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INDEX—JOURNAL OF CHEMICAL EDUCATION 
VOLUME 27, 1950 


The annual index for Volume 27 of the JourNat or CuEmicaL titles to articles; the books reviewed are listed in a separate 
EpucATION is divided into several parts. Authors are listed in section. ‘Lhe principal subject entries are distinguished from 
three sections: authors of articles, books reviewed, and letters titles by printing the former in italics. Portraits, including 
to the editor. The subject index includes both subjects and medals, are indicated br (P). 


Asexc, Bert. Urban Hiaerne—the first 
Swedish chemist 

AvpARIAN, A. G.—See Arxenr, A. J. 

AurMaN, Henry—<See Attrscuut, Ror. 

AttscnuL, Rour, anp Henxy ALTMAN. 
Acidimetric determination of metal ions 

Ammons, Many Jo—See Frierson, W. Jor 

Amerutz, E. D. Training for research 
leadership 

Arxer, A. J,, anp A. G. AtBpartan. Chemi- 
cal careers in General Electric 

AuprietH, L. F. What does industry ex- 
pect of the inorganic chemist? 

—See Tomurnson, W. R., Jr. 


Baxer, Parr 8. A versatile cryophorus. . 

Baxer, Ropert G.—See Brrcu, E. Joun H. 

BenpER, Paut, WeEnDELL J. BIERMANN, 
anp Atvin G. Wincer. Apparatus for 
student d % 

BIERMANN, WENDELL J.—See BENDER, 
PavuL 

Bircu, E. Joun H., anp Ropert G, Baker. 
Borax beads—preparation of an ex- 


tance t 





Bunn, R. C.—See Guntuer, F, A. 

Botticer, W. V.—See Suita, R. Newson 

Bossert, Roy G. The metallic soaps 

Bourn, Ategr 8. A conductivity-of-solu- 
tions demonstration...... SEARS ERE ee 

Bowers, Lors R. Good technical bulletins 
—their composition and distribution. . 

Boro, CHartes A.—See HinscHreLper, 
Josepx O. 

Brackett, SterRuinac. Parasitic diseases 
and the chemist 

BrapLey, R. 8. Note on the symmetry be- 
tween electron and proton transfer... . 

Brewster, Ray Q. Lecture demonstration 
experiments in organic chemistry 

Brockett, Cuype P. A clock-actuated 
interval timer 

Brown, Herpert C., AND CHARLES 
Ruutrs. The present problem im in- 
organic chemistry 

Bruce, Parure L. An electrical question 


BuckLes, Ropert E. The use of the Perkin 
reaction in organic laboratory classes. . 


Camppenn, Barpara K.—See CAMPBELL, 
Kennet N., Sr. 

CamppetL, Kennets N., Ss., M. Sr. 
CuarRLes, AND Barsara K. Camp- 
BELL. The detection of nitrogen in 
organic compounds. 

Cassipy, James E, Storage batteries 

Casstpy, Harnotp G. The nature of separa- 
tion PrOOOBEGS.......0 cee eseseeeees 

Castka, Josera F., anp JoserpH CRANE. 
Classroom demonstrations on ion-ex- 
change resins 

Caucnon, P, A.—See Hickey, F. C. 

Cuantin, Mansin. Drying tube for the 


AUTHOR INDEX 


organic laboratory 
Cuitton, Joun M., James W. Coe, AND 
Preston H. Leaxe. An inexpensive 
unit for electrometric measurements. . . 
Couz, James W.—See Cuttton, Joun M. 
Coox, E. W. Technical employment in the 
chemical industries 
CorTstyou, Ernaurne, ano W. P, Corret- 
National cooperative research 


Corretyrou, W. P.—See Corteryou, Erua- 
LINE ° 

Corwin, J. F., anp R. McGonieau. Sim- 
plified eye washer for general laboratory 


Corye.u, Caarugs D., AND NATHAN SUGARS 
MAN. The acceptance of new official 
names fer the elements 

Crane, JosepH—See Castxa, Josepu F. 

Crockrorp, H.S. Unknowns for molecular 
weight determination 

Curtis, Francis J. Business organization 
and administration in the chemical in- 


Research and development in the chemi- 
cal industry 


Danne tty, Cuarence C., anv M. E. Lasu. 
A lecture demonstration of Gay- 
Lussac’s law 

Davipson, H. BR. Dipole moments and 
molecular structure 

Davipson, Norman. Theoretical chemis- 
try and descriptive chemistry in the 
general chemistry course 

Davis, Moss VERNON, AND Frep H. Hears. 
A qualitative separation of calcium 
ion from strontium ion in Group IV... 

DeForp, Donatp D. The Brénsted con- 
cept in calculations involving acid-base 
equilibria 

Decerine, E. F. A new approach to the 
preparation of objective tests 

Derscuer, Craupe K.—See Grisss, Wit- 
Liam E, 

Detanay, Paut, Marcet PounBAIX, AND 
Prsrre van Rysse_BerGHe. Poten- 


Deraick, J. O. A bibliography of chemis- 
try projects and demonstrations, 1940- 


Dosstns, James T., anp Joun H. Norman. 
An improved qualitative test for the 

Dove ass, Cant D.—See Gace, THomas 
B. ‘ 

Durrenoy, J.—See Durrenoy, M. L. 

Durrenoy, M. L., anp J. Durrewnoy. 
The significance of antimony in the 


history of chemistry 
DunKELBERGER, Tosras H. An inverted 
course in analytical chemistry 
DurHam, D. W. The chemist in the du 
Pont Company 


Exseruarpt, W. H. New methods for the 
determination of molecular weight by 
vapor density 

Esutn, Lawrence P. Animproved appara- 
tus for obtaining boiling points of liquid 


Epeuson, Davin, anp Rarmonp M. Fvoss. 
Laboratory bridges. I: A portable 
- audio-frequency conductance bridge. . 
Epeuson, Davin, Wiuttam N. Mactay, ann 
Raymonp M. Fvoss. Laboratory 
bridges. II: A high voltage Schering- 
Wheatstone bridge 
Exvine, Parmipe J. Organic analysis in the 
chemistry curriculum 
Ewinc, Garten W. An _ undergraduate 
course in special methods of analysis. . 


Fernetius, W. Conran. Inorganic chem- 
istry for the chemistry major 

Fick, Jean—See Grommitt, OLIver 

Forses, Georce 8. Mechanisms of in- 
organic reactions 

Foster, Laurence §&. Demonstrating 
radioactivity by autoradiography 

Frencu, Stpnzy J. The chemical revolu- 
tion—the second phase 

Frierson, W. Joz, anp Mary Jo Ammons. 
The separation of inorganic ions by 
paper partition chromatography 

Fuoss, Rarmonp M. Conductance in 
liquids and plastics 

—See Epeison, Davio 


Garrney, Jane F., ano Joun T. Hays. 
First day with Hercules 

Gage, Tuomas B., Cant D. Dovatass, anp 
Stuon H. Wenver. A simplified labo- 
ratory experiment in paper partition 
chromatography 

Garner, Currrorp 8. Radiochemical ex- 
periments in the physical chemistry lab- 
oratory course....... 

Gisss, Wiriuram E., ano Craupg K. Dets- 
coer. George Rose: a pioneer in 
American phosphorus manufacture 
from 1870 to 1899 

Gore, W. L. New educational require- 
ments in experimental methods 

Grasar, Donatp G., anp Water C. Mc- 
Crone. Application of microscopic 
fusion methods to inorganic compounds 

Grosirr, OLiver, AND Jean Fick. Or- 
ganic syntheses illustrating sealed tube 


Guntuer, F. A., ann R. C. Burnn. 
DDT-type compound as source mate- 
rial in organic synthesis 
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Hacxert, J. W.—See Hicxzy, F. C. 

Haun, Rrcwarp B. Flame tests in the pres- 
ence of sodium 

Haagn, Ricuarp B., anp Ricoarp Mutts. 
An improved qualitative test for carbo- 


Hamitton, NatHan H. The chemistry and 
manufacture of antibiotic substances. . 

Hamor, Wiiiuram A. The rise of industrial 
research and its management 

Hancock, C. K. Rubber saddles for pres- 
sure stopcocks 

Steam-heated acid cleaning bath 

Hart, F. Leste. Misrepresentation and 
false claims 

Hart, Haroutp. A new Friedel-Crafts 
synthesis for the beginning student... 

HartouaH, Howarp D. The chemical na- 
ture of thiophene and its derivatives. . 

Haskins, Artour L. Operating an agricul- 
tural biochemistry stockroom 

Havser, Ernst A. The historical back- 
ground of colloid chemistry 

Hays, Joun T.—See Garrney, JANE F. 

Haze.t, Frep, anp H. SHermMan OBERLY. 
Selection and performance of students 

Heats, Frep H.—See Davis, Moss 
VERNON 

Henpnzticss, B. Currrorp. Laboratory per- 
formance tests in chemistry 

Hennessy, Dovatas J. Organic qualitative 
analysis at the graduate and under- 
graduate levels 


Herep, Wruu1am. Function of the lecture’ 


demonstration in science education... . 
Hickey, F. C., J. W. Hackett, anp P. A. 
Caucuon. An efficient student drying 


HigscHrevper, Joserx O., anp CHaruzs A. 
Boyp. A physical-chemical approach 
to reaction kinetics 

Howarp, J. H. Eastman Kodak Company 

Home, Davip N.—See Huntress, ERNEST 


Huntress, Ernest H., Davip N. Hump, 
anv Locxeart B. Rocers. Organic 
chemistry and the analytical program 
Oi iss: 00 crv icite end ercs.-aeson 


Ipptes, Hanotpy A. Employment oppor- 
tunities in college and university teach- 


Josrra, Katuryn A.—See Youne, Gzroras 
H. 

JuRALE, Bernarp. Unknowns in high- 
school chemistry 


Kierrer, Wiuu1am F. The activity series 
of the metals 

Kirrstzsy, Scotr L. The “Bobby Bird” 
and the second law of thermodynamics 

Kuernsere, Jacos. Unfamiliar oxidation 
states and their stabilization 

Kuicxsre1n, Hersert 8.—See Letcester, 
Henry M. 

Koun, Morrrz. Remarks on the history of 
laboratory burners 

Kunz, A. H. The use of a standard key- 
board typewriter in writing chemical 
equations 

The administration of language profi- 

ciency examinations for science majors 


Lasu, M. E.—See Danneiy, CLarENcE C. 
Latimer, WenpELt M. Inorganic chem- 

istry at the University of California... 
Lzeaxs, Prauston H.—See Curtton, Jonn 


Lzercester, Henry M., ann Hereert §. 
Kurcxetzin. Tenny L. Davis and his 
work in the history of chemistry 


Lew, Henry Y. A glycerin-sealed me- 
chanical stirrer 

LispHarsxky, Heeman A., AND Earu H. 
Winstow. Photoelectric ‘‘colorimetry’’ 
with inexpensive equip t 

Lirruz, Martin H. Grade adjusting 

Locks, W. N. Effective preparation for 
graduate language requirements 

Lona, Joun R. Precipitation of group II in 
qualitative analysis. A demonstration 

Loytry, O. M. Purchase and stocking of 
laboratory glassware 





Mactay, Witt1am N.—See Epetson, Davip 

Manpe.t, Mitton M. Selecting chemists 

Maattn, Auison B., anv J. C. SPEAKMAN. 
A nomograph for estimating ion activ- 
ity-coefficients 

Maxwett, J. A. Periodicity 

McCronz, Watter C.—See GRABAR, 
Donatp G. 

McCorcnon, K. B. A simplified periodic 
classification of the elements 

McGonraat, R.—See Corwin, J. F. 

McLacseian, Dan, Jn.—See Woo.utey, 
Roscog H. 

Meister, AupreY E.—See WEBER, JosEePH 


Metres, Louis. Titrations with vanadium 
(II) solutions for elementary quantita- 
tive analysis 

Meritt, Rernoutp C. Colloidal electro- 


Mituzr, 8. Porter. A density experiment 
A method of dissolving stannic oxide 
A conductivity experiment for general 
chemistry 
Mogreuzt, Wituram E. A specific qualita- 
tive test for zinc 
Mosgs, Autrrep J. A spot test for bis- 


The use of chelates in the confirmation of 

organic compounds 

Motus, Richarp—See Hawn, RicHarp 
B. 

Moraca, Raups F.—See Serrass, Ear J. 

Mourpny, Daniet B. Equivalent weight 
by reduction of copper oxide—a modi- 
fied procedure 

Myers, Detmar K. Element of the week. 


Netson, LuoypS. A method for determin- 
ing the thickness of silver deposited on 


Nicuotson, Dovetas G. The alchemist 
in art—relation to current science 

Niepert, Josspn B. The teaching of 
quantitative organic microanalysis 

Nouusr, C. R. A physical picture of co- 
valent bonding and resonance in organic 


Nook, R. J.—See Tuomas, E. B. 


Norman, Joun H.—See Dosatns, Jamus T. 


Osraty, H. SHenman—See Hazeu, Frep 
Oxsprer, RatpH E. Delépine, Marcel 

Eucken, Arnold 

Goubeau, Josef 

Hahn, Otto 

Hiickel, Erich 

Hickel, Walter 

Kuhn, Werner 


pS 2 Se err re 
Reppe, Walter Julius 
Rheinboldt, Heinrich 
Taylor, Frank Sherwood 
Orr, Witson L., anp Henry A. Starrorp. 
Theory of corrosion for engineers 
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Patron, A. R. Introducing paper chroma- 

tography to biochemistry students 
Further student experiments with paper 

chromatography 

Patron, H. W. A thermoregulator for 
liquid baths 

Prrersen, Sterrep. Sodium perchlorate 
and anhydrous magnesium sulfate: 
two student preparations 

Paruurrs, T. J. Modified Dumas bulb ex- 


Poursarx, Marcet—See Devanay, Pav 
Pranptt, WitHetm. Johann Wolfgang 
Débereiner, Goethe’s chemical ad- 


Purpy, Mavup B. Evaluation of instruc- 
tion at Louisiana State University 


Rapier, K. J. Solution of problems in- 
volving equilibrium constants 

Ransrorp, 8.J., J. E. Hydrogen demon- 
stration cannon made of glass 

Rasmussen, H. B. Procurement of chemi- 
cals and operation of chemical stock- 


Repman, Steruine L. Training chemists 
for better jobs 

Rertty, Desmonp. Irish chemical pioneers 
of 150 years ago 

Reynotps, W. B. Cold rubber 

RHEINBOLDT, Hernricu. Fifty years of the 
Grignard reaction 

Rosertson, G. Ross. Graphic estimation 
of boiling point at reduced pressure. . . . 

Rosertson, P. 8., anp J. VAUGHAN, 
preparation of nitrosobenzene 

Ropssusse, Worth H. The dynamics of 


Rocers, Locxsart B.—See Huntress, 
Ernest H. 
Rouurs, Cxarues L.—See Brown, HERBERT 


Samrry, Jonn R. Chemical education in 
liberal-arts colleges 1934-48 

Scuerer, Gzorce A. Teaching ionization 
potentials in the general chemistry lab- 


Scumipt, Gustav. The discovery of the 
nitroparaffins by Victor Meyer 

Scuvuter, Rosert H. Laboratory experi- 
ments in magnetochemistry 

Srerrass, Eart J. Instrument problems in 
a college chemistry department 

Serrass, Ear J., Rapa F. Mvuraca, And 
Raps G. Sremuarpt, Jr. Stimulat- 
ing questions in qualitative analysis... . 

Ssottron, J. A. General chemistry work- 
shop (Division of Chemical Educa- 


S1aqia, Stpnzy. Importance of functional 
group determination in organic quanti- 
tative analysis 

SILVERMAN, ALEXANDER. Pittsburgh’s 
contribution to radium recovery 

Sister Mary Heteng. Womeninscience. 

Stawter, Pav. B., Jn. The chemist’s 
place in sales and advertising 

Smirx, R. Newson, ann W. V. Botiiasr. 
The hydrolysis of l-menthyl formate. .. 

Sngvi, Cornetza T. Organic analysis as a 
tool for women chemists 

Sornvum, C. H., awn H. A. Wotr. The solu- 
bilities of the sulfides of arsenic, anti- 
mony, and tin in hydrochloric acid 

Spzaxman, J. C.—See Martin, Auison B. 

Sr. Coarites, M.—See CampBe.., KENNETH 
N., Sr. 

Srarrorp, Henry A.—See Orr, Wiison L. 

Sremnnarpt, Raups G., Jn.—See Surrass, 
Earu J. 

Srituiman, J. W. The training of analytical 
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chemists for industrial research 

grrauss, Howarp J. Apparatus for the 
laboratory study of gas absorption in 

SvGARMAN, NatHan—See CorYELL, 
Cuaruzes D. 

§vanozE, Hans. Crystallization of organic 
compounds from solution 

swirt, Ernest H. A proposal for a re- 
versal of trends 

§wineHART, D. F. The building-up princi- 
ple and atomic and ionic structure 


Taytor, Erten A. O’D. A convenient 
demonstration of diamagnetism 

Taomas, E. B., anp R. J. Noox: Methods 
for constant potential control 

Simple bridge balance indicator for con- 

ductance measurements 

Tomurnson, W. R., Jn., anp L. F. Av- 
pRieTH. Uninvited chemical explo- 


Tucker, 8S. Horwoop. Catalytic hydro- 
drogenation using Raney nickel 

Tyres, 8S. Youne, Jn. A course in descrip- 
tive inorganic chemistry 


AssorpTion, gas, Apparatus for the labora- 
tory study of, in packed towers. Ho- 
warp J. Strauss 

Acceptance of new official names for the ele- 
ments, The. Cartes D. CoryeLi 
AND NaTHAN SuGARMAN 

Acidimetric determination of metal ions. 
RoutF ALTSCHUL AND Henry ALTMAN. . 

Acids and bases 
Brgénsted concept 
Electron and proton transfer 

Activity-coefficients, ion, A nomograph 
estimating Atison B. MarTIN AND 
J. C. SPEAKMAN 

Activity series of the metals, The. 
LiAM F. KIerrer.. ° 

Administration in the ‘chemical ‘indenter, 
Business organization and. Franx J. 


Wi- 


Administration of language proficiency 
examinations for science majors, The. 


Adsorption, chromatographic—See Chromo- 
tography 

Advertising 
Misrepresentation 

Advertising, The chemist’s place in sales 
and. Pav. B. StawTer, Jr.. 

Agricultural biochemistry stockroom, Oper- 
atingan. ArTaur L. Haskins 

Alchemist (P) 

Alchemist in art, The—relation to current 
science. Dover asG. NICHOLSON 

Allylic pounds, O; tion mech- 
anisms with. ‘Wriras G. Youne 

Aluminum 





Analysis, An undergraduate course in spe- 
cial methods of. Ga.ten W. Ewinec... 
Analysis, Instrumental chemical, at the 
Connecticut Agricultural Experiment 


Analytical chemists, The training of, for 
industrial research. J. W. STruuMan.. 
Antibiotic substances, The chemistry and 

manufacture of. Nataan H. Hamtt- 


629 
668 


391 
117 


117 


357 


162 


297 


527 


147 


Vatxo, EmeryI. Wolfgang Pauli 
Van Patten, Natoan. Must we have for- 
mal instruction in the use of chemical 


Van Rysse.percHE, Pisrre—See Dewa- 
HAY, Pau. 
Vaucuan, J.—See Roperrson, P. 8. 


Waener, E. C. Ethyl formate, n-propyl 
formate, and n-propyl acetate. . 

Watrer, Rosert Irvine. Rubber ‘etampe 
of aromatic ring systems 

Watton, Harotp F. An undergraduate 
course in inorganic preparations 

Weaver, Expert C. A one-man open 


Weser, Josers E. A student prepara- 
tion: sulfonation 

Weser, Joserx E., anp Auprey E. Mets- 
ter. Electrolytic reduction of o- 
aminophenol 

Wenper, Simon H.—See Gacz, Tuomas B. 

Wert, W. A. Glass formation in nonsili- 


SUBJECT INDEX 


Antimony sulfide 
Solubility in hydrochloric acid 
Apparatus—See also Lecture demonstrations; 
Laboratory exercises 
Boiling point 
Catalytic hydrogenation 
Cleaning bath 
Conductance 
Constant potential control 
Cryophorus 
EE ve.c0sn 4 +50 5.5: 


Eye washer 
Fluorometer 
Gouy balance.............--.. 0000 


Interval timer 
Ionization potentials 
Mechanical stirrer 


Thermoregulator 
Apparatus for student conductance mea- 
surements. Pau Benper, WENDELL 
J. BrerMAnN, AND ALvIn G. WINGER... 
Apparatus for the laboratory study of gas 
absorption in packed towers. Howarp 


Application of microscopic fusion methods 
to inorganic compounds. Donatp G. 
GraBER AND Water C. McCrone.... 

Appointments,’ Graduate, in chemistry and 


Aromatic ring systems, Rubber stamps of. 
Rosert Invine WALTER 

Arsenic sulfide 
Solubility in hydrochloric acid 

Atomic and ionic structure, The building-up 
principleand. D. F. Swinexnart..... 

Atomic structure—See also Periodic table 


Tonisation potentials. 
Physical pictute of covalent bonding 


245 


503 


449 


536 


384 


671 


520 


212 


517 


Wieatn, Epwin A. Current status of 
radioisotope utilization 
Wiuxrnson, Joun A. A sophomore course 
in inorganic chemistry 
WIinverticn, Ruvupotr. 
Wenzel, 1740-1793 
Lothar Meyer 
Prevention of accidents when handling 
chemicals 
Wincer, Atvin G.—See Benper, Pau 
Winztew, Eant H.—See LIEBHAFSKY, 
Herman A. 
Winzuier, Ricuarp J. 
of cancer research 
Wour, H. A.—See Sornum, C. H. 
Wootter, Roscoe H., anp Dan McLacu- 
Lan, Jr. A model illustrating the ef- 
fect of thermal agitation 


Carl Friedrich 


Biochemical aspects 


Youne, Gzorce H., ann Karurrn A. 
Joseru. The Mellon Institute 
Youne, Wituram G. Organic reaction 

mechanisms with allylic compounds. ... 


Zanetti, J.E. The perpetual inventory in 
chemistry stockroom management 


and resonance 
Audio-visual aids, Proposed reviews of 


Bacon, Roger (P) 
Barbier, Phillippe Antoine (P)............ 
Batteries, Storage James E. Casstvy 
Berzelius and Goethe 
Bibliography of chemistry projects and dem- 
onstrations, 1940-49. J. O. Derrick. . 
Biochemical aspects of cancer research. 
Ricuarp J. Winzuer.. 
Biochemistry stockroom, egtedienl, Oper- 
atingan. Artaur L. Haskins 
Biography 
Delépine, Marcel 
Eucken, Arnold 
Goubeau, Josef 
Grignard, Victor 
Hahn, Otto 
Hiaerne, Urban.... 
Hackel, Erich 
Hickel, Walter..... 
Kuhn, Werner... 
Lieb, Hans. . 
Lockemann, Geses. . 
Meyer, Kurt H.. 
Meyer, Lothar........ 
Meyer, Victor oe 
Pauli, Wolfgang............. 
Reppe, Walter Julius...... 
Rheinboldt, Heinrich 
Rose, George. . 
Taylor, Frank Sherwood 
Wensel, Carl Friedrich.............. 
Wohler, Friedrich 
Bismuth, A spot test for. Aturrep J. 
Blaise, Emile Edmond (P) 
“Bobby Bird,” The, and the second law of 
thermodynamics. Scorr L. Krrrsuer. 
Boiling point at reduced pressures, Graphic 
estimation of. G. Ross Ropertson... 
Boiling points of liquid mixtures, An im- 
proved apparatus for obtaining. Law- 
gence P, Es.in 
Borax beads—preparation of anexhibit. E. 
Joun H. Brace ano Rosset G. Baxur 


525 


187 


254 


357 


395 


504 
488 


118 
477 
63 
68 
562 


525 


483 


573 


341 


67 


333 
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Bouveault, Louis (P) 

Bridge balance indicator, A simple, for con- 
ductance measurements. F 
Tuomas Anp R. J. Noox 

Bridges, Laboratory. I: A portable au- 
dio-fr q y d bridge. 
Davip Epretson aNd Rayrmonp M. 


tance 





A high voltage Schering-Wheatstone 
bridge. Davip Epetson, WI.uiam 

N. Macuay, AND RayMonp M. Fuoss.. 
Br¢gnsted concépt in calculations involving 
acid-base equilibria, The. Donaup 


Building-up principle and atomic and ionic 
structure, The. D.F.Swtnexnart.... 
Bulletins, Good technical—their composi- 
tion and distribution. Lois R. Bow- 


Laboratory 

Burners, laboratory, Remarks on the his- 
tory of. Moritz Koun 

Business organization and administration 
in the chemical industry. Franx J. 
Curtis 


Cauctum ion, A qualitative separation of, 
from strontium ion in Group IV. 
Moss Vernon Davis AND Frep H. 


Calculations involving acid-base equilibria, 
The Brénsted concept in. DonaLp 


California, University of, Inorganic chemis- 
tryatthe. Wenpe.u M. Latimer.... 

Cancer research, Biochemical aspects of. 
Ricuarp J. WINZLER 

Cannon, Hydrogen demonstration, made of 
glass. J. E. Ransrorp,§.J........... 

Carbon 14, Radioactive standards of 

Catalysis 
Reaction kinetics 

Catalytic hydrogenation using Raney nickel. 
8S. Horwoop Tucker.. 

Cheatproof examinations. ‘The emeet- 
tive lecture-quiz. Horace G. Dem- 


Chelates in the confirmation of organic com- 
pounds, The use of. Atrrep J. Moszs 

Chemica] careers in General Electric. A. J. 
ARKER AND A. G. ALBARIAN 

Chemical education in liberal-arts colleges, 
1934-48. Joun R. Sampsy 

Chemical industry, Business organization 
and administration in the. Franx J. 


Chemical industry, Commercial develop- 
mentinthe. Francis J. Curtis 

Chemical industry, Research and develop- 
mentinthe. Francis J. Curtis 

Chemical literature, Must we have formal 
instruction in the use of? NaTHAN 
Van Patten 

Chemical nature of thiophene and its de- 
rivatives, The. Howarp D. Har- 


Chemical Revolution, The—the second 
phase. Sipney J. Frenca 

Chemist in the Du Pont Company, The. 
D. W. DurHam 

Chemist’s place in sales and advertising, 
The. Pavt B. Stawrer, Je 

Chemistry and manufacture. of antibiotic 
substances, The. , NatHan H, Hamit- 


Chemistry projects and demonstrations, 
1940-49, A bibliography of. J. O. 
DOE os. o-0 0.0 sins 40 2 be wenpe inane 

Chromatography 
Inorganic.. 

Introduction for biachalitaes students. 


A simplified experiment. 
Student experiments 
Civil service 


Classroom demonstrations on ion-exchange 
resins. Josep F. CasrKa AND JOSEPH 


Cleaning bath, Steam-heated acid. C. K. 
Hancock 
Clock-actuated interval timer, A. Cuiype 


Cold rubber. W. B. Reynoups 
College preparatory course in chemistry, A 
minimum syllabus for a 
Colloid chemistry 
Colloidal electrolytes 
Historical background of 
Pauli, Wolfgang. . é 
Colloidal electrolytes. \Sepewenn. C. alee 


“Colorimetry,”” Photoelectric, with inex- 
pensive equipment. Herman A. 
LigeBHAFSKY AND Eart H. Winstow... 

Commencement, On the approach of 

Commercial development in the chemical] in- 
dustry. Francis J. Curtis.......... 

C ittee on e: inations and tests 
Testing program 

Competitive lecture-quiz, The. 
Deine 

Compression distillation 





Horace G. 


Conductance 
Schering- Wheatstone bridge 

Conductance bridge, A portable audio-fre- 
quency. Laboratory bridges. Davip 
EDELSON AND Raymonp M. Fvoss..... 

Conductance in liquids and plastics. Ray- 
MOND M. Fvoss 

Conductance measurements, A simple bridge 
balance indicator for. E. B. THomas 
AND R. J. Noox 


Conductance measurements, student, Appa- 


ratus for. Pau, Benner, WENDELL J. 
BreRMANN, AND ALVIN G. WINGER 
Conductivity experiment for general chemis- 
try, A. 8S. Porter MItueR ; 

Conductivity-of-solutions demonstration, A. 
Auer 8. Bourn 

Control, potential, Methods for constant. 
E. B. THomas anp R. J. Noox 

Convenient demonstration of diamagnetism, 
A. Enrtcsa A. O’D. Tayrto# 

Copper oxide, Equivalent weight by reduc- 
tion of—a modified procedure. Danre. 
B. Murpnuy 

Correspondence—See Letters to the Editor 

Corrosion, Theory of, for engineers. Wut- 
son L. Orr AND Henry A. Starrorp.. 

Course in descriptive inorganic chemistry, 
A. 8. Youne Tyres, Jr. 

Covalent bonding and resonance in organic 
chemistry, A physical picture of. C. R. 


Cow-Goddess, The 

Crawley, Helen W. (P) 

Cryophorus, <A_ versatile. Puturp 

Crystallization of organic compounds from 
solution. Hans SvANOE 

Current status of radioisotope utilization. 
Epwin A. WiaaGin 


Davis, Tenney L., and his work in the his- 
tory of chemistry. Henry M. Ler- 
CESTER AND Hersert S. KuIcKksTeIn.. 

DDT-type compound as source materia! in 
organic synthesis, The. F. A. Gun- 
THER AND R. C, BLINN 

Delépine, Marcel. Raurn E. Oxrsrer 
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594 


548 


217 


457 


463 


raphy. Lawrence 8S. Foster 
Demonstrations—See Lecture demonstrations 
Demonstrations, Classroom, on _ ion-ex- 
change resins. JosepH F. CasTKA AND 
Joseru CRANE 


Descriptive chemistry in the general chemis- 
try course, Theoretical chemistry and. 
Norman Davipson 

Descriptive inorganic chemistry, A course 
in. S. Youne Tyres, Jz 

Detection of nitrogen in organic compounds, 
The. KennetH N. CampsBett, Sr., 
M. St. CHarues, AND BarpBara K. 
CAMPBELL. 

Detergent materials, Structural and physico- 
chemical properties of soaps and....... 

Determination, Acidimetric, of metal ions. 
Rour ALTscHuL AND HENRY ALTMAN. . 

Diamagnetism, A convenient demonstration 
of. Enrica A. O’D. Taytor 

Dielectric constant 
Management of 

Dipole moments and the molecular struc- 
ture. H. R. Davipson 

Discovery of the nitroparaffins by Victor 
Meyer, The. Gustav Scumipt 

Dissolving stannic oxide, A method of. 
Porter MILLER 

Distillation 
Separation processes 

Distillation without heat 

Division of Chemical Education 
116th meeting, Atlantic City, New 


RS ers ee 95, 215 


Débereiner, Johann Wolfgang, Goethe’s 

chemical adviser. Wi.HeLM PRANpTL 
—See Frontispiece, April (P) 

Drying oven, An efficient student. F. C. 
Hickey, J. W. Hacxert, anp P. 
A, CaucHon 

Drying tube for the organic laboratory. 
Martin CHANIN 

Dumas bulb experiment, Modified. T. J. 
PHILLIPS 


Dynamics of gas flow, The. Worrts H. 


RopEeBuUsH 


Eastman Kodak Company. J. H. Howarp 
Editor's basket, Out of the 


Actinium 
Ampoules, Chemicals in 
Analascope 

Apparatus, New 

Atomic alchemists 
Autoclave 

Balances, New laboratory 
Beakers, Stainless steel 
Blow torch 


Catalogue 

Celsius versus centigrade 

Chemicals in ampoules 

Chloromycetin 

Chromatographic indicator 
Coffee-captan 

Color filters, Pure 

Colorimeter, Lu 

Combustion tubes...........- manatee 
Combustion unit.... 





176 


195 


43, 96, 219, 280, 338, 575, 627, 690 
96 
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Demonstration device 
Dielectric constant meter 
Dry-flo. : . 

Electric dryer 


Electric muffle furnace............... 


Electrical units 
Electro-chemograpb~ 


Electronic device.................+-4 


Electronic power supply 
Electronic torch. 


Flow SUOMI, ss sunbiebickdceewicscauss 


Fluorescent luminaries. .... 


Gas analysis equipment 
Germanium-helium alloys 
Germ-killer 

Gloss standards, Permanent 
Heavy-duty laboratory mill 


Hydrometers, Testing of............. 


Internal corrosion 

Inventory card 

Isotope laboratory, Miniature 
Laminar chart. . .- 

Life-line motors 


Light absorbing chemicals............ 
Light by shaking. ...........:.....-. 


Liquid hydrogen container 
Magazine exchange 
Mercury oxifier 

Metal mortars 


Microscopes 


Mitscherlich, Eilhard................ 


Monochromator......... 


Monochromator and spectrometer. . . 


Motion pictures 


Muffie furnace, Electric.............. 


Multicolumn reflux still...... 


National crystallographic registry 


New products 
Nutrition 


Phctoelectric unit, Subminiature 
Photographic film 

Polarograph 

Potentiometer 


Protecto-grid........ ot TPO: CMs Se RF 


Pump, vacuum 
Quartz tubing 
Radioactivity d 

Rat repellent 
Refractometer, Hand 
Resistance boxes 
Rubber tires 





Safety chart on chlorine.............. 


Sampling dipper 
Sapphire mortar 
Silos and dust 
Slide rules 
Solvent safety 


Spectrometer, Monochromator and. . . 


Spectroradiometer 

Steel shelving 

Still, Multicolumn reflux 
Test tube rack 

Testing service 


Thermos bottles, Giant.............. 


Thickness measurement 
Translations 
Ultrasonics..........:.. 


Ultrasonics for cleaning.......... une 


X-ray microscope 
Contributors 

Furst, Arthur 

Herron, Fred Y 


Editor's Outook (Editorials).............. 1. 55, 
115, 175, 235, 295, 355, 415, 475, 535, 589, 643 
Effective preparation for graduate language 
requirements. W.N. Locke 
Efficient student drying oven, An. 
Hickey, O.P., J. W. Hacxert, O.P., 
anp P. A. CaucHon 
Electrical question board, An. Purp L. 


Electrochemistry 
Colloidal electrolytes 
Conductance 
Storage batteries 
Electrolytes 
Conductance in 
Electrolytes, Colloidal. Reynotp C. Mer- 


Electrolytic reduction of o-nitrophenol. 
Joserx E. Weser anp Auprey E. 


Electrometric measurements, An inexpen- 
sive unit for. Joun M. Cuitron, 
James W. Coie, ann Preston H. 


Electromotive force 
Potential-pH diagrams 
Electromotive series 
Theory of corrosion 
Electron and proton transfer, Note on the 
symmetry between. R. 8S. Braver. 
Electron structure 
Covalent bonding and resonance 
Element of the week. Detmar K. Mrenrs.. 
El ts, The pt of new official 
names for the. Caries D. Coryetu 
anp NatHan SuGARMAN 





Sales and advertising 
Training chemists for better jobs 
Women in science 

Employment opportunities in college and 
university teaching. Harotp A. 


Employment policies and practices in Ameri- 
can organizations 
American Cyanamid Company 
Colleges and Universities............. 
Du Pont Company 
Eastman Kodak Company 
General Electric Company 
Hercules Powder Company 

_ Mellon Institute 

Engineering, Human valuesin. Francts J. 


Equations, chemical], The use of a standard 
keyboard typewriter in writing. A. H. 


Calculations 

Equilibrium constants, Solution of problems 
involving. K. J. Rapimer 

Equipment and supplies, Symposium on... 

Equivalent weight by reduction of copper- 
oxide—a modified procedure. DANIEL 


Ethyl formate, n-propyl formate, and n- 
propyl acéetate—student preparations. 


—See Frontispiece, October (P) 
Evaluation of instruction at Louisiana State 
University. Mavup B. Purpy 
Ezaminations—See Tests 
Exhibits 


Element of the week 
One-man open house 
Experimental methods, New educational re- 
quirements in. 
Experiments, Lecture—See Lecture demon- 
strations 
Explosions, Uninvited chemical. W. R. 
Tomutnson, Jr., anv L. F. AupRIETH. 
Explosives—See also Safety 
Prevention of accidents 


Fase claims, Misrepresentation and. F. 
Lesurz Hart 

Fifty years of the Grignard reaction. Hern- 
RIcH RHEINBOLDT 

First day with Hercules. Jane F. Garrney 
anp Joun T. Hays 

Flame tests in the presence of sodium. 
Ricuarp B. Haan 

Fluorometer, A simple. Cuartes E. Wuee- 


Foreign languages 
Examinations 
Friedel-Crafts synthesis, A new, for the 
beginning student. Haroup Hart.... 
Frontispieces 
Débereiner, Johann Wolfgang (Apr.) 
Eucken, Arnold (Oct.) 
Goubeau, Josef (Mar.) 
Grignard, Victor (Sept.) 
Hahn, Otto (Nov.) 
Kuhn, Werner (Aug.) 
Lieb, Hans (July) 
Lucas, Charles (May) 
Pauli, Wolfgang (Jan.) 
Reppe, Walter Julius (Dec.) 
Rheinboldt, Heinrich (June) 
Wenzel, Carl Friedrich (Feb.) 
Function of the lecture demonstration in 
science education. W1iu1amM HeRep.. 
Functional group determination, Import- 
ance of, in organic quantitative analysis 
Sipney Sreora . 
Further student experiments with paper 
chromatography. A. R. Patron 
Fusion methods, microscopic, Application to 
inorganic compounds. Donatp G. 
Grapar AND Watrer C. McCrone.. 


Games 
Periodicity 
Molecular weight by vapor density. . . 
Gas flow, The dynamics of. Worrts H. 
RopEBUsH 
Gas laws 
Gay-Lussac’s 
Gas laws study, Visual aid to. Cavin P. 


Gay-Lussac’s Law, A lecture demonstration 
of. Criarence C. DANNELLY AND M. 


General chemistry course, Theoretical chem- 
istry and descriptive chemistry in the. 
Norman Davipson P 

General chemistry workshop (Division of 
Chemical Education). J. A. SHorron 

General Electric, Chemical careers in. A. 
J. Anker anp A. G. ALBARIAN 

Glass formation in sonsilicate systems. 
W. A, Wevt.... 

Glassware, laboratory, “urchase and stock- 
ing of. O. M. Lorrry 

Glycerin-sealed mechanical stirrer, 
Henry Y. Lew 

Goethe, Berselius and 

Goethe’s chemical adviser, Johann Wolfgang 
Débereiner. WitHetm PRANDTL 


606 


542 


141 


649 


619 





704 


Good technical bulletins—their composi- 


tion and distribution. Lois R. Bowmprs 565 


Goubeau, Josef. Ratpxn E. Orsrer 
—WSee Frontispiece, March (P) 
Grade adjusting. Martin H. Little 
Graduate appointments in chemistry and 
chemical engineering 
Graphic estimation of boiling point at re- 


duced pressures. G. Ross Ropertrson 341 


Grignard reaction, Fifty years of the. 
Hetnrich RHEINBOLDT..... 
Grignard, Victor (P) 
—See Frontispiece, September 
Group II in qualitetive analysis, Precipita- 
tion of. Joun R, Lone 
Guntz, Antoine Nicolas 


Haan, Otto. Raurx E. Onsrer 
—See Frontispiece, November (P) 

Harvard University, 1950 summer program 
on “Science in General Education”’... . 

Hercules, First day with. Jane F. Garrner 
AND Joun T. Hays 

Hiaerne, Urban—the first Swedish Chem- 
ist. Berti. ABERG 


Higgins, Bryan 


Irish chemica! pioneers 15U years ago 237 


Higgins, William 


Irish chemical pioneers 150 years ago 237 


High-school chemistry, Unknowns in. 
BERNARD JURALE 

Historic preparations, Two 

Historical background of colloid chemistry, 
The. Ernst A. Havser 

History of chemistry—See also Biography 
Alchemist in art, The 
Colloid chemistry ..........cccccces. 
Discovery of the nitroparaffins 
Irish chemical pioneers 150 years ago. . 
Phosphorus manufacture............. 
Rose, George 

History of chemistry, Tenney L. Davis and 
his workin the. Henry M. Leicester 
AND Hersert 8. KiicksTEe1n 

History of chemistry, The significance of 
antimony in the. M. L. Durrenoy 
anp J. DuFRENOY 

History of laboratory burners, Remarks on. 
Moritz Koun 

History of the Pacific Association of chem- 
istry teachers 

Hickel, Erich. Raupu E. Ozsprr 


Hydrogen demonstration cannon made of 
glass. J. E. Ransrorp,8.J........... 

Hydrogenation, Catalytic, using Raney 
nickel. 8. Horwoop Tucker 

Hydrolysis of l-menthyl formate, The. 
Newson SMITH AND W. V. Botuicer. . 


I mporrance of functional group determina- 
tion in organic quantitative analysis. 
Sipney Si1eqra 

Improved apparatus for obtaining boiling 
points of liquid mixtures, An. Law- 
RENCE P, Esuin 

Improved qualitative test for the zinc ion, 
An. James T. Dopsins anp Joun H. 


Improvement of laboratory gas burners... . 

Improved qualitative test for carbonates, 
An. Ricuarp B. Hasn anp RICHARD 
MULLINS 

Industrial chemistry—See Chemical industry 

Industrial research and its management, 
The rise of. Witiram A. Hamor 

Industrial research, The training of analyti- 
cal chemists for. J. W. Srinuman.... 


92, 163, 181 


476, 480, 481, 482, 487 


Industry, What does, expect of the inorganic 
chemist? L. F. Auprrera 

Inexpensive unit for electrometric measure- 
ments. Joun M. Cuitron, James W. 
Coz, AND Preston H. Leake 

Inorganic chemistry, A soph e course 
in. Joun A. WILKINSON 

Inorganic chemistry at the University of 
California. Wrnpe.it M. LATIMER... 

Inorganic chemistry, descriptive, A course 
in. 8. Youne Trrep, Jr 

Inorganic chemistry for the chemistry ma- 
jor. W. Conarp Fernf#tiis 

Inorganic chemiairy in the undergraduate- 
curriculum, Symp on the place of. . 

Inorganic chemistry, The present problem 
in. Hersert C. Brown AnD CHARLES 








Inorganic compounds, Application of micro- 
scopic fusion methods to. Donatp G. 
GRABAR AND Wa.LtTEeR C. McCrone.. 

Inorganic preparations, An undergraduate 
coursein. Haroup F. Watton 

Inorganic reactions, Mechanisms 
Gerorce S. Forses 

Insecticides 
DDT-type compound 

Instrument probl ina 
department. Earu J. Serrass 

Instrumental chemical analysis at the Con- 
necticut Agricultural Experiment Sta- 





Instruments—See Apparatus 

Interval timer, A clock-actuated. Ctiype 
P. Brockett 

Introducing paper chromatography to bio- 
chemistry students. A. R. Parron.... 

Inventory, The perpetual, in chemistry 
stockroom management, J. E. ZANETTI 

Inverted course in analytical chemistry, An. 
Tosras H. DUNKELBERGER 

Ton-exchange resins, Classroom demonstra- 
tions on. Jospeps F. CasTKa AND 
JoserH CRANE 

Ionic structure 
Building-up principle 

Ionization—See Electrolytes, Conductance 

Ionization potentials in the general chemis- 
try laboratory, Teaching. Groresr A. 
ScHERER 

Irish chemical pioneers of 150 years ago. 
Desmonp REILLY 

Isotopes 
Radioisotope utilization 


Kamer, Glenn Donald 

Pittsburgh’s contribution to radium re- 
7: Ra eee 
Koenig, Henry Titus 

Pittsburgh’s contribution to radium re- 
Kirwan, Richard 

Trish chemical pioneers 150 years ago. . 
Kuhn, Werner. Ratpu E. Ozsrer 

— See Frontispiece, August (P) 


Larozarory bridges. I: A portable audio- 
frequency conductance bridge. Davip 
EpDELSON AND Raymonp M. Fvoss.... 

Iz: A high voltage Schering-Wheatstone 
Bridge. Davip Epgeison, Wiiuram N. 
Mactay, AND Raymonp M. Fvoss... 

Laboratory burners, Remarks on the his- 
tory of. Moritz Koun 

Laboratory exercises 
Catalytic hydrogenation 
Chromatography..... <A et Oa 


Equivalent weight.................. = 
Ethyl formate, n-propyl formate, and 


n-propyl acetate 
Friedel-Crafts synthesis 
Gas absorption 
Hydrolysis of l-menthyl formate 
Magnetochemistry 
Organic synthesis 
Paper chromatography 
Perkin Reaction 
Preparation of nitrosobenzene 
Radiochemical experiments 
Sulfonation 
Laboratory experiments in magnetochem- 
istry. Rosert H. Scuuter 
Laboratory performance tests in chemistry. 
R. Currrorp HenpRIcks 
Language proficiency examinations 
science majors, The administration of. 


Language requirements, Effective prepara- 
tion for graduate. W. N. Locke 
Lavoisier 
Chemical Revolution—second phase. . 
Lecture demonstration experiments in 
organic chemistry. Ray Q. Brewsrer 
Lecture demonstration of Gay-Lussac’s law, 
A. Cuarence C. DaNNBLLY AND M. 


Lecture demonstrations 
Bibliography 
“Bobby Bird” 
By projection : 
CINE uci SST EO eg 
Cryophorus 
Diamagnetism 
Element of the week............... 
Function of 
Hydrogen demonstration cannon 
Ion-exchange resins 
Molecular motion................... 
One-man open house 
Organic chemistry................... 
Precipitation of Group II 
Radioactivity and autoradiography... 
Relative vapor pressures 

Lecture-quiz, The competitive. Cheatproof 
examinations. Horace G. Demine... 

Liberal-arts colleges, Chemical education in. 
Joun R. Samprry 

Lieb, Hans. Ratpx E. Orsrer 

—See Frontispiece, July (P) 
Lockemann, Georg. Raupx E. Onsper.... 


Louisiana State University, Evaluation of 
instruction at. Mavup B. Purpy 
Lucas, Charles 
Irish chemical pioneers 150 years ago.. 
—See Frontispiece, May (P) 


MacBarnz, David 
Irish chemical pioneers 150 years ago. . 


Magnesium sulfate, anhydrous, and sodium 
perchlorate: two student preparations. 
Sierrep Prererson 

Magnetochemistry, Laboratory experiments 
in. Rosert H. Scuuter 

Massachusetts Institute of Technology, 
Organic chemistry and the analytical 
program at. Ernest H. Honrress, 
Daviw N. Hume, ann Lockaart B. 


of inorganic 
Georges S. Forses 
Mellon Institute, The. Gzores H. Youne 
anv Karuryn A. Josera 
Meliing points 
Inorganc compounds..............++ 
l-Menthy] formate, The hydrolysis of. R. 
Newson Smits anv W. V. Botuiees.. 
ONT as Si Sad acece goede cue igi 
Metal ions, Acidimetric determination of. 
Routr AuTscHuL aNnD Haney ALTMAN 
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Metallic soaps, The. Ror G. Bosszrt 
Metals, New for old 
Metals, The activity series of the. W1it1am 


Method for determining the thickness of 
silver deposited on glass, A. Luoyp S. 


Method of dissolving stannic oxide, A. S. 
Porter MILLER 

Methods for constant potential control. E. 
B, THomas AnD R. J. Noox 


Meyer, Victor 
Thiophene 
Meyer, Victor, The discovery of the nitro- 
paraffins by. Gustav Scumipt 
Microanalysis 


Microscopic fusion 
to inorganic compounds. Donaup G. 
GRABER AND WaAtTEeR C. McCrone.. 

Minimum syllabus.for a college preparatory 
course in chemistry, A 

Minutes 
Of the Division of Chemical Education, 

116th meeting 

Mirrors 
Determining the thickness of 

Misrepresentation and false claims. F. 
Lzesuie Hart 

Mitscherlich, Eilhard (P) 

Model illustrating the effect of thermal 
agitation, A. Roscozs H. Woo.iuey anp 
Dan McLacauan, Jr. 

Modified Dumas bulb experiment. 





Molecular structure, Dipole moments and. 
H. R. Davipson 
Molecular weight by vapor density, New 


Instrumental chemical! analysis at 
the Connecticut Agricultural 
Experiment Staticn 

Mechanisms of inorganic reactions. 
Gzorcs S. Forses 

Minimum syllabus for a college 
preparatory course in chemis- 
try, A 

Parasitic diseases and the chemist. 
Sreruine Brackett 

Second summer program for sci- 
ence teachers at M.I.T...... 

Conferences 
Eleventh, Treasurer's report 


46 


286 


577 


168, 346, 693 


252nd, Keene, New Hampshire. . . 
253rd, Boston, Massachusetts... . 
254th, Providence, Rhode Island. 
255th, New Haven, Connecticut. . 
256th, Lowell, Massachusetts... . 
Report of the NEACT 


167 
346 
347 
467 


46, 101, 169, 225, 


286, 346, 402, 467, 527, 577, 632, 693 


New Friedel-Crafts synthesis for the begin- 
ning student, A. Haroutp Harr 

New metals for old 

New methods for the determination of 
molecular weight by vapor density. 
W. H. Eseruarpt 


1950 college chemistry testing program... . 

1950 summer program on “Science in Gen- 
eral Education” at Harvard University 

Nitrogen in organic compounds, The de- 
tection of. Kenneta N. CamMpBeE.u, 
Sr., M. St. Cuarues, anp BarBara 
K. CamMpsBe.u 

Nitroparaffins, The discovery of, by Victor 
Meyer. Gustav Schmidt 

o-Nitrophenol, Electrolytic reduction of. 


330 


Organic reaction mechanisms with allylic 
compounds. Wiiitam G. Youne 
Organic syntheses illustrating sealed tube 

techniques. O.ntver GRUMMITT AND 


Organic synthesis, The DDT-type com- 
pound as source material in. F. A. 
GunTuer anv R. C. Bunn 

Organization, Business, and administration 
in the chemical industry. Franx J. 


Potential-pH diagrams 
Oxidation-reduction 
Electron and proton transfer 
Potential-pH diagrams 
Oxidation states, Unfamiliar, and their sta- 
bilization. Jacos KLEINBERG...... ne 


Pactric Southwest A 
Teachers: 
Articles 


B h Sant +. 





of Chemistry 


p of cancer re- 
search. Ricnarp J. WINZzLER 
Davis, Tenney L., and his work in - 
the history of chemistry. 
Henry M. LgIcesTeR AND 
Hersert 8S. KiickstTe1n 
Graphic estimation of boiling point 
at reduced pressures. G. Ross 
ROBERTSON 
History of the Pacific Association 
of Chemistry Teachers 
Misrepresentation and false claims. 
F. Lesure Hart 
Radiochemical experiments in the 
physical chemistry laboratory 
course. Currrorp S. GARNER 
Training chemists for better jobs. 





Srerumne L. RepMan 99 

First anniversary report 576 
0 ST ee ote 
Pomona meeting 466 
Ventura conference 401 
Proceedings of the PSACT....99, 166, 222, 
283, 341, 401, 466, 525, 576, 629, 691 
Palladium, Precious 26 


methods for the determination of. W. 
H, Eserearpt 

Molecular weight determination 
Dumas bulb 

Molecular weight determination, Unknowns 
for. H. D. Crockrorp 

Molecules 


Josera E. Weser anp Avuprey E. 
MBISTER 
Nitrosobenzene, The preparation of. 
RoBERTSON AND J. VAUGHAN 
Nomenclature 
Names for the elements 
Nomograph estimating ion activity-coeffi- 


Model of thermal agitation 
Molybdenum 


Molyneux, William 
Irish chemical pioneers 150 years ago. . 


Moses as chemist 
Must we have formal instruction in the use 
of chemical literature? Nataan Van 


Nawes, new official, for the elements, The 
acceptance of. CHarutes D. Corre. 
AND NaTHAN SUGARMAN 

National cooperative research program. 
Ernauings CorTetyou anp W. P. 
CorTELYou 

Nature of separation processes, 
Harnoup G. Casstpy 

New approach to the preparation of objec- 
tive tests, A. E. F. Decurine 

New educational requirements in experi- 
mental methods. W. L. Gorz 

New England Association of Chemistry 
Teachers: 

Articles 

Chemistry and manufacture of 
antibiotic substances, The. 
Natuan H. Hamiiton 

Current status of radioisotope uti- 
lization. Epwin A. Wiaearn.. 

Demonstrating radioactivity by 
autoradiography. LAWRENCE 


cients, A. Axison B. Martin anv J. 
C. SPEAKMAN 
Nonsilicate systems, Glass formation in. 


Note on the symmetry between electron and 
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Inorganic syntheses. Vol. III. First edi- 
tion. Lupwie F. Avuprists, EFditor- 


Introduction al estudio de la quimica nu- 
clear. Juan Sancno Gomez... 

Introduction to chemical enpinding ‘j= 
modynamics. J. M.Smrrs.. 

Introduction to chemical gulenen; Aa. 
Second edition, Wim1am H. Har- 


Introduction to molecular spectra, An. 
R. C. JoHNsON 

Introduction to biochemistry. 
Second revised edition. CATHERINE 


Introduction to practical organic chemistry, 
An. Second edition. R. V. V. Nicu- 


Introduction to caltbodinnitating, GERHART 
FRIEDLANDER AND JosePpH W. KeEN- 


ysis. 

Introduction to semimicro qualitative 
chemical analysis. Revised edition. 
Louis J. CurnTMAN 

Introduction to statistical mechanics. G. 
8. RuSHBROOKB.. vie oa od 

Introduction to statistical " mnochonien: 
Ronatp W. Gurney 

Introduction to the differential equations 
of physics. L. Horr 

Inventions, Chemical, and 
tents. First edition. 

THOMAS 
Ion exchange. Freperick C. Nacnop, 





Ionization chambers and countcrs: 
perimental techniques. Bruno Rosst 
AND Hans H. Straus 


Jan Ingenhousz—plant physiologist. With 
a history of the discovery of photosyn- 
thesis. No. 5/6 of vol. II of ‘‘Chronica 
Botanica.” Howarp S. Reep 


Kaourn clays and their industrial uses. J. 
M. Huser Corporation 

Kolloidchemie, Kurzes Lehrbuch der. B. 
JIRGENSONS AND M. STRAUMANIS 

Kurzes Lehrbuch der Kolloidchemie. 
JIRGENSONS AND M. StrRAUMANIS 


Lasoratory book of elementary organic 
chemistry, A. Third edition. ALex- 
ANDER Lowy anp WiLmMER E. Batp- 


Laboratory experiments in organic chemis- 
try. Fourth edition. Rogzr Apams 


Laboratory manual of biochemistry. Third 
edition, Bensamin Harrow, GILBERT 
C. H. Sronz, Harry Wacretcu, Er- 
NEST BorexK, AND ABRAHAM Mazur... 

Lecture experiments in chemistry. Third 
edition. G. Fowizs 

Lehrbuch der Chemie, Oberstufe. Rupour 


Luminescence of solids. Humnotpt W. 
LEVERENZ 


Luminescent materials. G. F. J. Garuicx. 


Marenrats engineering of metal products. 
Norman E. WotpMANn 

Medicinal products, organic, The chemistry 
of. Guenn L. Jenkins anp WALTER 
H. Hartune 

Mendeleev. The story of a great scientist. 
Dante Q. Postn 

Metal products, Materials engineering of. 
Norman E, WotpMAN 

Metallurgy for engineers. Second edition. 
E. C. Routason 

Metallurgy of miscellaneous materials, The 
chemistry and. Laurence L. QuiLt, 


ethyl ketone. Siand edition. 
Shell Chemical Corporation 
Microscope, The electron. D. Gasor 
Microscopy, Electron. Ratpo W. G. 


Modern chemistry. CHartes E. Dott, 
Wituram O. Brooxs, anp H. Ciarke 


Modern science teaching. Etwoop D. 
Heiss, Evutsworta 8. Osourn, AND 
Cuartes W. HorrMan.,...........+ 

Molecules and crystals in inorganic chemis- 
try. A. E. van ArxegL, Author. J.C. 
Swattow, Translator 


Nature of physical theory, The. 
BriIpGMAN 

Nature of the bacterial surface, The. 
Miuzs anv N. W. Prats, Editors 

New notation and enumeration system for 
organic compounds, A. Second edi- 
tion. G. Matcoum Dyson 

Nomograms, An index of. Doveras P. 


Nuclear species, Trilinear chart of. 
tram H. Sutiivan 


Onxeanic analysis, Quantitative, via func- 
tional groups. Srpney Srea1a 

Organic chemistry. G. Bryant Bacuman. 

Organic chemistry. Ray Q. Brewster... . 

Organic chemistry. Fourth English edi- 
tion. Paut Karreur, Author. A. J. 


Organic chemistry, A laboratory book of ele- 
mentary. Thirdedition. ALEXANDER 
Lowy anp Witmer E. BaLpwiINn 

Organic chemistry, Advanced. G. W. 


Organic chemistry, An introduction to prac- 
tical. Second edition. R. V. V. Nicx- 


Organic chemistry, Electronic interpreta- 
tions of. Second edition. A. Ep- 
warp ReMICcK 

Organic chemistry, Elsevier's encyclopedia 
of. Vol. 12B, naphthalene. Part I, 
hydrocarbons and halogen compounds. 
Part II, nitrogen compounds. F. 


Organic chemistry, Laboratory experiments 
in. Fourth edition. RoGgsr Apams 
AND Joun R. JoHNSON 

Organic chemistry, Physical methods of. 
Vol. I. Second edition. ARNOLD 
Wetsssercer, Editor. 


Part II: Technique for organic chem- 


Organic chemistry, Practical. Second edi- 
tion. J. J. Supsoroven anp T. 
CAMPBELL JAMES 

Organic chemistry, Principles and practice 
in, H.J.‘vcas anp D. Pressman... . 

Organic chemistry, Principles of. Jamzs 
Enauise, Jr., anD Harotp G. Cas- 


Organic chemistry, Principles of. 
Leo ABERNETHY 
Organic chemistry, Synthetic methods of, 
Vol. Il. W. Tuermaemer, Author. 
A. InGBERMAN, Translator 
Organic chemistry, Techniq 
II. ARrnotp WerssBerGeR, Editor... . 
Organic coatings in theory and practice. 





Organic compounds, A new notation and 
enumeration system for. Second edi- 
tion. G. Matcotm Dyson 

Organic practice, Simple. H. Mippieron. 

Organic reactions. Vol. V. Roger Apams, | 
Editor-in-Chief and collaborators 

Organic syntheses. Vol. 29. C. 8S. Hami- 
TON, Editor-in-Chief 

Outlines of biochemistry. Third edition. 
R. A. GortNEeR anp W. A. GorTNER, 


Outlines of food technology. Second edi- 
tion. Harry W. von Lopsecke 

Oxidation states, unfamiliar, and their 
stabilization. Jacos KLEINBERG 


Parent practice and management. Ros- 
ERT CALVERT 

Patents, chemical, and ch 1 inventions. 
First edition. Epwarp Tuomas 

Penicillin, The chemistry of. Hans T. 
Cuarke, Joun R. JoHNSON, AND SiR 
Roseert Rosinson 

Petroleum and its products. Wui..1am J. 





Phenomena, atoms, and molecules. Irvine 
LANGMUIR 

Photosynthesis, Jan Ingenhouss—plant 
physiologist. With a history of the 
discovery of. No. 5/6 of vol. II of 
“Chronica Botanica.” Howarp 8. Reep 

Physical chemistry for pr 1 students, 
fundamentals of. H. D. Crockxrorp 
anp Samvuet B. Knicat 

Physical chemistry of high polymeric sys- 
tems. Second edition. H. Marx anp 
A. V. Tosousky 

Physical chemistry of the hydrocarbons. 
Vol.I. Apauspert Farkas, Editor. ... 

Physical methods in chemical analysis. 
Vol.I. Watrer G. Bert, Editor 

Physical methods of organic chemistry. 
Vol. I. Second edition, ARNotp 
Weisssercer, Editor. 
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Physical principles of the quantum theory, 
The. Werner Hetsenserc, Author. 
Cart EckarT AND cera C. Horr, 


Physical world, The. Paunt McCor«te... 
Physical world, The study of the Second edi- 
tion. Nicuoutas D. Cuzronts, JAMES 
B. Parsons, anp Conrap E. Ronne- 


biochemistry, Introduction 
Second revised edition. CATHERINE 


Plant design, Chemical engineering. Third 
edition. Franx C, VILBRANDT 
Plant nutrition, Inorganic. D. R. Hoae- 


Plastics and high polymers, A chemistry of. 
Paraicx D. Rircute 

Plast , Elast sand. R. Houwin«, 
Editor. 
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Pocket encyclopedia of atomic energy. 
Frank Gaynor, Editor 

Practical organic chemistry. Second edi- 
tion. J. J. Supsoroves anp T. 
CAMPBELL JAMES 

Practical spectroscopy. Gsrorcs R. Har- 
RIsON, Ricuarp C. Lorp, AND JOHN 
R. Loorsovurow 

Practice of research in the chemical in- 
dustries, The. R.H. Grirrira 

Principles and practice in organic chemistry. 
H, J. Lucas anp D. PressMaAn 

Principles of organic chemistry. JAamEs 
Enauisa, Jr., AND Haroutp G. Cas- 


Principles of organic chemistry. JouNn 
Leo ABERNETHY 


Quvairative analysis, Elementary. Bruce 
E. Harrsvucn 

Qualitative analysis, Introduction to semi- 
micro. C. H. Sorum 

Qualitative analysis, Semimicro: a non- 
hydrogen sulfide system. Jacos Cor- 
noc, Author. Herman T. Briscoe, 


Quantitative analysis, Inorganic. CARROLL 
Warp.iaw GRIFFIN 

Quantitative chemical analysis. Gzores 
L. Cruarx, Leonarp K. Nasu, AND 
Rosert B. FiscHer 

Quantitative organic analysis via func- 
tional groups. Srpney Siecra 

Quantum mechanics, The theory of groups 
and. Herman Weyt, Author. H. P. 
RosBeErtTson, Translator 

Quantum theory, The physicai principles of 
the. WerrNeR HEISENBERG, Author. 
Cart Ecxart AND Frank C. Hoyt, 
Translators 

Quimica nuclear, Introduction al estudio de 
la. Juan SancHo Gomez............ 

Quimica organica, Tratado de. First edi- 
tion. Vol. I. Parts II and III. 
po a ere 


Raproactive tracer techniques. Gero. K. 
ScHWEITZER AND Ira B. WHITNEY 
Radiochemistry, Introduction to. Gur- 

HART FRIEDLANDER AND JOSEPH W. 
KENNEDY 
Recent advances in analytical chemistry: 
frontiers in chemistry. Vol. II. R. E. 
Burk AND OLIVER GRUMMITT 
Reckoner, The scientists’ ready. W. 
ON 6.5. Si-nienteetsibe ebedeve ohh 
Research in the chemical industries, The 
practice of. R.H. Grirriru 
Rheology, theoretical, Twelve lectures 
Second edition. Markus REINER.... 


Scrence and civilization. Robert 
Sraurrer, Editor 

Science of chemistry, The. Grorar 
Warr anv Lewis F. Hatcu 

Scientific autobiography and other papers. 
Max Puanck, Author. FRANK Gay- 
nor, Translator 

Scientists’ ready reckoner, The. 


Semimicro qualitative analysis: a nonhydro- 
gen sulfide system. Jacos Cornoa, 
Author. Herman T. Briscoe, Editor 

Semimicro qualitative chemical analysis, 
Introduction to. Revised edition. 
Lotis J. CurtmMan 

Separation of gases, The. Second edition. 
M. RuHEMANN 

Simple organic practice. H. Mrippieron... 

Solutions, dilute aqueous, Thermodynamics 


.of. M,. J. N. Pourparx, Author. 
N. Acar, Translator 
Solvents. Sixth edition. Tuomas H. 


Source book in Greek science, A. Morris 
R. Conen anv I. E. DraBxin 

Spectra, molecular, An introducti 
COPS 5 hee es 

Spectrophotometry, Absorption. G. F. 





Spectroscopy, Practical. Grorce R. Har- 
RISsON, RicwHarp C. Lorp, aNp JouHN R. 
LoorsovuROow 

Statistical mechanics, Introduction to. G. 
8. RusHBRooKke 

Statistical mechanics, Introduction to. 
Ronaup W. Gurney 

Statistical methods in research and produc- 
tion. Second edition. Owen L. 
Davies, Editor. 

Strength of plastics and glass. R. N. 


Structures, organic, Infrared determination 
of. H. M. Ranpauu, Neuson Fuson, 
R. G. Fowuer, anp J. R. Dane 

Study of the physical world, The. Second 
edition, Nicnotas D. CuHERONIS, 
James B. Parsons, AND Conran E. 
RONNEBERG 

Sugar, its production, technology, and uses. 
AnprREw Van Hoox 

Surface chemistry. Edited 
Farapay Soctery. 

Surfaces, Thin films and. WuInIFRED 


Synthetic methods of organic chemistry, 
Vol. II. W. THemHetmmer, Author. 
A. InaBEeRMAN, Translator 

Synthetic polymer technology, Fundamen- 
tals of. R. Houwtnx 

Synthetische Methoden der organischer 
Chemie, Repertorium III. W. Txer- 


Taster making. Antuur Litre anp K. 
A. MircHe.u 

Teaching, Modern science. Exuwoop D. 
Hetss, Ertswortse 8. Osourn, AND 
Cuaries W. HorrmMan 

Technique of organic chemistry, Vol. III. 
ARNOLD WEISSBERGER, Editor 

Techniques of histo- and cytochemistry. 
Davin Guick 

Textbook of biochemistry. Fifth edition. 
BENJAMIN Harrow 

Theory of groups and quantum mechanics, 
The. Hermann Wevyt, Author. H. 
P. Rosertson, Translator 

Thermodynamic charts for combustion 
processes. H.C. Horret, G. C. Wi1- 
LIAMS, AND C, N. SATTERFIELD 

Thermodynamics. An advanced treat- 
ment for chemists and physicists. E. 
A. Guaecennem, Author, H. B. G. 
Casmir, AND N. BrRInkKMAN, Editors.... 

Thermodynamics, chemical engineering, In- 
troduction to. J. M. Smira 

Thermodynamics of dilute aqueous solu- 
tions. M. J. N. Poursarx, Author. 
J. N. Aaar, Translator 

Thermodynamik, Chemische, eine LEin- 
fihrung in ihre Grundprinzipien. 
Eaticu Lance 

Thin films and surfaces. Wt1nirrep Lewis. 

Third symposium on combustion, flame, 
and expi ph BERNARD 
Lewis, Horr C. Horret, anv A. J. 





Thyroidology, Chemical development in. 
Wiu1aM T. SauTrer 
Tin. C. L. Manre.i 


JOURNAL OF CHEMICAL EDUCATION 
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Toxicology, Industrial hygiene and. Vol. 
II. Franx A. Parry, Editor 

Tracer techniques, Radioactive. 
ScHWEITZEK AND Ina B. WuITNEY 

Tratado de quimica organica. 
tion. Vol. I. Parts II and III. En- 
RIQUE V., ZAPPI 

Trilinear chart of nuclear species. Wr- 
tram H. Suitvan 

Twelve lectures on theoretical rheology. 
Second edition. Markus REIner.... 


Unrammiar oxidation states and their 
stabilization. Jacos KLeInBERG 

Use of chemical tests for alcohol in traffic 
law enforcement, The. Guenn C. 
ForRESsTER 


Vacuum equipment and techniques. A. 
GuTnriz anp R. K. WakERLING, 


Variability in recognizing science inquiry. 
An analysis of high school science text- 


Authors 


Asernetay, Joun Leo. Principles of or- 
ganic chemistry 
Apams, Dovatas P., Editor. An index of 


Apams, Roaer, Editor-in-Chief. Organic 
reactions. Vol. V 

Apams, Rocer, AND JoHN R. JoHNsoN. 
Laboratory experiments in organic 
chemistry. Fourth edition........... 

Atssrty, Rospert A.—See Danrets, Far- 


BINGTON ; 
AvuprietH, Lupwie F., Editor-in-Chief. 
Inorganic syntheses. Vol. III 


Bacuman, G. Bryant. Organic chemistry 

Batpwin, Wiumer, E.—See Lowy, ALEX 
ANDER 

BarkspALe, JeELKs. Titanium 

Benper, Pavt—See Danrets, FARRINGTON 

Brerxevey, Epmunp Cauuis. Giant brains 
or machines that think............... 

Bert, Watter G., #ditor. Physical meth- 
ods in chemical analysis. 

Biertow, Maurice H.—See CopeNnHAVER, 
Joun W. 

Buatt, Autsert Harotp—See Conant, 
James BYRANT 

Buiom, A. V. Organic coatings in theory 
and practice 

Borex, Ernest—See Harrow, BENJAMIN 

Brewster, RayQ. Organic chemistry... . 

Bripeman, P. W. The nature of physical 
SEG Gae shit cers cet ees cs eeeees 4 

Brooks, Wrii1am O.—See Dui, CHARLES 
E. 

Burk, R. E., anp Outver Gromitr. Re. 
cent advances in analytical chemistry: 
frontiersin chemistry. Vol. VII 


Catvert, Roserr. Patent practice and 

management 
RNEY, THomas P. Laboratory frac- 
tional distillation 

Carter, C. W., ann R. H. S. THompson. 
Biochemistry in relation to medicine. . . 

Casstpy, Harotp G.—See ENGuisH, JAMES, 
Jr. 

Cuerronis, Nicnoutas D., James B. Par- 
80NS, AND Conrap E. RoONNEBERG. 
The study of the physical world. Sec- 
ond edition 
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cLaRK, GEORGE L., Lzonarp K. Nash, AND 
Rospert B. Fiscuer. Quantitative 
chemical analysis 

Cuarke, Hans T., Joun R. JOHNSON, AND 
Sir Ropert Rosinson, Editors. The 
chemistry of penicillin 

ConeN, Morris R., anp I. E. Drapxrn. 
source book in Greek science 

Conant, JAMES ByYRANT, AND ALBERT 
Harotp Buartr. Fundamentals of 
organic chemistry 

CopENHAVER, JoHN W., AND Maurice H. 
BIGELOW. Acetylene and cerbon 
monoxide chemistry 

Cornoc, Jacos, Author, Herman T. 
Briscog, Editor. Semimicro qualita- 
tive analysis: a nonhydrogen system. . 

Crarts, WALTER, AND Joun L. Lamont. 
Hardenability and steel selection 

Crocxrorb, H. D., anp Samvuet B. Kniaur. 
Fundamentals of physical chemistry for 
premedical students 

Currter, ARNOLD J. General and applied 
chemistry 

CurtMaN, Lours J. Introduction to semi- 
micro qualitative chemical analysis. 
Revised edition 


Danat, J. R.—See Ranpatu, H. M. 

DanieELs, FarRineton, JosepH Howarp 
Martuews, JoHN WaRREN WILLIAMS, 
Paut Benper, George W. Murpny, 
aND Rospert A. Auperty. Experi- 
mental physical chemistry. Fourth 


Davipson, ARTHUR W.—See Sister, Harry 
H. 

Davies, Owen L., Editor. Statistical 
methods in research and production. 
Second edition 

Davis, Tenney L., Editor-in-Chief. Chy- 
mia, Vol. II 

Day, ALLAN R. Electronic mechanisms of 
organic reactions 

DeTurkx, E. E., Editor. Freedom from 


DraBkin, I. E.—See Conen, Morais R. 

Dutt, Cuartes E., Wittram O. Brooks, 
anp H, Cuarke Mercatre. Modern 
chemistry 

Denans, Tomas H. Solvents. Sixth 


Dysen, G. Matcotm. A new notation and 
enumeration system for organic com- 
pounds. Second edition 


E:xins, Hervey B. The chemistry of in- 
dustrial toxicology 

Encuisn, JAMES, JR., AND Harotp G. Cas- 
sipy, Principles of organic chemistry. 


Farkas, Apatpert, Editor. Physical 
chemistry of the hydrocarbons, Vol. 1. . 

Finx, Ropert M., Editor. Biological stud- 
ies with polonium, radium, and pluton- 
lum 

Fiscuer, Ropert B.—See CLark, GEorGE 
L. 

FirosporF, Eant W. Freeze-drying 

Forrester, GLENN C. The use of chemi- 
cal testsfor alcohol in traffic law en- 
forcement. 

Foster, Jackson W. Chemical activities 
of fungi 

Fow.er, R. G.—See RanpAuL, H. M. 

Fow.es, G. Lecture experiments in chem- 
istry. Third edition with supplement. 

Francis, CHARLOTTE, AND Epna C. Morse. 
Fundamentals of chemistry and ap- 
plications 

FRIEDLANDER, GERHART, AND JosePH W. 
Kennepy. Introduction to _ radio- 
chemistry 


Fuson, Newtson—See RANDAuL, H. M. 


Gasor, D. The electron microscope 

Garuicx, G. F. J. Luminescent materials. 

Gaynor, Frank, Editor. Pocket encyclo- 
pedia of atomic energy. 

Gisurn, J. C. Qualitative and volumetric 


Guricx, Davip. Techniques of bisto- and 
cytochemistry 

Gotoms, MICHAEL, AND MERRILL SHANKS. 
Elements of ordinary differential equa- 
tions. First edition 

Gomez, Juan Sancuo. Introduction al 
estudio de la quf{mica nuclear 

Gorrtner, R. A., ano W. A. Gorntner, Edi- 
tors. Outlines of biochemistry. Third 


Gortner, W. A.—See Gortner, R. A. 

Grirrin, CARROLL WarpLaw. Inorganic 
quantitative analysis 

Gairrirs, R. H. The practice of research 
in the chemical industries 

Grumirr, Otiver—See Burk, R. E. 

Guecenuetm, E. A., Author. H. B. G. 
Casmirn AND H. Brinkman, Editors. 
Thermodynamics. An advanced treat- 
ment for chemists and physicists 

Gurney, Ronatp W. Introduction to sta- 
tistical mechanics 

Gurune, A., anp R. K. Waxeruine, Edi- 

Vacuum equipment and tech- 


Hackney, J. C. Calculations in general 
chemistry 

Hace, Gunnar, Author. H. Bauman, 
Translator. Die theoretischen Grund- 
lagen der analytischen Chemie 

Hamitron, C. 8., Editor-in-Chief. Organic 
syntheses, Vol. 29 

Harrison, Georce R., Ricnarp C. Lorp, 
AND Joun R. Loorsourow. Practical 
spectroscopy 

Harrow, Benjamin. Textbook of bio- 
chemistry. Fifth edition 

Harrow, Bensamin, Giupert C. H. Stone, 
Harry WacGreicn, Ernest Borex, 
AND ABRAHAM Mazur. Laboratory 
manual of biichemistry. Third edi- 


Hartsvucn, Bruce E. Elenientary quali- 
tative analysis 

Hartune, Watter H.—See Jenkins, 
Gusenn L. 

Harcu, Lewis F.—See Watt, Georce W. 

Mareen, Wiuuram H. An introduction to 

i sci 8 d edition 
Hawarp, R. N. Strength of plastics and 





HEISENBERG, WERNER, Author. Cart Ec- 
KART AND Frank C. Hoyt, Transla- 
tors. The physical principles of the 
quantum theory 


‘Heiss, E:woop D., Ettsworts 8S. Osourn, 


AND Cuarites W. Horrman. Modern 
science teaching 

Herrick, H. T.—See Invine, G. W. 

Hoaatanp, D. R. Inorganic plant nutri- 
tion. Second edition 

HorrmMan, Cuartes W.—See Hetss, Et- 
woop D. 

Homes, H. L.—See Manaxez, R. H. F. 

Horr, L. Introduction to the differential 
equations of physics 

Horret, H. C., G. C. WiiuraMs, anp C, N. 
SaTreRFIELD. Thermodynamic charts 
for b 

Horret, Hort C.—See Lewis, BeRNARD 

Houwnx, R.« Editor. Elastomers and 
plastomers. 
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Fundamentals of synthetic polymer tech- 


Huser, J. M., Corporation. Kaolin clays 
and their industrial uses 


Ipazustam, S. S.—See SrepHen, H. 
Invinc, G. W., ann H. T. Herrick, Edi- 
tors. Antibiotics. . 


Jacosson, C. A., Compiler and Editor. En- 
cy i ical reactions. Vol. 





Jaxos, Max. Heat transfer. 

James, T. Campspett—See Supsoroven, 
J. J. 

Jenxins, GLENN L., AND Watrer H. Har- 
tuna. The chemistry of organic medic- 
inal products. Third edition 

Jrrcensons, B., anp M. SrravuManis. 
Kurzes Lehrbuch der Kolloidchemie. . . 

Jounson, JoHn R.—See Apams, Rocer; 
Cuiarke, Hins T. 

Jounson, R.C. An introduction to molec- 
ular spectra 


Karrer, Pavt, Author. A.J. Mes, Trans- 
lator. Organic chemistry. Fourth 
English edition. . 

Kaye, JoserpHu—See Keenan, Joenra H. 

Keenan, Josepx H., anp JosepH Kaye. 
Gas tables 

Kennepy, JosepHh W.—See FRIEDLANDER, 
GERHART 

Kirk, Rayrmonp E., anp Donatp F. Orn- 
MER, Editors. Janet D. Scott anp 
AnTHoNny STANDEN, Assistant Editors. 
Encyclopedia of chemical technology. 
Vol. IV: Cineole to dextrose. . 

KuernserG, Jacos. Unfamiliar suidetion 
states and their stabilization 

Knicut, Samuet B.—See Crockrorp, 
H. D. 

Krovrt, H. R., and six collaborators. Colloid 
science. Vol. II 


Lamont, Joun L.—See Crarrs, WALTER 

Lampkin, Ricuarp H. Variability in rec- 
ognizing science inquiry. An analysis 
of high-school science textbooks 

Lance, Ericn. Chemische Thermody- 
namik, eine Einfihrung in ihre Grund- 
prinzipien 

Lance, Norpert Apoupx, Compiler and 
Editor, anv Gorpon M. Forker, As- 
sistant. Handbook of chemistry. . 

Lanemutr, Irving. Phenomena, atoms, 
and molecules 

Leverenz, Humpoipt W. Leminescence 


Lewis, Bernarp, Hort C. Horre., anp A. 
J. Nerap, Editors. Third symposium 
on combustion, flame, and explosion 
phenomena 

Lewis, Winirrep. The light metals in- 


Lirrite, ArtTaur, anp K. A. MitcHe cu. 
Tablet making 

Lonspaue, K. Crystsl and X-rays 

Loorsovrow, Joun R.—See Harrison, 
Gerorce R. 

Lorp, Ricnarp C.—See Harnison, GeorGe 
R. 

Lorman, G. F. Absorption spectropho- 


Lowy, ALEXANDER, AND Witmer E. Batp- 
win. A laboratory book of elementary 
organic chemistry. Third edition..... 

Lucas, H. J., any D. Pressman. Princi- 
ples and practice in organic chemistry. . 


Mann, Freperice Gzoror, Author. Ar- 
NOLD WerssperGer, Consulting Editor 
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The heterocyclic derivatives of phos- 
phorus, arsenic, antimony, bismuth, 
and silicon 

Mansxs, R. H. F., ann H. 
Editors. The alkaloids. 

Mante.t,C.L. Tin 

Mark, H., anp A. V. Topousxy. Pbysical 
chemistry of high polymeric systems. 
Second edition 

Matsews, Josrpx Howarp—See DANIELS, 
FARRINGTON 

Maxwett, J. B. Data book on hydrocar- 


L. Houmess, 
Vol. I 


Mazur, Apranam—Sce Hakrow, Bansa- 
MIN 

McCork.z, Paut. The physical world.... 

Metion, M. G., Editor. Analytical ab- 
sorption spectroscopy 

Mertcatre, H. Cuiarxe—See 
Cuarues E. 

Miaut, L. Macxenzins—See Miauu, Ste- 
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Since this is not only the beginning of the new year 
but also of the second half of the twentieth century, the 
occasion perhaps demands something special in the way 
of thinking. The Problem of the Year is the same which 
was with us last year and the year before that, and 
seems likely to be with us for some years to come, as it 
has for many years in the past. Nevertheless, it is be- 
coming so acute that, like a rising note in a piece of 
vibrating machinery, it is rapidly drowning out all 
others. It is the problem of fitting the individual into 
the group, in many ways the central problem of all edu- 
cation and certainly today the most vital economic and 
political sore-spot. 

The fundamental background seems so clear that 
anyone should be able to construct it. The historical 
development of individual rights, powers, and privileges 
has gone on to the point where they have begun to clash 
with each other intolerably. Technological and other 
advances have given enormous powers to those rela- 
tively few who have been able to seize control. This 
control, motivated by the normal incentives of “free 
enterprise,” has increased the total wealth of the world 
enormously, raised the standard of living, and brought 
certain parts of the world—like our own—into domi- 
nance. To those who do not have the control the bene- 
fits are incidental, although no doubt very substantial. 
The extent to which technological advances have been 
consciously exploited in the interest’ of “the masses” 
has been a very much debated question. Increasing 
industrialization changed the whole manner of life of 
many people, actually bringing some into a condition of 
virtual “economic slavery.”” What this condition, even 
ameliorated by a higher standard of living, can do to the 
sum total of human happiness is, of course, something 
which cannot be measured. 

Searcely did this situation develop before a social 
revolution began, partly a mere class war between the 
“haves” and the “have nots,” and partly based upon 
less personal motives. This revolution has been going 
on for some time and fills the whole economic and a 


large part of the political picture. It would be impos- 
sible to go into the tactics and strategy of this struggle. 
Indeed, this little summary of its background is un- 
doubtedly incomplete and inadequate, but it is intended 
to be at least impartial. 

It is too much to suppose that we can sit down and 
work out a solution. Nevertheless, unless there is a good 
deal of thinking about the problem solutions may be 
fortuitous. It seems clear to me that we must not run 
to extremes. On the one hand, the good old days of 
rugged individualism are as dead as the bones of Egypt. 
There must be some form of social insurance, but it 
must not sacrifice the incentive of opportunity. It will 
be a sad day when the individual challenge of adventure 
succumbs to the complacency of social security. We 
must learn to make new combinations and develop new 
forms of social organization. 

How real is the danger that we may lose our indi- 
vidual identity in a welter of collectivism? We have 
taken some steps in that direction; how much further 
are we to go? If it is the price we must pay for security 
let us decide which we want the more. It is interesting 
to observe how this works out in real cases. The de- 
velopment of economic collectivism seems always to be 
accompanied by political absolutism. Fewer and fewer 
men tell more and more what is supposed to be better 
and better for them! The fact that an extensive eco- 
nomic collectivism is apparently incompatible with a 
wide base of political power (democracy) again makes 
one wonder which he really wants. 

After all, we are individuals and it would be pretty 
hard not to be. It is at least doubtful that Nature 
intended us to be anything else. Some of the lower 
forms of life, to be sure, propagate their young in collec- 
tive masses of hundreds or thousands at a time, but in 
the human species it is an individual matter (forgetting 
about the Quintuplets, of course!). And, barring mass 
accidents, we die one at a time. 


(Continued on page 3) 





WOLFGANG PAULI 


Own SepreMBER 11, 1949, Wolfgang Pauli, formerly 
professor at the University of Vienna and one of the 
world’s leading colloid chemists, celebrated his 80th 
birthday at Zurich, Switzerland. 

Born at Prague (at that time a city of the Austrian 
empire) Pauli received his degree (M.D.) from the 
German University of his native city in 1892. Many 
will be surprised to learn that at the start of his profes- 
sional career he divided his time between his office as 
an internist and the scientific laboratory. Later, in 
Vienna, he was known as an outstanding diagnostician, 
but he, nevertheless, gave up his successful medical 
practice to devote himself exclusively to science. 

At Prague, Pauli had two great teachers who mark- 
edly influenced his scientific methods: the physicist- 
philosopher Ernst Mach and the physiological chemist 
Franz Hofmeister. Pauli’s first paper came from Hof- 
meister’s laboratory in 1892; it dealt with proteins. 
From then to the present, an amazing period of 57 
years, he has unflaggingly pursued the objective he set 
for himself at that time: the elucidation by physico- 
chemical means of the behavior of proteins. 

In this same year, 1892, Pauli accepted a research 
assistantship at the University of Vienna. He, like 
many others, succumbed to the charms of the old 
“‘Kaiserstadt,’”’ and although attractive offers came 
after his reputation was established, he remained in 
Vienna until 1939, when the Nazi invasion of Austria 
forced him into exile. 

His career at the University of Vienna followed the 
usual pattern: Privatdozent (instructor), 1898; Aus- 
serordentlicher (associate) Professor, 1907; Ordinarius 
(full professor), 1922. However, research rather than 
teaching constituted the bulk of his activities. In 1903 
he was appointed to the headship of the physicochemical 
department of the Biological Experimental Station; 
in 1913 he was made Director of the Institute of Phys- 
ico-Chemical Biology; in 1922 he became Director of 
the Institute of Medical Colloid Chemistry. The latter 
two institutes were newly created for him. The facilities 
of the Institute of Physico-Chemical Biology were quite 
modest, but Pauli’s achievements there brought the 
laboratory world-wide prestige. When distinguished 
visitors expressed surprise at finding his quarters in the 
basement of the anatomy department, Pauli hastened 
to point out the specific advantages of this location for 
physical measurements: fairly constant temperature 
and freedom from vibrations. Pauli’s laboratories have 
always been filled to capacity with doctorate candidates 
and research workers from all parts of the world, most 
of them holding fellowships for one or two years. 


EMERY I. VALKO 
Mountain Lakes, New Jersey 


The record of Pauli’s work is contained mainly in the 
several hundred papers that he has published in the 
Kolloid Zeitschrift, Biochemisthe Zeitschrift, and numer- 
ous other periodicals. Most of the papers also bear the 
names of his pupils and collaborators. No detailed 
account of his achievements can be given here, but their 
scope can be indicated. Practically every chapter of 
the physical chemistry of proteins has been enriched 
by his fundamental contributions. One of his earliest 
papers contained the observation that increasing hydro- 
gen ion concentration can bring about reversal of the 
direction of the cataphoretic migration of native pro- 
teins. He was also the first to observe the phenomenon 
of minimum viscosity and stability of proteins at the 
isoelectric point. He has made significant contributions 
to the study of osmotic pressure, ionization, optical 
rotation, swelling, and colloidal protective action of 
proteins. All of these form parts of his chief endeavor: 
the establishment of the correlation between the 
physicochemical! (colloid) behavior of proteins and their 
chemical constitution. At the outset, Pauli’s ideas 
were regarded as heretical and daring, but his own 
brilliant results as well as the recent development of 
high polymer chemistry have substantiated his ideas. 

As his work proceeded he became increasingly aware 
of the analogy between the electrochemical behavior 
of proteins and inorganic colloid sols. Around 1917 he 
embarked on a new venture which occupied his chief 
interest for a long time and which found expression in 
his ‘“‘Contributions to General Colloid Chemistry.” 
In the course of about 15 years he reformed, to a large 
extent, the current conception of colloids, courageously 
opposing the prevailing trends and defending his 
heterodox ideas in the face of heated criticism. The 
Pauli theory is based on the assumption that the elec- 
trical charge of the colloid particles is due to electro- 
lytic dissociation of complex compounds bound chem- 
ically to the surface. Thus the purely formal concep- 
tion of ionic adsorption and electric double layer is re- 
placed or augmented by a constitutive point of view. 
Electrochemically, the charged colloid particles are 
regarded as polyvalent ions of high molecular weight. 
With his collaborators, Pauli studied the colloidal dis- 
persions of metal oxides, noble metals, silica, sulfur, 
sulfides, etc., demonstrating again and again the exist- 
ence and significance of “‘ionogenic complexes.” His 
views have now found quite general acceptance. 

In the course of his studies he developed a number 
of original methods. His electrophoretic apparatus 
(devised with Landsteiner) became the prototype of 
many others. His electrodialytic and electrodecanta- 
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tion (electrophoresis-convection) methods. are being 
used more and more. It is interesting to note that one 
of the few German words frequently used in English 
publications on colloid science was coined by Pauli. 
This term “gegenions” denotes ions having charges 
opposite to and compensating the charges of the colloid 
ion. Pauli and his associates also studied the physical 
chemistry of plant colloids. Examples are starch (with 
M. Samec), pectin, agar, alginic acid, gum arabic. 

Two of Pauli’s books have been translated into Eng- 
lish. They are ‘Physical Chemistry in the Service of 
Medicine” (translated by Martin H. Fisher), New 
York, 1907, and “Colloid Chemistry of Proteins” 
(translated by P. C. L. Thorne), first edition, London 
and Philadelphia, 1922. Two others have appeared 
in German only: ‘‘Elektrochemie der Kolloide’’ (with 
E. Valko), Berlin, 1929, and “‘Kolloidchemie der Ei- 
weisskérper” (with E. Valko), revised 2nd edition, 
Dresden-Leipzig, 1933. 

Professor Pauli has been more than an inspiring 
teacher; he has always had a genuine watchful interest 
in the welfare of his students. They found him ever 
ready to give them not only the benefit of his fatherly 


advice, based on his deep understanding of human 
nature, but also his active help whenever possible. 

Though chemistry is Wolfgang Pauli’s chief interest, 
it does not monopolize his attention. He has a keen 
appreciation of the beauties of nature and art. He does 
not have to go outside the circle of his family to satisfy 
his interest in art and science. His wife, Marie Rottler 
Pauli, is an eminent sculptress with marked creative 
originality. Both of his children by his first marriage 
have made names for themselves. His daughter, 
Hertha Pauli, who lives in this country, is a well-known 
author of novels and stories for young people. His son, 
Wolfgang Pauli, Jr., a Nobel Prize man in 1945, is an 
international figure in the field of theoretical physics, 
best known for his ‘exclusion principle.” 

For many years, the elder Wolfgang Pauli found his 
greatest relaxation in long walks over the mountainous 
paths of the Alps, preferably at a pace which kept 
much younger companions panting. Even now, when 
he can look back on more than three quarters of a 
century of active living, he retains undiminished vigor 
of body, mind, and spirit, as evidenced by lectures 
given and his recent papers in Helvetica Chimica Acta. 


Editor’s Outlook 
(Continued from page 1) 


This talk of social philosophy is not completely 
pointless, even in our more immediate field. Fitting the 
individual into the group is also a problem in scientific 
and technical education. Perhaps solutions in this 
more restricted field may have even wider applications. 

Individual craftsmen have almost disappeared in 
certain industries. Assembly-line methods of all sorts 
have replaced individual hand operations. Many men 
must cooperate, sometimes very intricately, in turning 
out the final product. While there is a certain element 
lost when a man no longer has the satisfaction of in- 
dividual creation, still, perhaps as much pride can be 
taken in the cooperative effort. 

Even the lot of the individual research man has 
changed considerably. Ideas come to the individual 
mind, and probably always will, but a whole team of 
such individual minds, each sparkling to its own inner 
stimuli, is in the long run enormously more effective. 
And that is how most research is being carried out 
today. 

There is something about scientific research which 
makes me think that as a vocation it will be largely im- 
mune to the possible ills of collectivism. A whole firma- 


ment of dim lights is less illuminating than a few planets 


_and low-magnitude stars. We must see that our educa- 


tional processes encourage the latter. 

We propose to deal with the problem of fitting the 
individual young chemist into the industrial group, in a 
series of articles on “Employment Policies and Prac- 
tices in American Organizations,”’, to begin in our 
February issue. By way of introduction to this series 
we present this month the article by Frank J. Curtis on 
“Business Organization and Administration in the 
Chemical Industry,” which is itself the first of four 
similar articles. 

In each of the new series of articles the employment 
policies and practices of some one employer will be 
dealt with. From this series we hope that young 
graduates, about to start their industrial chemical 
careers, will learn just what is ahead of them and, in 
rather intimate fashion, how different organizations 
handle their new employees. A number of diversified 
industries will be represented and comparisons will in- 
evitably be drawn. This series of articles is in a sense a 
companion to our earlier series, “Chemical Education in 
American Institutions.” 





THE RISE OF INDUSTRIAL RESEARCH AND 
ITS MANAGEMENT 
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tive leaders. 





Around industrial research are crystallized innumerable successes, 
the fame of which is reflected upon it. 
search contains many elements derived from industrial administra- 
tion, partly latent in solution, partly evident in operative form. 
dustrial research management is constantly rising, is capable of high 
refinement because it is concerned with professional groups of scien- 
tists and their devotion to discovery for human good. Like the rest 
of the industrial realm, industrial research is in need of administra- 
To gain them its management must study its executive 
problemsand must seek, findand develop executive talent scientifically. 


The management of this re- 


In- 








Tisousrriat research has for its purpose the assimila- 
tion into technology of the principles evolved through 
experiment and systematic observation in scientific 
laboratories. It does not necessarily differ from pure 
research in methods or practices. Industrial research 
came to be recognized when it ceased being a poor rela- 
tive of pure research and entered its territory in its own 
right. As industrial research has grown since then, 
demonstrating that this research, properly conducted, 
is a good investment, it has given more and more sup- 
port to pure research, and is constantly on the alert for 
more substantial means of aiding the latter, realizing its 
human value and professional worth in devising experi- 
mental procedures and in effecting cardinal discoveries. 
In consequence many companies sustain such basic in- 
vestigation in their own or institutional laboratories. 
Every piece of industrial research would be weak in- 
deed were it not for the groundwork of pure science in- 
investigation, the availability of underlying facts and 
methods. 

Industrial research is dedicated to attain those ag- 
gregated hopes of utility that emanate from fundamen- 
tal scientific accomplishments. This research, which 
has become the major way in complex industrial life to 
meet demands for the betterment of production and for 
the development of new products, is always humanitar- 
ian in motive: sentiment and humanistic imagination 
as well as vital thought are essential to keep its action 
pliant to its activities. Industrial research can always 
be facilitated by environing it in a suitable organiza- 
tion where all its elements will intermesh smoothly. 
Close to fifteen years ago industrial research reached a 
new stage of maturity when biology, physics, and math- 
ematics joined chemistry, chemical engineering, ceram- 
ics, and metallurgy in its fold. Since then it has be- 


come usual for company presidents to give space to re- 
search in their annual reports. About $600 million is 
being spent annually in supporting research by Ameri- 
can industries. This research is diffusely ramified, ex- 
tending everywhere and touching everything in the 
manufactures. 

Industrial research is a means of societal adjustment. 
It has had strong development because of its services to 
mankind. Science has shown it can slow up social 
changes that take place too rapidly, can accelerate 
changes that lag. Improvement in technology as a 
main line of advancement must strengthen the founda- 
tions of society. Research results—discoveries and in- 


_ ventions—bring changes in the economic organization 


4 


and social habits associated with them. Thus corpora- 
tions, plants, and technical groups have come about in 
response to industrial developments through research. 
Thus have been derived beneficial changes in education 
and the family. Problems of the industrial community, 
such as air and water pollution, with theiv many scien- 
tific aspects, constitute a well-known field ‘hat is being 
tilled researchfully so as to enable sufficient control. 
The home is geared to technology, which determines 
where we live; service industries are linked to the home. 
An entire nation has become closely bound together 
like the old-time village; communication and transpor- 
tation of various kinds are now executed speedily. 
Atomic energy is a great force that is beginning to pene- 
trate the societal framework. Research and invention 
cause in every decade a heavy impact on society, bring- 
ing forth a stream of social effects and alterations.’ 
Whatever happens to technology affects all of us. As 





1 Hamor, W. A., ‘“‘The role of scientific research in human re- 
lations,’’ Advanced Management, 13, 131 (September, 1948). 
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research and invention proceed they create more, bet- 
ter, safer, and healthier jobs. 


THE SPIRIT AND STRUCTURE OF RESEARCH 


There is an animating and inspiring influence that 
pervades and tempers the thought and work of re- 
searchists to a characterizing extent. This paramount 
principle, which imparts soul to action, can be ab- 
stracted as the spirit of all men of scientific research in 
their quests for new knowledge. It is sustained not by 
dried fruits of the past but by the stimulating food of 
novelty. In science newness is supreme. It incites 
productive effort and elevates human service. This 
spirit has established a methodology that has become a 
habit of mind. Exact thinking in other professions and 
especially in industrial management has added much to 
this result and to the breadth, solidarity, and precision 
of scientific research. But professional group attach- 
ment derived from motivational and emotional condi- 
tions has given research its structure. In scientific so- 
cieties the appreciation of common aims and the proc- 
ess of professional identification evolve and render sub- 
stantial feelings of aspiration, unison, and loyalty. 

Knit together by meetings and periodicals of such 
organizations, scientists have become associated with 
the group symbols, values, and leaders. They thus 
share the influence of their professional societies, and 
see in a clear light the importance of human relations 
and scientific cooperation. They are aided toward an 
experience of success in self- and joint-expression. Pro- 
fessional societies enable the transmission of news and 
ideas; they strengthen the bonds among scientists and, 
through them, among institutions and industries. It is 
only by collaboration that scientists find full gratifica- 
tion. Many research directors have been advanced to 
posts in top industrial management because of their 
superiority in promoting cooperation with others 
through their knowledge of scientific and technologic 
objectives and of professional personnel. The training 
of an applied scientist can provide a sound basis for 
managemental responsibilities. With administrative 
attributes and experience he can become well qualified 
for a position of leadership. Inquiry has revealed that 
some fifty large companies of our nation have scientists 
or engineers in high executive posts. 

In attacking a problem entrusted to him a researchist 
first decides what he ought to know, then what he ought 
to do. In research thorough study and reflection pre- 
cede inspiration and its application by experimental 
methods. The problem may not be solvable even with 
the highest competence and perseverance and with the 
best of support and facilities. Certainly it cannot be 
rightly contended that science is able to explain every 
phenomenon of nature. The inexplicable, however, 
can often be recognized well in advance of experimenta- 
tion. It needs constantly to be borne in mind, of course, 
that some great contributions have come from scientists 
who refused to regard certain phenomena as incapable 
of explanation. The existing scientific knowledge and 
its correct interpretation usually display much in a cal- 


culation of the satisfying nature and end of a research. 
Scientific investigation is systematic and its findings 
are dependent upon antecedent conditions, are links in 
the chain of planned research. 

Research is generally undertaken that has better 
arguments producible for it than can be brought against 
it. For success this research depends upon gaining new 
data and upon solving unknown experimental factors. 
Seldom is it a gamble owing to the preliminary examina- 
tion of the problem. In planning investigational proj- 
ects, scientific scrutiny and research skill can almost al- 
ways eliminate serious fortuity, although the probable 
occurrence of unforeseeable bypaths or outcroppings of 
research and also the possibility of encountering irreg- 
ularities in phenomena, especially on a large problem, 
must be kept in mind in the midst of designed effort.” 
If an irregularity is met with in research it is traced to 
its cause. In researches in pure science elements of 
chance are not reckoned in the same manner as they are 
in investigations in applied science because pure scien- 
tists have personal freedom in selecting or accepting 
problems for study. Their minds, too, are generally on 
more fundamental and more long-term goals. In indus- 
trial research, management likes to see advantages and 
good prospects in all expenditures; but companies that 
possess a realistic concept of science and its research 
recognize the places of ingenuity, contrivance, fore- 
sight, and risk in their essential investigational work. It 
has been estimated that approximately 15 per cent of all 
industrial researches are unsuccessful immediately, 
largely for economic reasons. This figure takes no ac- 
count of novel facts of possible future utility acquired 
in the programs nor of the value of negation. 


THE SCOPE OF INDUSTRIAL RESEARCH 


Industrial research seeks to provide adequate depth 
of technologic penetration and to facilitate the transla- 
tion into practice of the results of laboratory and plant 
investigations, with due regard to management, 
health, engineering, and economics. Research for users 
of products is being carried on extensively along side of 
producer research. It is realized that the best consumer 
goods as to function and quality can come only from 
companies that reach the highest standards of scientific 
excellence. Every discovery in industrial research 
opens up new lines of thought, discloses new avenues of 
investigation, expedites the maturing of technology. 
Research of the past has many omissions, and a func- 
tion of today’s research is to avoid the repetition of such 
oversights as well as the occurrence of errors of any kind. 
Large problems have often resisted solution until the 
requisite team of collaborating specialists could be set 
in action with the right facilities. 





2 The discovery of things unsought is known as serendipity 
(Waxpo.e, Horace, ‘‘Letters to Horace Mann,” 1754, CCLI). 
Serendippers have the “‘gift’’ or luck of finding information by 
mere dipping or by “accidental sagacity”’ (N. Y. Times Sat. Rev., 
April 29, 1905, p. 282). In the research of scientists it is presum- 
able that they have the ability to see at every time what is rele- 
vant and significant, whether or not all the perceptions are aimed 
at in the work. 





The grafting of industrial research on to the tradi- 
tional trades has had difficulties arising from the dif- 
ferent mental disciplines of science and craft. But grad- 
ually numerous small tool and machine tool manufac- 
turers, encouraged by the powerful science of metals, 
have incepted investigational activities. These tools 
are essential, not only for producing consumer goods, 
but also for maintaining big industries such as agricul- 
ture and transportation. Industrial life in general has 
given a sense of urgency to research projects associ- 
ated with workshop equipment and methods, physical 
technology and production engineering, and the health 
of workers.* Research has yielded a system of approach 
to the problems of design of mechanical equipment that 
takes into consideration human factors as well as me- 
chanical requirements. Many data are securable from 
the biological sciences and industrial hygiene that can 
be applied to direct engineering employment in machine 
design, in improving mechanical devices and processes, 
and in bettering building materials and construction. 
Then, too, there are many branches of manufacture 
that have been founded on research and live by research. 
The electronics, petroleum, synthetic organic chemicals, 
synthetic rubber, and plastics industries are illustra- 
tions. Instrumentation is extending rapidly in the con- 
trol of production processes as the joint result of ad- 
vances in physical science and the ever-increasing needs 
of technology. 

Industrial research copes with technologic exigencies 
as discerned at present. As to future contingencies, 


factors of today may on another day be absent and, 


when they are, the result will differ from what it is now. 
Technology raises questions; industrial research an- 
swers them as well as it can. Thus science has helped 
almost every phase of manufacturing. Like the manu- 
facturers, industrial research has had to adjust to the 
never-ending process of technologic change. The de- 
velopment of technology, on the other hand, is attrib- 
utable to the plasticity of the professional fields 
wherein the contributing researches are carried on, to 
the expression of scientists’ efforts to apprehend tech- 
nologic influence and the importance of creativity for 
the industries. Most conspicuous is the speed at which 
research leads to discoveries and then to inventions, In 
the industrial research of today management has 
gained a technique of invention that assures technologic 
advancement. The outstanding incentive in all scien- 
tific research is that the work accomplished will endure 
as a part of our culture. 

Research for the industries is growing in its under- 
standing of scientists in their relationship to other de- 
partments and employees, in its appreciation of the 
value of collaborative laboratory direction. Well con- 
ceived and taught, a university offering in industrial 
management would therefore be helpful to graduate 
students of science aspiring to careers in industrial re- 
search. Better still, universities that are strong re- 





3’ McMauon, Joun F., ‘‘What’s happening in industrial 
health,’”’ Advanced Management, 13, 154 (December, 1948). 
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search centers and also have schools of business admin- 
istration should provide graduate courses in research 
management. In indoctrinating men of science in in- 
dustrial research in companies they should be given a 
comprehension of the motives and philosophy of the 
business and an understanding of the management and 
of the need for maintaining sympathetic and coopera- 
tive viewpoints and morale. In their orientation they 
should likewise learn the history and general technology 
oftheir employers. Special reading kits aid in this proc- 
ess, which is much broader than can be effected through 
the medium of the general employee guide- or hand- 
book. Industrial researchists should have the knowl- 
edge and interest to serve as instructive escorts for com- 
pany guests, especially professional visitors, as speak- 
ers before community groups, and as all-round promot- 
ers of good will and dependable information. 

Research changes with changes in conditions. There 
is in fact nothing fixed or static about research. It is 
fluid and under a new set of conditions has often dis- 
played new possibilities. Research has so progressed 
that every sizable technologic problem is an augury of 
something more effective or otherwise superior in the 
way of production. And the greater the problem, the 
bigger the change portended by the inception of research 
on it. Research therefore marks transitions in indus- 
trial life. Today is the outcome of yesterday’s research 
and invention; and one can perceive the future unroll- 
ing in the technology of the present, although we know 
but little regarding the study of tomorrow, regarding 
how to look forward. A research executive can largely 
only try to scent what will be taking place in his do- 
main a year or so hence. 

The future welfare of technology cannot be predicted 
without full attention to the subjective factors. Per- 
sons and not things bring about progress, notwithstand- 
ing the importance of such objective factors as re- 
sources and climate. Industrial scientists have by no 
means neglected planning, but do need to investigate 
future trends systematically. The cultivation of this 
field is necessary for an adequate attack upon the prob- 
lems derived from social change, and in research and 
invention we have two useful keys to the future.‘ In- 
dustrial research should be a dependable provision for 
future expansion and a reliable insurance against obso- 
lescence of product or market. A product continually 
becomes obsolete and should have a closely calculated 
life. History makes few if any repetitions in an era of 
technologic change; science has a large area of ostensi- 
ble unpredictableness to explore.’ To be satisfied with 
the progress of history and science is to be uninterested 
in their development, in the ways they are changing. 


RESEARCHISTS AND RESEARCH MANAGERS 
Several circumstances besides the influences of two 


‘ Oapurn, W. F., Public Affairs Pamphlet No. 25, 1946. (On 
the illuminating effect of inventions on the world of tomorrow.) 

5’ Hamor, W. A., “How well can management predict,’’ Ad- 
vanced Management, 12, 159 (December, 1947). 
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world wars have stimulated the great growth of indus- 
trial research in the United States. Much of the Ameri- 
can industrial domain developed after it had become 
generally clear that the forward movement of technol- 
ogy was dependent on the application of scientific 
knowledge. The definite cleavage between pure re- 
search and industrial research took place at the incep- 
tion of that era, forty years ago. The success of indus- 
trial research under the aegis of the university, as dem- 
onstrated by Robert Kennedy Duncan,’ gave deep- 
seated impetus to this research in general and to its ap- 
plication and organization in technology in particular. 
When American industries started on their rapid expan- 
sion academic scientists, sympathetic toward technol- 
ogy, were in demand from the beginning. In conse- 
quence close contact and mutual appreciation were es- 
tablished between industrialists and applied scientists in 
universities. 

Courses in engineering and industrial chemistry and 
also the consulting work of faculty members and the 
setting up of fellowships all encouraged these advanta- 
geous relations. Many young men specializing in sci- 
ence, following the lead of engineers, became desirous of 
securing industrial positions; and as they succeeded in 
doing so and subsequently obtained wider opportunities 
and responsibilities, they in turn broadened the future 
scope for those with similar training who came on after- 
ward. The effect has been cumulative, and both tech- 
nology and education have benefited to a high degree 
from the gradually acquired prestige of science in indus- 
trial management. The mighty sway of industrial sci- 
ence and research will become more inclusive, more geri- 
erative, with the further availability of suitably trained 
men having the right qualities. 

Universities are trying to evolve better research sci- 
entists, for the destinies of education, science, and tech- 
nology are interwoven closely by basic verities and val- 
ues. Graduate students in the sciences should not only 
gain a good knowledge of facts and be conversant with 
fundamental theories, but they should be familiar with 
the limitations of what we now know and be inspired 
with professional enthusiasm and an appreciation of 
subjects outside their own fields of specialization. It 
seems to dominant industrial research directors that 
actual graduate instruction is less important than the 
proper choice of teachers and of students. There has 
been a shortage of competent research men, and there- 
fore, in many laboratories, projects have been fitted to 
the personnel available or partially trained youngsters 
have been getting occasions for performance not sug- 
gested by their expected ability. Over the next ten 
years there will be needed about twice as many scien- 
tists and engineers as were required anzually in the pre- 
war decade. There is no doubt about the want of the 
industries and of the government for more and better 
research scientists and for men who combine investiga- 
tional skill with administrative qualifications. Over 





° Werp.eIN, E.R., anp W. A. Hamor, “Glancesat Industrial Re- 
search,”’ 1936, Chapters 2 and 3; also “Science in Action,” 1931, 
pp. 39 and 57. 


400 companies of our country are contributing to the 
solution of this problem by helping more than 2000 
young persons to gain collegiate training at a cost of 
upward of $10 million, thereby stockpiling skill for the 
future as well as advancing human relations.’ And 
many of these students will certainly enter the realm of 
scientific research. There is a very large amount of 
knowledge that has not been put to use and much more 
remains to be disclosed. 

Great opportunities for ambitious scientists lie in ex- 
ecutive work. In industrial research administration it 
is only where the reciprocal responsibilities of the in- 
vestigatory staff and management are combined side by 
side that a true concept of them emerges. Researchists 
and executives of a laboratory are members of a social 
organization, and their principal determination should 
be how best to relate themselves to the social structure 
within which they are employed. The whole laboratory 
group presents a continuing study of the adjustment of 
professional personalities to each other and to a com- 
mon cause. As elsewhere in a company, the manage- 
ment of course must determine how best to choose and 
use hortative and persuasive techniques in supervising 
a team of persons. One of the lacks in the research area 
is the aid of psychology to assist executives in the more 
effectual use of their ability by reaching more adequate 
emotional stability and control, and by adding insight 
into their own behavior and that of persons with whom 
they have professional contact, embracing applicants as 
well as employees. Then there is the help that can be 
had from sociology, which is affording greater and 
greater knowledge of the dependably typical behavior 
and thought patterns of social groups and of society at 
large through opinion surveys, consumer and employee 
tests, and other procedures.* Industrial products are 
carriers of social value. 

Research managers naturally have personality prob- 
lems and conflicts both as individuals and in their inter- 
personal relations. It may be that the management has 
not learned to enjoy teamwork well enough even at the 
executive stage. There may be an inadequate contact 
with the research staff, a deficiency of collective esteem, 
a resistance to the value of sessions with confreres in 
planning and coordination. Opportunities may not be 
carefully connected to obligations. Ways of combating 
tension may be insufficient. In research there is a 
strictly professional group, and the management should 
be particularly attentive to environment, conditions of 
work, morale, and due recognition of accomplishments.* 
A status system constantly has functions of high value. 
Status has reference not only to professional place in the 
chain of communication but also to the expected pat- 
terns of behavior or roles and the different titles, re- 
wards, and symbols associated with position. The 


7 Howarp, R. W., Nation’s Business, 37, 43 (June, 1949). 

8 Hamor, W. A., Advanced Management, 12, 163 (December, 
1947). 

® Hamor, W. A., Advanced Management, 11, 132 (December, 
1946). Human relations in research institution management are 
discussed at length and in the main the considerations are appli- 
cable to laboratories of companies. 








achievement of status in research is a personal incentive 
of power. 


GIVING SUBSTANCE TO INDUSTRIAL RESEARCH 
MANAGEMENT 


Industrial research management is being synthesized 
out of principles followed in the direction of academic 
investigation plus pertinent procedures of industrial 
management. Its texture is being gradually formed un- 
der the pressure of incumbent duties and experiential 
truths. It does not possess a generally applicable orga- 
non, although large industrial research laboratories are 
constituted and operated upon systems that bring out 
something more than a managemental analogy among 
them. The motives and methods of scientists are simi- 
lar and certain necessities determining their work gov- 
ern them in common in all spacious industrial estab- 
lishments. Uneven growth has occurred in industrial 
research management by scientists learning adminis- 
tration by association in a managed group and not by 
education. 

In being groomed for managemental posts in indus- 
trial research laboratories scientists could well have the 
advantage of the special intense courses in management 
that are being offered to select groups of industrial em- 
ployees by schools of business administration. The be- 
stowal of such opportunities by companies should not be 
confined to men who are favored for production or sales. 
Scientists of promise in research management should 
also have by rotation and other techniques thorough de- 
velopment of the perception, initiative, and judgment to 
be exercised in the moral, social, professional, and busi- 
ness work of laboratory life. They should be given op- 
portunities to acquire insights into themselves and other 
employees: The relatively small literature of research 
management teems with inadequacies. The big litera- 
ture of industrial management, whose classics should be 
in the comprehensive laboratory library, has the width 
and strength that, by surely gained knowledge thereof 
that is useful, an industrial research executive finds it 
not a crutch but a most helpful walking-stick in his 
managerial progress. In large laboratories the carefully 
planned application of rating scales can assist in distin- 
guishing executive talent. Industrial research man- 
agement should strive to raise its knowledge by ana- 
lytical surveys, including special attitude studies, 
which have shown that they enable the collection and 
selection of relevant facts for the definition of the best 
pattern to follow in human relations in and through 





10 CLEETON, G. V., Personnel, 23, 321 (1947). 
this scope is treated here. 

110n uncovering and evaluatingemployee attitudes see WorTHY, 
J. C., Personnel Series No. 113, American Management Associa- 
tion, 1947, pp. 13-22. The criteria which can be detected in at- 
titudes are dealt with by SHerir, Muzarer, AnD HapiEy Can- 
TRIL, Psychological Review, 52, 295. Social attitudes and iden- 
tifications are explained in SHerir, M., anp H. Cantrit, ‘The 
Psychology of Ego-Involvements,’”’ 1947. See also Murcuison, 
Cart, ‘‘A Handbook of Social Psychology,” 1935, Chap. 17. 
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various zones of companies.!! In active human rp. 
lations scientists learn to speak the lay language every. 
one can understand. ‘ 

The director of an extensive industrial research labo. 
ratory should see all the timber instead of solely the 
trees in his department—should be a generalist in his 
thinking and doing who can thereby effect the identif- 
cation, with him and the company, of his staff of spe. 
cialists and assistants. Like every group leader he must 
possess and enjoy in common the interests and values of 
all—he must have the full character of membership. 
By his generalistic superiority, which must never ob- 
scure this membership, he must own the professional 
and personal qualities held in high regard by his staff 
members, who are then happy to be associated with him 
as a prominent man. Scientists always desire as lead- 
ers good executives who will give them voices in man- 
agement, who will encourage self-reliance and produce 
confidence among them, thereby nurturing coefficiency. 

The knowledge of ability, professional status, and 
unique organizational position by an industrial research 
laboratory may conduce to self-dependence. It seems 
that where ideas are generated there is the connection of 
self-determination. But such a laboratory that is self- 
sufficient has inexperience in management, for the power 
of research can always be increased by external im- 
pulses. Therefore the industrial research director 
should look everywhere, in his company and outside, for 
facts and principles that would contribute to the inves- 
tigational nutrition of his staff. He should extract from 
all procurable managemental schemata ideas that would 
benefit his co-workers, would be liked by them. He 
should be conscious of himself as a subject of observa- 
tion to others in the company; he should combat too 
much inwardness. He should become aware of defects 
in his management, which might often be mended by 
learning about how other parts of the organization or 
other laboratories are run. 

A research laboratory well associated with other divi § 
sions of a company is never disconnected into more or 
less remote individualism. The processes that cooper- 
ate in the evolution of good industrial research manage- 
ment depend upon the maintenance of external as well 
as internal equilibrium and adjustment. Industrial re- 
search management should not be wrapped up in itself, 
should never be self-complacent. Any want of efficacy 
in the examination of managemental problems by in- 
dustrial research directors collectively could often be 
remedied by drawing upon the abundance of informa- 
tion available from specialists in other branches of in- 
dustrial administration. Just as members of a labora- 
tory would find of value addresses by personnel, pro- 
duction, and marketing officers of their company, 80 
would industrial research directors gain assistance at 
group meetings from talks by and the exchange of exec- 
utive experience with different managemental experts. 
By so peering into the shadows of industrial research 
management, many of the obscurities would pass away. 
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A SIMPLE FLUOROMETER 


A siete fluorometer, easy to construct and use and 
reliable in operation, is described here. An external 
view of the instrument and the arrangement of integral 
parts is shown in Figure 1. 

Inside a black, wooden box fitted with a flanged light- 
tight cover is a rectangular ceil to hold solutions of 
fluorescent materials, an annular filter cell assembly con- 
taining a phototube, and a metal cooling jacket sur- 
rounding a B-H-4 lamp with a Corex envelope. See 
Figure 2 for latter two assemblies in greater detail. 

By placing the ultraviolet light source inside a cooling 
jacket, a closer arrangement of B-H-4 lamp and rec- 
tangular cell and consequently, a stronger excitation of 
the fluorescent solution is achieved without incurring 
solvent loss or troublesome temperature fluctuations. 
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Fluorescent light produced by excitation of the solu- 
tion reaches the phototube through the annular filter, 
constructed of two pyrex tubes sealed one inside the 
other as indicated in Figure 2. The filter cell contains 
2 per cent sodium nitrite solution, which absorbs ultra- 
violet frequencies. An aluminum foil covering much 
of the outer surface of the filter cell together with the 
absorbing interior surfaces of the box minimizes the 
effect of scattered light. 

In conventional instruments, the intensity of fluores- 
cent light from some interior point of the solution is 
measured. Consequently, in the case of a solution 
which absorbs ultraviolet light strongly, in which the 
fluorescence appears only along the cell-solution inter- 
face nearest the ultraviolet source, a misleading obser- 
vation is likely. As shown in Figure 1, fluorescent 
light reaches the phototube from every point of the 
solution in the rectangular cell, which is supported by a 
spacer block and grooves in the anti-reflection vanes. 

In the photoelectric circuit are used a vacuum tube 
amplifier and a balanced resistance method of detection 
containing no novel feature. 

In operation, a fluorescent solution is compared to a 
standard; both cells being alternated several times in 
the instrument to minimize variations in. line voltage. 
A fresh solution in ethanol of 4-methyl-7-hydroxycou- 
marin (3 g./l.) sealed under nitrogen in a cell is a suit- 
able standard. 





THE METALLIC SOAPS' 


A SOAP, as the term is commonly used, is the sodium 
or potassium salt of the acids of higher molecular 
weight, such as sodium palmitate, potassium stearate, 
sodium oleate, etc. These soaps, are “soluble” in 
water and have been used as detergents for centuries. 
The so-called metallic soaps, which have been known 
for several hundred years, are the heavy metal salts 
(the metals other than the alkali metals, sodium or 
potassium) of the acids of high molecular weight, such 
as calcium stearate, copper oleate, cobalt naphthenate, 
etc. In short, the metallic soaps are those soaps which 
are insoluble in water. They differ from the ordinary 
soaps not only in water solubility but also in their 
increased solubility in nonpolar (organic) solvents. 
They possess properties which make them very useful 
in a great number of special applications. The annual 
production of the metallic soaps, although increased 
greatly in the last two decades, is not indicative of the 
importance of the metallic soaps in industry. His- 
torically, the uses for the metallic soaps developed with 
the search for better lubricants since it was found 
that the gels formed from the metallic soaps and petro- 
leum hydrocarbons served as good lubricants. Since 
that time, hundreds of applications for the metallic 
soaps have developed. From a practical standpoint, 





1 Presented before Section H, Chemistry, Ohio Academy of 
Science, Marietta, Ohio, May 2, 1947. 


ROY G. BOSSERT 
Ohio Wesleyan University, Delaware, Ohio 


their increased solubility in nonpolar solvents and their 
comparatively high metal content lend to them rather 
unique properties. 


CHIEF METALS AND ACIDS 


There are twenty-seven of the metals and about 
twelve acids (or mixtures) which are used commonly 
in the production of the metallic soaps. The chief 
metals, the chief acids, and the sources of the latter are 
presented in Table 1. The table shows that the most 
important metals, from the standpoint of commercial 
production of metallic soaps, are Al, Ca, Zn, Mg, Pb, 
Mn, Cu, and Co. The most outstanding acids are 
stearic, palmitic, oleic, linoleic, naphthenic, the tall 
oil acids, and the rosin. acids. The animal and vege- 
table fats and oils serve as good sources for the well- 
known, acids of commerce, such as stearic, palmitic, 
oleic, Linoleic, and ricinoleic. The lesser known acids, 
such as naphthenic, the rosin acids, and tall oil acids 
have increased in importance within the last few 
decades and deserve special mention. 

Naphthenic Acids. The naphthenic acids are mix- 
tures of the monocarboxylic derivatives of the cylco- 
paraffin hydrocarbons which are isolated from various 
petroleum fractions. The original crudes in which they 
are found chiefly are the Russian, Rumanian, Loui- 
sianan, Texan, and Californian. The naphthenic acid 





TABLE 1 
Chief Metals and Acids in Metallic Soaps* 





Periodic 


group Chief metals Chief acids 


Metallic 
soaps 


Natural sources 
of acids 





Saturated 
Lauric 
Myristic 
Palmitic 
Stearic 

Unsaturated 
Oleic 
Linoleic 
Linolenic 


I Cu, Ag 
Be, Ca, Sr, Ba, Mg, Zn, Hg, Cd ‘ 


Al, Tl, Ce 


Ti, Zr, Hf, Sn, Pb, Th 
Hydroxy 

Ricinoleic 

V V, Sb, Bi Cyclic 

VE Or, U 


ns 

Naphthenic 

VII 
VIII 


Mn 


Fe, Co, Ni 6. Tall Oil 


* The most outstanding metals and acids are in bold face type. 


5. Rosin (Abietic—typical) 


Animal and vegetable fats: 
Laurates 
Tallow Myristates 
Lard Palmitates 
Palm Oil 


Stearates 
Animal and vegetable oils: 
Oleates 
Olive Linoleates 
Linseed 


Linolenates 

Cottonseed 

Soybean 

Corn 

Tung 

Castor 
Castor Ricinoleates 
Petroleum crudes 


( — of cycloparaf- 


Naphthenates 
Resinates (Abietates) 
Tallates 


Rosin 
Tall Oil (pine) 
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contents of these crudes vary with the crude but run 
somewhere between 0.3 and 0.7 per cent. The general 
formula, C,He,—202, holds for typical monocyclic naph- 
thenic acids, such as: 


CH; 
CH;—CH —CH; 
Hz Hi: 


H(CH:),COOH 


Where 7 is 0 to 3, in general (8-12 carbon atoms). The 
molecular weights run from 170 to 200. The bicyclic 
acids, C,He,-,O2, range from 13 to 23 carbon atoms 
per molecule and have higher molecular weights (/). 
The metallic soaps produced from the naphthenic 
acids are known as naphthenates. The metal naph- 
thenates form one of the most important classes of 
metallic soaps. 

The Rosin and Tall Oil Acids. These acids are ob- 
tained from the gummy products of the pine tree. The 
chief rosins, in view of metallic resinates, are gum rosin 
from the oleoresin and wood rosin from stumps. Al- 
though over 30 different rosin acids are reported, the 
chief acid associated with these rosins is abietic acid, 
(ooH302, a monocarboxylated derivative of hydro- 
genated (terpene family) phenanthrene. Whereas the 
rosins are the products remaining from the distillation 
of turpentine from pine, the tall oil is a product isolated 
from the pine tree during the production of paper pulp 
by the alkaline paper pulp process (2, 3). The acids 
from tall oil are mixtures of rosin acids and fatty acids 
(oleic and linoleic), together with sterols and alcohols. 


METHODS OF PREPARATION 


Two chief methods of preparation of metallic soaps 
have developed, namely, precipitation and fusion. 

Precipitation Method. ‘This method results from the 
metathetic reaction between a solution of a soluble 
metal salt and a soluble soap of the acid. We may 
represent this reaction as follows: 


MSO, 
Metal Salt 


+ 2RCOONa — (RCOO).M + NaSO, 
Sodium Soap Metallic Sodium Salt 
Soap 


The sodium soap is prepared by the neutralization of 
the fatty acid or by the saponification of a fat or oil. 
The metallic soap forms as a heavy precipitate which is 
greatly hydrated. The success of the method depends 
upon carefully controlled conditions although the proc- 
ess appears to be a simple one. Important factors 
include temperature of precipitation, manner of addition 
of reagents, concentrations of reagents, and stirring. 
In common practice, an equivalent amount of the hot 
soluble metallic salt (in dilute solution) is added to an 
equivalent amount of a hot, dilute solution of the sodium 
svap, under vigorous stirring. This manner of addition 
produces a heavy metal soap which contains certain 
quantities of occluded sodium soap. The method also 
makes possible the formation of the basic metal soaps. 


ll 


The precipitated soap is washed well in several changes 
of hot water to remove the soluble salts. The water 
content is lowered to 0.1 to 1 per cent (depends upon 
soap) either in the original kettle, in drying ovens, or 
by air-drying. The higher melting soaps are then re- 
duced to proper consistency in a hammer mill. 

The reverse addition (the addition of sodium soap to 
metal salt solution) also requires carefully controlled 
conditions and produces a soap which may contain 
occluded metal salt and the free acid as the chief im- 
purities. The simultaneous addition of reagents (both 
solutions added at the same rate to a third container of 
water) produces a metallic soap of high purity and con- 
tains a minimum of occluded materials. From a practi- 
cal standpoint, the preparation by the simultaneous 
addition of reagents is a costlier one. In the final analy- 
sis, the method of precipitation employed is governed 
by the requirements of the soap desired. 

Fusion Method. The fusion method results from 
the interaction of the organic acid (fat or oil in some 
instances) and the oxide, hydroxide, carbonate, or 
acetate of the desired metal at a somewhat elevated 
temperature (180-300°C.). This method is illustrated 
as follows: 

2RCOOH + 
Acid 

2RCOOH + 
Acid 


MO — 
Metal Oxide 
M(OH). — 
Metal 
Hydroxide 
MCO; coe 


Metal 
Carbonate 


(RCOO):.M + 
Metallic Soap 
(RCOO).M 
Metallic Soap 


H,0 


+ 2H,0 


2RCOOH + 
Acid 


(RCOO),M + 
Metallic Soap 


H,0 + CO 


The reaction proceeds in the absence of water. The 
method requires simpler apparatus and fewer steps 
than that of the precipitation technique. The product 
contains a higher free acid content and a correspond- 
ingly lower metal content, as compared with precipi- 
tated soaps. The higher acid content increases solu- 
bility (dispersability) in some solvents and adds certain 
physical characteristics which may be desirable. The 
resulting effects of high temperatures in the fusion proc- 
ess may produce a material of inferior quality. How- 
ever, metal soaps which hydrolyze easily can be pre- 
pared to advantage by this method. e presence of 
unreacted metal compounds adds a further objection to 
this method of preparation. 

Although most metallic soaps are prepared either by 
the precipitation or fusion technique, modified methods 
are available. For the most part, they employ either 
the precipitation or fusion technique with special sol- 
vents for extraction of the metallic soap upon formation. 
In some instances, the sodium soap may be dissolved in 
either ethyl or butyl alcohol before precipitation. 
The alcohol may replace most of the water as the pre- 
cipitating medium. 


CHEMICAL AND PHYSICAL PROPERTIES 


The metallic soaps of the saturated acids are amor- 
phous solids and most of them are fluffy, unctuous sub- 
stances when finely divided. They can be produced in 
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crystalline form from appropriate solvents. The colors 
of the metallic soaps are similar to the colors of many of 
the common salts of the cations. For example, the 
nickel soaps are green, the copper soaps are bluish- 
green, the cobalt soaps are lavender, the iron soaps are 
red-brown, the aluminum, zinc, lead, and alkaline earth 
soaps are white, etc. The metallic soaps do not possess 
sharp melting points. The melting point values found 
in the literature are given as “melting ranges” since 
most of them are not pure substances; furthermore, the 
values reported by various workers are not always in 
agreement (4-6). 

The combination of a polar and nonpolar group within 
the same molecule lends to soaps many of their unique 
properties. The metallic soaps are insoluble in water 
(with few exceptions) but show various degrees of 
solubility (dispersability) in the different organic sol- 
vents, especially the hydrocarbon solvents. The 
metallic soaps retain large quantities of water when 
freshly precipitated but lose it readily and become 
highly water repellent. Most of the metallic soaps form 
gels with organic solvents. For example, 7 per cent 
aluminum di-stearate dispersed by heat in a medium- 
weight lubricating oil (S. A. E. Number 20) will pro- 
duce a firm grease on cooling. Many applications of 
the metallic soaps depend upon their insolubility in 
water and their capacity to thicken oils and set to gels. 
The heavy metal soaps stabilize water-in-oil emulsions, 
whereas the soaps of the alkali metals stabilize oil-in- 
water emulsions. 


ANALYSIS 


The analysis of metallic soaps is frequently of impor- 
tance to the manufacturing consumer. The presence of 
certain kinds and amounts of impurities may obviate 
a given use for a metallic soap. Most metallic soaps 
are not pure, individual chemical compounds and 
therefore, the analysis for metal or acid radical content 
gives a value of comparative use only. For this reason 
the producers of metallic soaps give specifications which 
state the metal soluble salts, free acid, and moisture 
contents within certain allowable limits. Oftentimes, 
the specifications include melting ranges and bulkiness. 

Although the method of analysis may vary from one 
metal soap to another, the usual items of analysis in- 
clude: (1) moisture content; (2) total ash, washed ash, 
and soluble ash; (3) free fatty acid content; (4) fine- 
ness; (5) bulkiness; (6) gel-forming properties. The 
American Society for Testing Materials has investigated 
methods for testing metallic soaps associated with driers 
(7). The tentative specifications for the testing of 
driers was reported (8) and methods of analysis pre- 
sented for lead, manganese, and zinc. 


USES AND APPLICATIONS 


The physical characteristics of the metallic soaps, 
as indicated previously, are rather unique and result 
from the combination of a polar and nonpolar group 
within the same molecule. The practical applications 
of the metallic soaps depend chiefly upon these char- 
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acteristics and the physical effects produced when they 
are mixed or incorporated with other materials. Their 
insolubility in water and nonwettability make them 
useful in waterproofing materials, textile finishing 
leather dressing, special detergents, flotation, and 
cosmetics. The presence of the metallic cation makes 
them useful in catalysis, paint driers, antioxidants, oil 
additives, antifouling paints, fungicides, pharmaceuti- 
cals, and ceramics. Other important uses, which may 
depend more completely upon the unique combination 
of groups within the same molecule, are found in their 
application in flatting agents, thickeners, lubricants of 
various kinds (extreme pressure, greases, molds, rub- 
ber articles) dispersing agents, detergents, hardening 
agents, etc. 

The uses of the various metallic soaps are given in 
Table 2. The table brings out the most important soaps 
as well as the industries involved and the specific uses 
for a given soap. These data were taken from various 
sources and include suggested uses as well as long- 
established uses. The most important uses for given 
soaps are contained in bold face type. 

The figures for the production of the metallic soaps 
are not readily available in the literature. The sources 
of information are few and the values may be incom- 
plete. Many users of metallic soaps produce them in 
their processes of manufacture and, consequently, do 
not report them separately. Table 3 presents the figures 
for information on the stearates of aluminum, calcium, 
magnesium, and zinc for the years 1942—45 (9). 





TABLE 3 
Production of Metallic Stearates 
~~ Metallic Production, 
stearate lb. 
Aluminum stearate 


Price /lb. 
$0.21 
0.23 
0.23 
0.23 
0.25 
0.26 
0.26 
0.26 
0.29 
0.31 
0.31 
0.25 
0.24 





Year 
1942 
1943 
1944 
1945 
1942 
1943 
1944 
1945 
1942 
1943 
1944 
1945 
1942 
1943 
1944 
1945 





Calcium stearate 


Magnesium stearate 


Zinc stearate 
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LECTURE DEMONSTRATION EXPERIMENTS IN 
ORGANIC CHEMISTRY 


Tue advantage of enlarging the student’s acquaint- 
ance with organic chemicals and processes by lecture 
demonstration experiments in addition to the usual 
laboratory exercises is widely recognized. Yet few 
teachers have published lists of the laboratory experi- 
ments which they assign for student performance or of 
the demonstrations which supplement the laboratory 
and lecture work. The author, therefore, ventures to 
record the sets of experiments that he used for these two 
purposes in the aromatic series (Organic Chemistry II) 
during the spring semester, 1949, for a class of 100 stu- 
dents. The lists vary somewhat from one semester to 
another. 

In order that the time consumed by the demonstra- 
tions shall not detract from the lecture it is necessary to 
select experiments that can be done quickly and which 
fit directly into the subject of the lecture: Qualitative 
experiments performed in test tubes and flasks and so 
chosen that the results are easily visible over the room 
are usually the most suitable for demonstration pur- 
poses. Yield preparations, however, are not excluded. 
A preparation may be started and carried to the stage 
of a visible result during the lecture and completed 
later by a student volunteer. The final crystallization 
or distillation is thus done by a student before the next 
class period, at which time the specimen is exhibited 
and the yield reported. All demonstration experiments 
may be recorded in the latter half of the student’s 
laboratory notebook with the notation that they were 
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performed as lecture demonstrations. Most of the 
experiments in the following lists are well known and are 
shown by titleonly. Ina few instances, brief comments 
regarding convenient means of conducting the experi- 
ments quickly are given. Experiments performed as 
yield preparations are marked with an asterisk. 

1. Iodobenzene Dichloride. The addition of 20 
ml. of carbon tetrachloride, previously saturated with 
chlorine, to a solution of 2 ml. of iodobenzene in 10 ml. 
of carbon tetrachloride produces within one or two 
minutes a mass of yellow crystals of iodobenzene di- 
chloride. 

2.. Sulfonation of Benzene. 

8. Comparative Speed of Reaction of Acetyl Chloride, 
Benzoyl Chloride, and Benzenesulfonyl Chloride with 
Ethyl Alcohol. 

4. Benzenesulfonamide. 

(a) Solubility in alkali 
(b) Slow reaction with nitrous acid 
5. Basicity of Aniline. 
(a) Solubility in water 
(b) Action upon phenolphthalein 
(c) Ferric chloride solution 
(d) Salts and double salts 
6. Solid Derivatives of Aniline. 
(a) Acetylation 
(b) Benzoylation 
(c) Thiocarbanilide 
The use of phenyl isothiocyanate as a reagent for 





16 


amines may be illustrated by adding a solution of 
5 ml. of this reagent in 10 ml. of ethyl alcohol to 5 ml. 
of aniline likewise dissolved in 10 ml. of ethyl alcohol. 
Crystals of thiocarbanilide (diphenylthiourea) form 
within a few minutes. 
7. Bromination of Aniline with Bromine Waier. 
8. Color Reactions of Aniline. 
(a) Bleaching powder test 
(b) Dichromate color test 
9. Preparation of Thiocarbanilide.* Two mols of 
aniline (186 g.), 200 ml. of carbon disulfide, and 200 ml. 
of ethyl alcohol may be mixed in a wide-mouthed bottle 
and covered with a loose-fitting cap. The bottle may 
then be set aside and the growth of thiocarbanilide 
crystals observed from day to day. After two weeks 
one of the students may volunteer to filter, wash, and 
dry the product. 
10. Preparation of p-Bromoacetanilide.* 
11. Preparation of p-Nitrosodimethylaniline.* 
12. Reactions of Diazotized Aniline. 
(a) Formation of iodobenzene 
(b) Coupling with phenol 
(c) Formation of diazoarminobenzene. 
13. Reactions of Phenol. 
(a) Solubility in hot and cold water 
(b) Ferric chloride color test 
(c) Bromination with bromine water 
(d) Benzoylation 
(e) Phenol-formaldehyde resin 
14. Preparation of Anisole.* 


15. Comparative Reducing Power of Phenol, Resor- 
cinol, Hydroquinone, and Pyrogallol wiih Fehling’s 
Solution. 

16. Properties of Benzaldehyde. 


(a) Reaction with ammonia 
(b) Addition of sodium bisulfite 
(c) Formation of benzaldehyde phenyl- 
hydrazone. (Acetic acid is a con- 
venient solvent.) 
(d) Dibenzalacetone 
17. Benzophenone Oxime. The oxime of benzo- 
phenone may be prepared easily by adding a solution 
of 10 g. of sodium hydroxide in 50 ml. of water to a 
solution of 5.4 g. of benzophenone and 6 g. of hydroxyl- 
amine hydrochloride in 70 ml. of ethyl alcohol and boil- 
ing the combined solutions for forty minutes in a flask 
fitted with a reflux condenser. At the end of this period 
300 ml. of water is added. The oily droplets of un- 
changed benzophenone may be removed by stirring 
the suspension with finely divided charcoal and filtering. 
When the filtrate is cooled with ice and acidified with 
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dilute sulfuric acid a white precipitate of benzophenone 
oxime is obtained. Its solubility in alkali may be used 
to show the acidic character of the oxime. 

18. Preparation of Benzoin.* In order to demon- 
strate the benzoin condensation a solution of 21 g. of 
benzaldehyde and 3 g. of potassium cyanide in 50 ml, 
of ethyl alcohol may be boiled under reflux for forty 
minutes and then chilled in ice. A student may volun- 
teer to filter, wash, and dry the product and report the 
yield. 

19. Quinone.* A specimen of this important com- 
pound may be easily obtained by warming to 60° to 
70° a solution of 10 g. of hydroquinone, 5.5. g. of potas- 
sium bromate, 100 ml. of water, and 5 ml. of normal 
sulfuric acid. The nearly black color of quinhydrone, 
formed as an intermediate product, gives way to the 
bright yellow of quinone as the oxidation proceeds, 
When the yellow solution is cooled in ice an excellent 
yield of highly pure p-benzoquinone is obtained. 

20. Properties of Naphthalene. 

(a) Bromination 
(6) Sulfonation 

21. Preparation of Azo Dyes. A series of azo dyes 
may be made by diazotizing aniline, sulfanilic acid, and 
8-naphthylamine and coupling these diazonium salts 
in alkaline, or faintly acid, solution with phenol, 
resorcinol, dimethylaniline, 6-naphthol, and other 
aromatic amino or phenolic compounds. 

22. Color Changes in Dyes. The changes of color of 
azc_and triphenylmethane dyes in acid, alkaline, and 
reducing solutions are fitting accompaniments for a 
discussion of the properties of dyes and indicators. 

23. Vat Dyeing with Indigo. 

24. Properties of Furfural. 

(a) Reduction of Tollens’ solution 
(6) Reaction with ammonia 
25. Properties of Pyridine. 
(a) Basicity 
(b) Ferric chloride solution. 
(c) Addition of methyl] iodide. 

The assigned laboratory experiments included the 
following preparations: bromobenzene, nitrobenzene, 
m-dinitrobenzene, aniline, acetanilide, identification 
of an unknown amine, p-nitroacetanilide, p-nitroaniline, 
m-nitroaniline, sulfanilic acid, chlorobenzene (Sand- 
meyer), toluene (deamination of p-toluidine), hydrazo- 
benzene and benzidine, phenol, ortho- and para-nitro- 
phenol, acetophenone, triphenylearbinol, cinnamic acid, 
benzoic acid, p-nitrobenzoic acid, salicylic acid and 
aspirin, methyl orange, malachite green, fluorescein 
and eosin, and quinoline. 





ATION 


1enone 
e used 


lemon- 


volun- 
ort the 


t com- 
60° to 
potas- 
10rmal 
drone, 
to the 
ceeds, 
cellent 


0 dyes 
id, and 
1 salts 
yhenol, 

other 


olor of 
e, and 
for a 


ed the 
nzene, 
ication 
iniline, 
(Sand- 
rdrazo- 
-nitro- 
ic acid, 
id and 
rescein 


A SIMPLIFIED PERIODIC CLASSIFICATION OF 
THE ELEMENTS 


Tre construction of the table about to be described 
seems appropriate for any student of elementary 
chemistry, particularly, because of its intriguing na- 
ture, simplicity, informativeness, and ease of con- 
struction. 

Writers presenting arrangements which do not show 
any relationships between the transition elements and 
the preceding elements sometimes try to view this as 
an advantage, because the resemblances are sometimes 
not at all close. Nevertheless, they are frequently 
quite noticeable. Also, they are an integral part of 
the periodicity which the arrangements in question are 
supposed to represent. The form presented here 
reaches a neat compromise by putting the transition 
elements on a different sheet of paper and the lan- 
thanide and actinide series on a third sheet, thus con- 
tinuing the vertical columns on a different level. 

The layouts are first made as shown in Tables 1-5. 





TABLE 1 
The Main Sheet 
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TABLE 3 
The First Flap (Back) 


dé d? a’ 
Fe Co Ni 
26 27 28 
Ru’? Rh® Pd" 
44 45 46 


Os Ir Pt® 
76 77 78 








DD 
Cu 10 
29 
Ag 
47 


Au 
79 


d 10 
Zn 
30 
Cd 
48 
Hg 
80 











it. The necessity for special consideration of helium 
in a table showing both chemical relationships and elec- 
tron configuration might be considered to arise from the 
fact that another flap is not used for the s* and p! 
to p® columns, which would lead to many complica- 


. tions. 


If desired, the use of a second flap may be avoided 
by substituting “Rare Earths” or ‘‘Lanthanide Series”’ 
for “Lu” and printing the actinide series, with the 
appropriate f-column headings, on the first flap. The 
table was originally made in this way, but without 
the energy level symbols. However, in the most com- 
plete form a second flap is prepared, and it too should 
be printed on both sides, to save space. 





TABLE 4 
The Second Flap (Front) 


i f° ig r 
Ce Pr Nd Pm 
58 59 60 61 
Th? Pa! U! Np! 
90 91 92 93 

















TABLE 5 
The Second Flap (Back) 





TABLE 2 
The First Flap (Front) 


d*‘ 


Cré 
24 


Mo 
42, 








as 
Mn 
25 
Te 
43 


Re 
75 


d? 
Ti 
22 
Zr 
40 
Hf 
72 


WwW 
74 











Helium is here represented in an ambiguous position 
to prevent students from jumping to conclusions about 


17 





j* jy" f 
Dy Ho Er 
66 67 68 


ag 
Gd! Tb 
64 65 
Cm! 
96 











Now a slit is cut in the first sheet between Ca and 
Ga and extended downward. The flaps are inserted 
in it in their obvious places, so that the atomic numbers 
are in sequence and Sc and La are collinear with B 
and Al, as shown in Table 6. Their ends are folded 
back and taped up onto the back of the main sheet. 
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Another method, somewhat tricky for typing, is to 
insert the flaps and fasten them at the back before 
doing any printing. 





TABLE 6 
The Finished Periodic Table 








i2 





N 

7 

P 

15 

a 

Ca Vv 

19 20 23 
Rb Sr | 4 Nb‘ 
37 38 41 
f 

Pr 

59 

Pa! 

91 





Cs  Bal4 Lal 
55 56 57 
Fr Ra|5 Ac? 
87 R8 89 











CHEMICAL RELATIONSHIPS 


This form of the periodic table demonstrates the 
addition of electrons to inner quantum levels with 
exceptional clarity and simplicity. A particularly 
significant feature is that it simultaneously demon- 
strates the chemical results of this kind of development, 
clearly showing the secondary chemical relationships 
as well as the primary ones. All the elements on the 


first flap bear secondary chemical relationships to the 
elements on the main sheet, and therefore are called 


“secondary elements” in this paper. Similarly the 
elements on the second flap are termed “tertiary ele- 
ments” here. 

The proposed arrangemeni brings out certain known 
facts about the tertiary elements which are rarely shown 
by other arrangements. For example, it suggests, 
correctly, that the resemblance between yttrium and 
lutecium is greater than that between yttrium and 
lanthanum. It classifies lanthanum but not lutecium 
as a rare earth, in accordance with their chemical 
properties (which also contradict spectrographic evi- 
dence at this point). It also demonstrates the tetra- 
valence of both cerium and thorium, and that thorium 
and protactinium show a resemblance in chemical prop- 
erties to zirconium and niobium, as well as to haf- 
nium and tantalum. 

It is possible to separate the nonmetals from the 
metals by drawing a straight line on the main sheet, 
separating Be from B at one end and Po from At at 
the other end. 


ELECTRON CONFIGURATION* 
The single-flap form of the table described in this 





* The configurations represented here are those given by the 
H. D. Hubbard Periodic Chart of the Atoms, revised by William 
F. Meggers, 1947, and published by W. M. Welch Manufactur- 
ing Company, Chicago, Illinois. 
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paper was devised a considerable time ago as a direct 
adaptation of a very common “long chart’’ form. The 
only object was to simplify the presentation of the 
secondary chemical relationships while retaining the 
atomic number order. Only later, after discovering 
a “tabular method” of portraying electron configura- 
tion, was it realized how neatly the simplified table 
could use a form of this method, which is about to 
be described. The earliest description of a modern 
form of the tabular method that this writer has en- 
countered is in H. E. White’s “Introduction to Atomic 
Spectra,’ McGraw-Hill Book Company, Inc., New 
York, 1934, First edition, p. 85. 

The row number of any element on the main sheet 
gives the principal quantum number, n, of the highest 
energy subgroup. On the first flap, however, n is of 
course the row number .ainus one; on the second flap 
n is the row number minus two. This can be corrected 
if desired by numbering the flap rows as shown in the 
last table, Table 6. The column heading gives for 
this subgroup both the literal designation of the serial 
or orbital angular momentum quantum number, |, 
and the number of electrons. 

For example, for cerium the table shows that n 
equals 6 minus 2, and cerium is in the f? column. Thus 
it has two electrons in the 4f level; the configuration 
of its highest energy subgroup, in the ground state, 
is 4f?. 

To find the next energy level, follow decreasing 
atomic numbers until a different n is indicated. For 


cerium this takes us to the s? column (the position of | 


barium), where n equals 6. The subgroups underlying 
this are found by moving from barium to xenon, giving 
5p*, thence to cadmium, giving (5 — 1)d™, or 4d”, 
and to strontium, giving 5s’, and so forth. 

I am indebted to a paper by Wrigley, Mast, and Mc- 
Cutcheon! for the idea of using superscripts to identify 
irregular configurations. The superscripts as used 
here allow correction at a glance of the number of elec- 
trons in the d-level in question for any exceptional 
element. A corresponding opposite correction is to 
be made in the next highest energy level, to compen- 
sate. On the second flap, “the d-level in question” 
is represented on the same horizontal line: for the 
lanthanide series it is 5d and for the actinide series it 
is 6d. “The next highest energy level’? must be taken 
as 4s, 5s, or 6s for’ the secondary elements, 4f for the 
lanthanide series, and 5f for the actinide series. 

For example, the superscript for uranium indicates 
that in its ground state, supposedly, by spectrographic 
evidence; this atom has one electron in a 6d level; 
consequently it will only have three, instead of four, 
in its 5f level. On the first flap, chromium has five 3d 
electrons and only one 4s electron. 

The difference in energy between levels with the 
same (n + 1) number is very slight. The superscripts 
suggest the ease with which the last electrons of 


secondary and tertiary elements can shift into other § 





1 Wricugy, A. N., W. C. Mast, anp T. P. McCurtcuzon, J. 
Cuem. Epuc., 26, 216, 248 (1949). 
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such levels. With the expected exceptions of zinc, 
cadmium, and mercury, the secondary elements nearly 
all have variable valencies, colored solutions, and para- 
magnetism. 

The letter s, p, d, or f means that | equals 0, 1, 2, or 
3, respectively. 

The tabular method predicts exactly the same con- 
figurations as does the (n + 1) rule, published first, 
apparently, by Wiswesser,? for the whole ninety-six 
elements. By this rule, the last electron takes the 
available quantum state with the lowest (nm + J) num- 
ber. If this is still ambiguous, the available state 
with the lowest 7 is selected. 


CONCLUSION 


This proposed form of the periodic table of the 
elements possesses three chief material advantages: 





2 WiswEsseER, W. J., J. Coem. Epuc., 22, 319 (1945). 


1. It is very simple in appearance. 

2. It is highly informative: it clearly demonstrates 
the primary, secondary, and tertiary chemical relation- 
ships plus electron configuration, and clearly separates 
the nonmetals from the metals with a straight line. 

3. It is probably the most compact arrangement 
possible. 
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IMPROVEMENT OF LABORATORY GAS BURNERS 


THE flame characteristics of natural gas are so dif- 
ferent from those of manufactured fuel gases that a 
change in gas supply from manufactured to natural gas 
necessitates the alteration of all gas-burning appli- 
ances. However, the necessary changes in Bunsen- 
type burners have usually been overlooked. 

As a result of this difficulty the National Bureau of 
Standards secured and tested sixteen different labora- 
tory-type Bunsen Burners, eight of which were of the 
Meker type and eight straight-tube burners. To fulfill 
laboratory heating requirements the Meker-type burner 
should be capable of producing a hot, stable flame at gas 
rates up to 10,000 B.t.u. per hour, and the straight-tube 
burners should be usable at rates up to 5000 B.t.u. per 
hour. The burners tested gave only 6363 B.t.u. per 
hour for the Meker burners and 2781 B.t.u. per hour for 
the tube burners. 

A comparison of the dimensions of the sixteen burners 
with the fundamental relations for good burner opera- 
tion brought out three major reasons for their unsatis- 
factory performance on natural gas. 

(1) Too Small Port Area. A Meker burner should 
have at least one square inch of free port area in order 
to deliver as much as 10,000 B.t.u. per hour; only two 
of the eight Meker burners examined have ports as 
large as one square inch. From the results obtained on 
the straight tube burners a port area of at least 0.15 
square inch should be provided if rates up to 5000 B.t.u. 
per hour are desired. Only one of the straight tube 
burners had a port as large as 0.15 square inch. 

(2) Improper Throat Size. Results both from this 
study and those conducted by other investigators show 
the need of a throat with an area equal to 40 per’ cent 
of the port area if optimum air entrainment is to be 


obtained. Most of the burners were unable to inject 
enough air to give a satisfactory flame with an orifice 
of adequate capacity. Only three of the Meker burners 
had throats close enough to the 40 per cent requirement 
to approach optimum conditions. 

(3) Insufficient Primary Air Opening. Results 
showed a need for an air opening equal to at least 2.25 
times the port area in order to insure sufficient primary 
air. A burner may be designed with a large enough 
port area and the proper venturi throat to inject a 
high percentage of primary air but may be prevented 
from doing so because of too small an opening for the 
air to enter the mixing tube. Of the sixteen burners 
only five had a ratio of air-shutter opening to port 
area as large as 2.25. 

In addition to these three factors, use of the proper 
orifice size is equally important. The orifice size should 
be such as to give the maximum desired gas rate when 
used in its wide open position, and the heedle should be 
used only to reduce the rate below this maximum. 

Fortunately, most of the changes required in these 
burners are not difficult to make. Two burners, one a 
straight tube and the other a Meker type, were modi- 
fied in Bureau shops so that they complied with the 
requirements outlined above. These burners were then 
retested and found to be greatly improved. The Meker 
burner gave a hot, stable flame at all rates up to 10,000 
B.t.u. per hour and the straight tube burner could be 
satisfactorily used at rates up to 5000 B.t.u. per hour. 

The results, together with a demonstration of re- 
designed burners, were presented recently to a group of 
interested manufacturers; as a result of this meeting 
several manufacturers are redesigning their burners. 
The improved appliances will be available soon. 





BUSINESS ORGANIZATION AND ADMINISTRA. 
TION IN THE CHEMICAL INDUSTRY‘ 


Tx mis series of papers I hope that it will be possible 
to make a little clearer to those who expect to enter the 
chemical industry—and even other industries—the 
framework in which they will live. The hard part of it 
for me is to realize that, having been immersed within 
this framework for so many years, everything is not ob- 
vious to those who have been not so conditioned. A 
fish has never had a chance to be dry and cannot con- 
ceive of what a dry world would be like. To those who 
do not intend to enter the industrial world, and particu- 
larly the industrial chemical world, perhaps I may suc- 
c ed in giving a picture by which they can understand 
the situation, and in the case of those who are teachers, 
by which they can transmit to students a visualization 
of what is ahead of them. Fundamentally we hope to 
produce a better understanding between the industrial 
and educational groups, an understanding which at 
times seems to be woefully lacking on both sides of the 
fence. 


OUTLINE OF SERIES 


In this first lecture I hope to sketch for you why we 
have to have an organization, what it consists of, the 
various types we have to choose from, and why we make 
the choices we do. In the second lecture I will trace the 
course of the idea through research, development, en- 
gineering to production, and the ways in which these 
various steps are integrated. 

Since no one, at least willingly, produces goods to 
store in warehouses, the third lecture will discuss the 
means we have developed for getting these products 
from the laboratory into active commercial sales. In 
these three lectures we will be talking about things, 
their conception, production, and distribution. But 
men are more important than things, and although in 
talking of human values, it will be with particular ap- 
plication to engineering, by a few simple changes in 
wording, what I say will be applicable to almost any 
walk of life. 


INTRODUCTION 


The chemical industry is a rather peculiar one. It 
seems to have no beginning and no end. On the raw 
material side it merges into mining or even sometimes 
into metallurgy. In the center we may suppose there 
should be included the manufacture of chemicals, phar- 
maceuticals, plastics, and so forth. But over on the 





* This is first of a series of four talks given by Frank J. Curtis at 
the University of Illinois in the fall of 1948. 
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other end we have rubber, petroleum, soap, lime and 
cement, and others. And still further out there are in- 
dustries which have decided chemical aspects such as 
food and textiles, becoming more and more consumers 
of chemical goods. Much that I will have to say applies 
to all of these industries as well as what we might call 
the kernel of the chemical industry, the manufacture of 
chemicals themselves. 

But why have aa organization anyway? Let us take 
the man with an idea, as a starting point. If nothing is 
done beyond talking, no organization will be necessary, 
and no results will be accomplished. Unfortunately, 
this seems to happen in a great many ca-es. However, 
the first thing such a man must do is to find out if the 
idea works. Immediately he is up against the necessity 
for finance, for either he has to work on the idea himself 
or hire someone to doit. At any rate, it adds up to pro- 
viding research and pilot planting, however embryonic. 
Whether the inventor does his own work or not is be- 
side the point, because if he were not working on this 
he could sell his services elsewhere and therefore he is 
really spending money. If the research work looks suc- 
cessful he or someone must spend money for design and 
plant construction, must provide steam and power, wa- 
ter supplies, sewers for effluents. So we involve engi- 
neering and finance. 

When the plant is built he or someone must run it, in- 
volving choosing, hiring, and handling of labor, purchas- 
ing of supplies and raw materials, and the calculating of 
costs. So now we have added to our staff, personnel and 
labor relations, purchasing, accounting, and again f- 
nance for the working capital, the latter a weight often 
neglected. However the product has no value unless it 
is sold and resold. Nobody ever made a path to a 
mousetrap unless he had heard of it. Yet no sales force, 
even the Fuller brush men, can hope to reach all the po- 
tential customers, hence he must do advertising. If the 
product is unique, it should be patented, and thus there 
must be legal advice. 

Obviously one man cannot do all of these things, and 
when two men work together organization begins. You 
will remember that lack of organization ruined the Gar- 
den of Eden. Organization defines the relation between 
human beings working together, and administration 
keeps the scheme moving. While the illustration above 
has been drawn from the chemical industry, all types of 
industry, trading, and farming have similar problems. 

So now we have all these various functions to be put 
together. We have finance and research, pilot plants 
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and engineering, construction and labor relations, pur- 
chasing and accounting, sales, advertising, patents, legal 
matters. How are they to be meshed into a smoothly 
running machine? 

In the organization of industry first came the sole 
owner with full liability, a plan satisfactory in the sim- 
ple beginnings, but obviously limited by the capacity 
and fallibility of one man. Then followed the partner- 
ship with the division of responsibility between several 
but still a few men, each of whom had full liability for 
the company, at leasi in the primitive form. This was a 
great advance and served quite well for medium sized 
operations and where great aggregations of capital were 
not necessary. Finally the big frogs had to call on the 
little frogs and we now have the limited liability com- 
pany where the most you can lose is your own share. 
Obviously with thousands of shareholders no one of 
them can devote much time to the business, so that the 
management, that is, the administration, is in the hands 
of hired help, responsible to the shareholder-owners for 
results. 

While organizations for administration differ some- 
what in these three stages, we are largely concerned in 
the chemical industry with the third or limited liability 
company and will confine our attention to that. There 
are two main types of organization to be indulged in, 
centralized and decentralized. There has seemed to be 
a tendency to move from the former to the latter, and 
for the smaller companies to be in the centralized class 
and the larger in the decentralized. Plenty of examples 
can be given contrary to these generalizations, which 


seems to be the fate of generalizations in general. 


CENTRALIZED TYPE 


In the centralized type all of any given function is 
headed by one individual, and in turn all of the func- 
tions by one man. Let us build up a chart for this type 
of organization. 

We may have considerable variation within the prin- 
ciple of centralized control. For instance, patents may 
be under research; purchasing and personnel may be 
under production; in smali companies research, engi- 
neering, and production may be under one head, and 
sales and administration under another. All possible 
variations may be played on the tune, provided one 
keeps the key of one man control. 

The centralized type of organization has something 
to commend it. As a matter of fact, if it were not for 
some of its major faults, it might well be the best type. 
It should be possible to make quick decisions and to 
have quick action in each of the major fields. However, 
in practice the necessity for each layer getting the ap- 
proval of the layer above, increases the viscosity be- 
yond the ability of any viscosity index improver to re- 
solve. Coordination across the fields is easy, because, 
as we have drawn the chart, there are only five men in- 
volved. In this type everyone is in a definite niche. He 
knows his prerogatives and his limitations, a comfort- 
able if not progressive feeling. However, there are only 
five top jobs to be aspired to by the whole organization. 
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This puts a limit to the number of the ambitious, who 
fly to more open country. One poor executive in a top 
position can be disastrous. The organization tacitly 
assumes that in a given field, one man can know every- 
thing, and the assumption of omniscience seems to be 
attractive to the human race. Above the group leader- 
supervisor level there is very poor opportunity for train- 
ing, and expansion is limited to the capacities of a few 
individuals. 


DECENTRALIZED TYPE 


In the decentralized type most functions are split up 
between a number of men. It is a form largely applic- 
able to the bigger companies, particularly those with a 
number of scattered plants or diverse operations. Let 
us build up a chart of this type of organization. 

Here we have the possibility of unlimited expansion 
in area and diversity of operations. Under the central- 
ized plan, area expansion is not so difficult, but a desir- 
able degree of diversity is hard to attain. For instance, 
the manufacture of chemicals and plastics follows quite 
widely different types of operation. Their marketing is 
distinctly in different classes. In the first, the market is 
largely to other manufacturers by rather good-sized 
contracts. In the second there are hosts of small mold- 
ing companies and manufacturers of plastic objects, 
who buy almost from day to day and sometimes from 
hour to hour. The same difference exists between the 
production and marketing of products which are inter- 
mediate in further manufacture, and the fabrication of 
final products. How often will the same type of organi- 
zation handle both functions satisfactorily? Most com- 
panies who have attempted to produce retail products 
and sell them through the organization merchandising 
intermediates, have failed. There seems to be a degree 
of mental conditioning necessary to fit either field, which 
conditioning like most is not interchangeable. 

Under the decentralized system there are a number of 
top jobs in each category; that is, there are as many re- 
search directors, and so forth, as there are divisions, and 
often there is a central research laboratory as well, in- 
dependent of the divisions. This gives more men to 
choose from for topmost jobs and more top opportuni- 
ties to be looked for. Such a situation builds men. 
Building men is the prime and most difficult job of any 
company. 

In the decentralized case no one executive can ruin 
the company. He may make a big dent but he usually 
cannot destroy. Nearly always there arises competition 
between divisions, resulting in keeping the staff thor- 
oughly on its toes, intramurally and extramurally. 

This intramural competition, while on the whole ben- 
eficial, does lead to the big difficulty with the decentral- 
ized type of organization, namely, lack of coordination. 
If one gives the control of each division to an active 
and pushing general manager—and no other kind is 
worth while—it is obvious that each one of them is going 
to try to outshine the other, and there may be a tend- 
ency to hold the cards close to the chest. Overlapping, 
particularly in selling, may take place. Instances have 





been known where salesmen from two divisions call on 
the same customer to sell two different products for the 
same purpose. Overlaps also can take place in research 
and production, without a competent coordinating au- 
thority. Rivalry to excess can be as bad as planning 
ad nauseam. 


CRISSCROSSING 


Any intelligent person after a little study can see that 
there are many possibilities of combining the two main 
types of organization, and the degree to which they can 
be combined will depend much on individual prefer- 
ences and circumstances. In the decentralized type, 
coordination is capable of a considerable amount of de- 
velopment, and I will sketch to you what has hap- 
pened over the years in the Monsanto Chemical Com- 
pany in the coordination of research. 

When we first split the company in 1939 into a num- 
ber of divisions, each with its own research department, 
it became obvious after a short period of time that there 
was a considerable tendency for the research depart- 
ments to diverge and pay no attention to the activities 
of each other. Many times duplication of effort existed. 
We formed therefore what has been called the General 
Research Committee, which in the beginning met about 
three times a year, and consisted of the heads of the 
various research departinents, a few general executives, 
and the heads of the technical sales and divisional com- 
mercial development departments. Over a period of 
years a number of organs of coordination were evolved. 
It so happened that each research director had to pre- 
pare for his general manager a condensed monthly re- 
port of the activities of his department. It was there- 
fore agreed that each of them would send copies of this 
report to all of the others, so that in a matter of a couple 
of hours’ reading per month, each research director was 
enabled to keep in touch with what the others were do- 
ing, not in great detail but in sufficient to enable him to 
judge whether the problem worked on was of interest to 
his division or not. It was interesting to note a big in- 
crease in crossdivisional correspondence between re- 
search directors after the inauguration of this system. 

Eventually a plan was also set up whereby, whenever 
a final research report was produced by any one divi- 
sional laboratory or the Central Research Laboratory, a 
notification of title, author, and a brief abstract was sent 
to all the others, who were then free, if the subject was 
of interest, to ask the issuing division for a copy of the 
report. Finally we evolved a research gossip sheet, 
whereby tidbits from the monthly progress reports were 
put together on one sheet of paper and circulated 
through the developmental forces of the company, often 
asking for ideas, telling what products were available 
for further work, and what special techniques had been 
evolved, and occasionally what new products were be- 
ing placed on the market by other companies which 
could be regarded as likely new raw materials. 

After this system had been at work for a few years we 
began to hear grumblings from other groups, particu- 
larly the engineers, who claimed that with respect 
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to research they were the forgotten men. Since en- 
gineers rarely lack for tongue the complaint need not be 
taken at its face value. However, we have set up an 
Engineering Coordination Group which is now in the 
process of evolving its own means of coordination be 
tween the engineering forces of the different divisions, 
Their methods will not be the same as those of research, 
but we believe they will be equally effective. 

Recently a further move has been made. Two vice- 
presidents have been appointed, one to coordinate sales 
policies and practices, and the other to coordinate re- 
search over the company at large. To the first has been 
assigned direct charge of the Foreign and Advertising 
Departments, which are part of sales, with a coordinat- 
ing function over the sales activities of the various divi- 
sions, the direct authority remaining as in the past in 
the hands of the general managers. The vice-president 
in charge of coordinating research operates in a similar 
manner with direct charge of the Central Research De- 
partment, the Patent and General Development De- 
partments, and a coordinating function over the divi- 
sional research laboratories. To say that the gentlemen 
in question must be supreme diplomats, is putting it 
mildly. Whether the system will work any better or 
not, is hard to say, but we are attempting bravely to 
solve the problems of coordination of a decentralized or- 
ganization without falling into the trap of one man con- 
trol. ° 


FACTORS IN INFLUENCING CHOICE 


How should one choose between these two possibili- 
ties and the crisscross variations? There is no mistake 
about it that personal preferences enter in. Those who 
are natural autocrats will choose the centralized type. 
They will feel that dependence upon a few good de- 
ciders, oftentimes extracted from companies where they 
were brought up under similar influences, will be more 
advantageous than the building up of men themselves. 
To my mind this is a predatory point of view. Stealing 
executives is a confession of failure to plan. The size of 
the operation is undoubtedly a factor, but there can be 
no exact limits in the line of demarcation. It is possible 
that one might take the figure of $50,000,000 of sales 
per year as a rough dividing line. At least I think that 
you will find that in the chemical industry most com- 
panies above this size have a considerable degree of de- 
centralization. 

The more widespread geographically the plants are, 
the more is the tendency to favor a decentralized or- 
ganization. It is impossible for an executive in a cen- 
tral city to know enough about the details affecting op- 
erations in a dozen widely different localities, to make 
intelligent decisions in finite time. Good guessers may 
win for a short period, but the cards are stacked against 
them for the long game. Likewise a wide variation in 
types of products favors the decentralized type. It is 
difficult enough to know all the factors in one kind of 
business without being skilled in two or three. The net 
result of overburden is slipshod operation. Decisions 
are made by hunch or emotion. I would not have you 
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think that hunch or emotion play no part, they do. 
But anyone with scientific training realizes that it will 
be wise to keep them to a minimum. The genius may 
operate by criteria of his own, and does. But how do 
you know when you have got one? 

Therefore I would say that if the company is a small 
or medium-sized one, with a small number of plants lo- 
cated closely together, making only a few categories of 
products, it is possible that the centralized system will 
be best. But if this is not so, I would strongly advise 
spreading the risk. 


ADMINISTRATION 


In the decentralized type of organization the Exec- 
utive Committee is usually free of detailed administra- 
tive duties. It is their job to sit back and study the 
company as a whole, set policies, and to exercise finan- 
cial control. Each year every division and department 
is required to set up their budget for the following year. 
The sales departments figure out how much they can 
sell of each product during the coming year. They uti- 
lize the services of statisticians, of market and economic 
research personnel, and the best guesses of their own 
salesmen. It is surprising how well they can do it, as at 
least in our company they rarely are off more than five 
percent. It is a mass effort of a large number of men 
with their fingers close on the pulse of customer indus- 
tries, conditioned by the reflections of the general exec- 
utives viewing the larger picture. 

It is much simpler for the production departments to 
take these sales figures and guess at the cost of manufac- 
turing the items involved. Both must make allowance 
for the new products coming out of research and devel- 
opment, a field naturally more difficult to guess and 
more likely to be wrong. Advertising is also built on 
the estimate of potential sales of old and new products, 
and one must watch out to see if the spectacularly new 
is not unduly favored over the bread-and-butter old. 

Each division also estimates its expected capital ex- 
penditures for the year, which gives a guide to financing. 
In most companies there is a graduated scale for ap- 
proval of capital projects, with a certain sum allocated 
to general managers of divisions on their own responsi- 
bility, a larger sum requiring approval of the project 
by the executive committee, and beyond that the ap- 
proval of the Board of Directors. After the budgets 
have been agreed upon no changes may be made with- 
out the approval of the Executive Committee within 
their degree of authority, or if beyond that, by the 
Board of Directors. 

The line organization, by which I mean the general 
managers and their staffs, settles questions of research 
and engineering programs within the budgets ap- 
proved, makes project estimates, handles production, 
labor, costs, and sales. These questions do not come to 
the Executive Committee beyond the setting of the 
budget unless things go wrong. Then the heat begins. 
The staff departments function within their budgets 
and must sell their services to the line organizations, 
this demands the greatest ability of the staff director. 


FINANCE 


Money may be vulgar but it is extremely necessary, 
and where does the money come from? Finance is usu- 
ally the business of the Executive Committee, assisted 
by internal and external assistants, and checked and 
approved by the Board of Directors. Sources are sev- 
eral. Few companies pay out all of their profits in div- 
idends and the undistributed profits are put back in the 
company for further expansion. It does not take much 
knowledge of arithmetic to see the effect of the so-called 
excess profits taxes. If, as was the case during the re- 
cent war period, the profits are taxed to the extent of 
85 per cent, there is very little left to put back into new 
buildings and equipment. Expansion lags and few new 
jobs are created. Another method of financing is by ob- 
taining loans from banks or insurance companies and by 
the issuance of debentures which in essence are also 
loans from the individual investor, paying a fixed rate of 
interest and usually with provision for a definitely 
timed method of repayment. Somewhat similar is the 
sale of preferred stock to the public, carrying a fixed 
rate of dividend. In both of these the company guaran- 
tees some of its investors a preferred position or lien on 
the profits, though of fixed amount. Common stock is 
the real venture capital, the real life blood of industry, 
by the purchase of which the investor becomes a real 
shareholder, taking his chance with the ups and downs 
of business fortunes. If there are no profits, all lose. If 
there are some, the loans and debentures may have first 
call, and the preferred stock next. It is what is left that 
goes as dividends to the common stock and to the undis- 
tributed profits, which in the long run serve to increase 
the value of the common stock, to which it belongs. 

The choice of different methods of financing has to be 
watched very carefully. There are times when it is prof- 
itable to use any one of these methods. Financial acu- ‘ 
men consists of picking the most advantageous, and the 
strength of the corporation depends quite as much on 
its financial structure and the handling of money as on 
research and engineering programs, a fact somewhat for- 
gotten by technically trained minds. 


CONCLUSION 


An organization, no matter what its’ structure, is as 
good as the human beings in it. Therefore the choice of 
those who comprise the organization is of supreme im- 
portance, far greater than the type of processes, and 
design of plant involved. Education plays a tremen- 
dous part and fundamental human values even a greater 
one. Spirit starts at the top. Whatever the top of the 
organization is, so will be the bottom. Men who grow 
are few and we do not yet know what makes them do so. 
It is the tremendous problem of our educational insti- 
tutions to find out those who have within them capa- 
bilities for indefinite growth and to see that they have 
the means to attain the limit of their possibilities. It is 
the tremendous problem of our whole social organiza- 
tion to see that those who fundamentally have these 
qualities are given the necessary training to bring them 
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to fruition. That problem is far from solved, nor are 


we in agreement as to the methods which should be 
taken. We have built up a tremendous machine for im- 
parting mental knowledge, but we are woefully lacking 
in instruments of teaching spiritual wisdom. 

The function of the chief officers of any company is to 
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build teamwork and to train their successors. He who 
makes himself indispensable remains in the same spot. 
Given the right kind of men, almost any organization 
can be made to work, but though a hobbleskirt may sat- 
isfy the demands of decency, it is hardly a wise cos- 
tume for a hundred-yard dash. 





NEW METALS FOR OLD! 


Enainegrs can now choose their metals with more regard for 
the properties needed and the basic abundance of the metal. 
Choice hitherto has been determined largely by the ease of 
extracting the metal from its ore. Thus, copper, one of the 
earliest known metals, is among the less plentiful in terms of 
occurrence in the earth, while aluminum, the most abundant 
metallic element, and magnesium, the third most abundant, are 
considered modern metals. The revolutionary possibilities of 
readjusting this situation by developing better refining processes 
have been seen in the rise of other metals. They are yet to be 
seen for such metals as molybdenum, titanium, zirconium, and 
tantalum. 

Molybdenum is finding use as a structural metal, now that new 
manufacturing techniques permit a wider range of sizes and 
shapes. Although it has been known for years as an alloying 
constituent of ‘‘moly steels,” and as supporting wire for tungsten 
filaments in incandescent lamps, large molybdenum parts were 
restricted by the size of ingots. A new process makes ingots up 
to 450 pounds available, as well as large tubes and cyclinders, 
and new uses are under development. 

Because of its high melting point, about 4750°F., and its 
affinity for oxygen, ordinary methods of melting and casting are 
not possible. One method used is to form bars from molybdenum 
powder, under high pressure, and then to “sinter’’ or partially 
fuse the bars by passing a powerful electric current through them, 
in an atmosphere of hydrogen. The bars are rolled or forged, 
then worked to sheets, plates, or wire. The latest process for 
producing ingots involves melting and casting the metal under 
vacuum, with heat from an electric are. 

The primary demand for molybdenum has been in the electronic 
industry, but it has also been used for electrodes in electric glass- 
making furnaces, and as an electric heating element in furnaces 
where oxygen is excluded. Use in dies for die-casting high- 
melting alloys, such as brass, is being investigated, and experi- 
mental parts for the aircraft and petroleum industries have been 
produced. 

While molybdenum is not as abundant as aluminum, there are 
substantial deposits in the United States, which supplies about 
90 per cent of world requirements. The metal in powder form 
sells for about $3 a pound. . As improved manufacturing tech- 
niques and greater demand appear, the price may be further re- 
duced. 


TITANIUM SHOWS PROMISE 


Titanium is potentially a large-scale structural metal. About 
one and a half times heavier than aluminum, with corrosion prop- 
erties and strength equivalent to common stainless steel, titanium 


1 Reprinted from Industrial Bulletin of Arthur D. Little, Inc., 
No. 252, March, 1949. 





fills the gap between the light metals and the ferrous alloys. The 
large deposits of titanium ore have been mined for years to supply 
white titanium dioxide pigment to the paint industry, and about 
a ton or so of the metal is being consumed monthly for experi- 
mental work. As yet, however, there is no industrial application 
of titanium metal. 

Reduction to pure metal is involved and expensive, since titan- 
ium is highly reactive at elevated temperatures. The metal 
must be purified and melted in a vacuum or inert atmosphere, 
or compacted by pressing and sintering. At the present price of 
$5 a pound for sponge metal produced in a pilot unit, use is limited 
to specialty applications and as an alloying element. If process 
improvements are made and prices go down, titanium may some- 
time become competitive with stainless steel. 

Zirconium, the sister metal of titanium, is resistant to corrosion 
by many acids. In applications where this is an asset, zirconium 
may in time supplant tantalum, which is less plentiful and a half 
times heavier. Although most of the zirconium minerals used in 
this country are imported, there are substantial domestic deposits 
which may tend to lower the price when an economical recovery 
process is developed. 

Because zirconium is even more reactive than titanium, greater 
care must be taken to exclude air and moisture during reduction. 
The preparation and properties of pure zirconium are being 
studied at the Bureau of Mines. It has recently been reported 
that the metal may have possibilities as a structural material in 
atomic power plants. 

Tantalum is not plentiful enough for large-scale use (peak war- 
time production was just over 50 tons a year), but the metal has 
interesting possibilities. It is heavy and inert, totally unaffected 
by most acids, and this resistance to corrosion has made it useful 
in acid plants. First produced commercially in 1922, it was used 
in rectifier cells for the early battery-operated radio sets. Now 
its high melting point, 5200°F., makes it especially useful in the 
manufacture of high-vacuum radio tubes, where its low volatility 
at high temperatures and ability to absorb gases when heated are 
also assets. 

Tantalum has been used extensively in surgery, since it is not 
attacked by body fluids. Portions of bone have been replaced 
with tantalum, and braided tantalum sutures are particularly 
useful in plastic surgery. A recent development is a tantalum 
liner for the back of glass eyes, to reduce irritation of membranes 
of the eye sockets. 

The high price of tantalum in powder form, $38 a pound, re- 
flects the cost of the ore, $6000 a ton, which is scarce and dis- 
persed through Africa, Australia, South America, and the United 
States. Each ton of ore requires the removal of 3000 tons of 
rock. Although use will be restricted to special applications, 
expansion of the electronics industry may make tantalum a fa- 
miliar metal. 
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A SIMPLE BRIDGE BALANCE INDICATOR FOR 
CONDUCTANCE MEASUREMENTS 


For detection of the point of balance of alternating 
current bridges any device with the sensitivity of a good 
pair of headphones will suffice. The chief advantages 
offered by visual detection methods are freedom from 
fatigue for the operator and usability in noisy surround- 
ings. Many bridge balance indicators have been 
described,! some using meters and others employing 
electron-ray and oscilloscope tubes as the balance indi- 
cating components. In all probability none of the 
visual detection methods approaches the sensitivity of 
a tuned audio-amplifier working into a pair of head- 
phones, but the precision with which the point of 
balance can be read on most bridges seldom warrants 
such sensitiveness in the detecting device. 

The device described below and diagra:amed in Fig- 
ure 1, has been used for several years with an impedance 


bridge of the General Radio type, modified as shown - 


in Figure 2B, for the determination of the conductance 
of solutions. Lately this same device has been used 
with a General Radio type 650-A bridge without modi- 
fication, since it was found to be sufficiently precise 
for routine conductance measurements and for purposes 
of instruction. Nothing original is claimed for the in- 
dividual portions of this circuit,” but its performance as a 
unit and the simplicity of the operating procedure are 
such as to warrant recording ithere. The circuit consists 
of a conventional pentode amplifier, resistance-capaci- 
tance coupled to a triode amplifier (the triode section of 
the 6SQ7), the output being further amplified by a 3:1 
audio transformer and impressed on a diode rectifier. 
rhe rectified and filtered output of the diode section of 
the 6SQ7 is fed to the grid of the indicator tube. Point 
of balance is indicated by maximum width of the non- 
fluorescing sector of the 6E5 tube. Personal preference 
would call for minimum shadow angle rather than 
maximum, at the balance point; however, the sim- 
plicity of the circuit, freedom from adjustments, 
and slightly greater ratio of change of shadow angle to 
grid voltage change with the 6E5 tube argue for the 
maximum. None of the circuit values seems to be 
critical. Adequate filtering and decoupling are em- 





'Hacun, B., “Alternating Current Bridge Methods,” Fifth 
edition Pitman & Sons, Ltd., 1945, 616 pp. 

Méuuer, R. H., R. L. Garman, anp M. E. Droz, “Experi- 
mental Electronics,’’ Prentice-Hall, Inc., New York, 1942, 330 
pp. 

? The detector circuit is similar to that of Garman and Kinney 
(Ind. Eng. Chem., Anal. Ed., '7, 319 (1935)), and to many ether 
circuits appearing since then, most of which have been used in 
condenser checkers. 


E. B. THOMAS and R. J. NOOK 
John Carroll University, Cleveland, Ohio 
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Figure 1. Bridge-Balance Indicator 

ployed in the power circuit; all points at ground poten- 
tial are connected to the chassis by the shortest possible 
leads, and the chassis is grounded to the nearest water 
line during operation. This grounding of one side of 
the input of the detector (and output of the bridge) 
necessitates the use of transformer coupling between 
the oscillator and the bridge, but it allows the point 
of bridge balance to be determined without the use 
of a Wagner Ground. The built-in 1000-cycle source 
of the G-R 650-A Bridge incorporates such a trans- 
former. 

Sensitivity of the detector may be controlled by the 
1/-megohm input potentiometer and preliminary 
bridge balance adjustments should be made at reduced 

tee ‘che 
sensitivity, final measurements being made at full 
sensitivity. This practice is especially convenient, and 
indeed necessary, when voltages are equal but out 
of phase at the point of balance for the resistive ele- 
ments. 

Unless compensation is made for the phase shift 
introduced by the capacitance of the conductance cell 
complete balance cannot be attained, and the best 
indication obtained will be a slight hum if headphones 
are employed, or a nonfluorescing sector of consider- 
ably less than 90 degrees with an indicator of this type. 
In conductance measurements this difficulty is noticed 
when dealing with solutions of high ohmic resistance, 
and is likewise more pronounced the higher the fre- 
quency employed. The compensation usually em- 
ployed consists of a variable capacitor across either 
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Figure 2A. Normal Bridge 





Figure 2B. Ratio Dial Vernier 


of the arms adjacent to the cell, the numerical value 
of the capacitance required being a function of several 
variables such as the frequency of the a. c. employed, 
the ohmic resistance of the cell, the ratio of the fixed 
arms of the bridge, and which of the arms adjacent to 
the cell is to be shunted by this capacitance. By 
employing a bridge which is grounded as shown in 
Figure 2A complete compensation may be attained 
by use of a variable capacitor between point A and 
ground. In work of a routine nature at 1000 cycles per 
second on solutions whose ohmic resistances varied 
from 10 to 50,000 ohms it was found that point of 
balance could be determined without even the above- 


mentioned compensation, when the source of a. ce. 
was the built-in 1000-cycle hummer of the G-R 650- 
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A Bridge; with an external oscillator, compensation 
was necessary. In these measurements point of bal- 
ance was always approached with the detector at 
reduced sensitivity, measurements being taken at the 
highest practical sensitivity. The values of the resist- 
ances measured with and without compensation agreed 
within the precision with which the bridge could be 
read. 

In attempts to increase the precision with which the 
bridge could be read, a vernier rheostat (1100 ohms) 
and a selector switch controlling a decade of 1000- 
ohm precision, noninductively wound fesistors, series 
connected, were introduced into the conventional 
bridge as shown in Figure 2B, retaining the 11,000- 
ohm rheostat (variable arm of the bridge) but having 
this 11,000-ohm rheostat operative only when a non- 
locking push-button switch was depressed. By press- 
ing this button and varying the 11,000-ohm rheostat 
over its course, the point or region of balance may be 
quickly established. The selector switch may now be 
set to the nearest value of resistance lower than that 
indicated by the 11,000-ohm rheostat, the push button 
released, and final adjustment made with the 1100- 
ohm rheostat. If the bridge is to yield a reading 
directly in ohms this vernier rheostat must be calibrated 
from zero to full scale at either 10- or 20-ohm intervals, 
the scale being marked from 0 to 1.10 with the smallest 
division being 0.01 or 0.02 depending on whether the 
10- or 20-ohm intervals were chosen for calibration. 
While this vernier arrangement has worked satisfac- 
torily on one unit which has been in operation for four 
years, it is not considered of sufficient advantage to 
incorporate it into newer bridges. 
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PRECIOUS PALLADIUM 


Palladium, sister of platinum, has won acceptance both by the jewelry industry and the buy- 
ing public because it has all the attributes a metal for fine jewelry must possess, and because it 
has other distinctive characteristics. Among these is the tenacity with which palladium set- 
tings hold stones against loosening. Stone-setters like it too because when the beads which are 
to hold the diamond are forced down, the usually present danger of chipping the stone is practi- 
cally eliminated. Then, the natural untarnishable white color of the metal reflects light strongly 
and brings out all the fire and flash of the diamond while the light weight of palladium makes it 
ideal for earrings, dress clips, and similar items. 


Barbara Ann Scott, former World and Olympic Figure Skating Champion, possesses what 
are probably the most costly pair of skates in the world today. The skates, which were presented 
as a token of affection of the people of her native Canada following her recent professional debut in 
New York, have blades made of the precious jewelry metal, palladium, one of the metals of the 
rare platinum group. 


Cour 
Chemist 
Chemist 
Chemist 
Chemist 
Chemist 


=—_ 
_—_——_— 


Table 
Wlinr 
in Tabh 
abscisse 
shown i 

* Asso 
and Cher 

t Presi 
Universit 





SELECTION AND PERFORMANCE OF 


STUDENTS 


Favre in college is an unpleasant event for a 
student as well as for his family and preparatory 
school. It may have an adverse effect on the college or 
university that is involved. This is most likely to be 
the case where admission is based on standards, such 
as are provided by secondary school records and en- 
trance examination scores. When a student is admitted 
to a course it is implied that he has the necessary quali- 
fications to pass it. This view is taken, more often than 
not, by students, parents, and preparatory schools. 
Failures will occur and mistakes are certain to be made. 
It is not too much to expect that these be kept at a 
minimum, however. In order to approach this goal 
practical predictors of success must be found and then 
applied as admission requirements. 

In an effort to throw some light on this problem we 
have examined the secondary school records and the 
entrance examination scores of students entering the 
curricula in Chemistry and Chemical Engineering in 
the Towne Scientific School at the University of Penn- 
sylvania in the period 1937 to 1947. The records of 
the students before admission have been compared 
with their grades in Chemistry 101. The grades in this 
course, which is the prerequisite to all other chemistry 
courses in these curricula, have been shown to be a reli- 
able prediction of performance in the following courses. 


THE CHEMISTRY COURSES 


Information on the courses considered in this discus- 
sion is given in Table I. 





TABLE I 
Course Considered 


Semesters Hours 
Course per year _—per week 


Chemistry 101 11 
Chemistry 104 11 
Chemistry 107 8 
Chemistry 109 3 
Chemistry 121 6 





Description 





General Inorganic 
Qualitative Analysis 
Quantitative Analysis 
Organic (Lab. is separate) 
Physical 





Table II is a scatter diagram of grades in Chemistry 
101 in relation to grades in the other four courses listed 
in Table I. The Chemistry 101 grades are given on the 
abscissa with the number of students earning each grade 
shown in parentheses underneath the respective grade. 





* Associate Professor of Chemistry, Department of Chemistry 
and Chemical Engineering. 

t President, Reanons College; formerly Dean of Admissions, 
University of Pennsylvania. 


FRED HAZEL* and H. SHERMAN OBERLY/}{ 
University of Pennsylvania, Philadelphia, Pennsy]l- 
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TABLE IL 
COMPARISON OF GRADES IN CHEMISTRY COURSES 
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CHEMISTRY 101 GRADES 


The 61 students who earned A grades in Chemistry 101 
amassed a total of 76 grades of A in the other four 
courses. The 107 students who received D in the refer- 
ence course made no A’s in the other four courses, 
while only two of the 372 grades made by the C stud- 
ents were A’s. The average grade earned by each group 
in the four courses described in Table I is indicated by 
an arrow. Averages were computed from grade points 
assigned to each grade as shown in Table III. 
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TABLE III 
Values Assigned for Purposes of Computing Averages 


Letter Numerical 
grade grade 


90 

2 80 
- 70 
0 60 
—0. 
1 








55 
50 





The strong positive correlation between the grade in 
the introductory course and the performance in the 
more advanced courses is indicated clearly by the data 
in Table II. 

Mathematics 130 is a 5-hour-per-week course cover- 
ing plane analytic geometry and certain topics in college 
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algebra. The prerequisites are trigonomeiry and solid 
geometry. This course has been taken concurrently 
with Chemistry 101 since its introduction into the cur- 
riculum in 1947. A graphical comparison of the per- 
formance of the students in these courses during the 
past two years is given in Figure 1. The number of 
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pared with the preparatory school record and entrance 
examination scores. 


PREPARATORY SCHOOL STANDING 


Table IV shows the relationship between the pre- 
paratory school record, as revealed by the quintile 
standing, and the grade in the introductory chemistry 
course. 





TABLE IV 


Quintile Standing in Preparatory School Compared to 
Chemistry Grade 
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Figure 1. Comparison of Grades in Chemistry 101 and Mathematics 
130 


grades are plotted against the deviations. Positive 
deviations indicate that the mathematics grade was 
higher than the chemistry grade. Fifty-six, or 45 per 
cent of the students, made the same grade in both 
courses, while 86 per cent made grades which did not 
differ by more than one grade unit. The excellent 
agreement between the grades in the two courses is 
indicated by the sharp maximum at zero deviation. 
The high degree of symmetry indicates that the average 
grades were in close agreement. 

The above establishes the validity of the use of the 
Chemistry 101 grade as a standard for measuring the 
achievement of the students. This practice is employed 
in the following, where the Chemistry 101 grade is com- 
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Figure 2. Relationship between the Verbal Score and the Chemistry 
101 Grade 


Chem. 101, grade First Second Third = 
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Totals 470 


Av. grade pts. 
Numerical grade 
Passed, % 

“A” grades, % 





ENTRANCE EXAMINATIONS 


All students in this study took the Scholastic Aptitude 
Test of the College Entrance Examination Board. 
Since 1937 the test has not always included a mathe- 
matical section in addition to the verbal section. 
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Figure 3. Relationship between the Mathematics Score and the 
Chemistry 101 Grade 


Therefore, verbal scores are available for approximately 
650 and mathematics scores for about two-thirds this 
number of students. A correlation has been found be- 
tween the Chemistry 101 grade and both the verbal 
and mathematics scores. This is shown by the average 
(arithmetic mean) scores of students who earned 
A, B, C, D, E, and F grades. The data are given in the 
second and third rows of Table V and plotted in Figures 
2 and 3. 

The weighted averages of the verbal and mathe- 
matics scores, computed by considering the number of 
students, and the percentile rank corresponding to each 
average are shown also in Table V and plotted in Fig- 
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TABLE V 


Summary of the Relationships between College Entrance 
Examination Scores and Chemistry Grades 


Ee BERS 





Grade, Chemistry 101—> es 


Arith. mean 
Verbal score 
Math. score 633 617 584 514 495 

Weighted av., verbal & math. 609 576 550 499 484 

Percentile 8 77 69 43 


Spread 

Verbal score 405 465 

Math. score 285 345 405 300 
Standard deviation 

Verbal 99 96 

Math. 75 72 66 
Reliability coefficients 

Verbal 41.33 

Mathematics 54.53 





582 547 525 486 477 





ures 4 and 5. The percentile rank was estimated from 
Figure 6 according to standard practice. 
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Figure 4. Relationship bet.».e.. the Weighted Average of the Verbal 
and Mathematics Scores and the Chemistry 101 Grade 


Table V shows that both the spread and the standard 
deviation of the verbal scores are greater than those of 
the mathematics scores. In both cases the spread of 
scores goes through a maximum for C grades. A com- 
parison of the slopes of the curves in Figures 2 and 3 
shows that there is better correlation of the chemistry 
grade with the mathematics score. 

A quantitative measure of the correlation between the 
entrance examination scores and the Chemistry 101 
grade is shown by the reliability coefficients in Table V. 
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Figure 6. Relationship between the Percentile Rank and the Entrance 
Examination Score 
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Perfect correlation would have corresponded to reli- 
ability coefficients of 100. The correlation is good in 
each case, however, and is better for the mathematics 
score. 

Table VI represents a scatter diagram of the verbal 
score in relation to the chemistry grade. Twenty-two 
students had verbal scores between 712.5 and 800. 
Eight of these earned A’s, ten made B’s, while three 
received C grades and one received an E (condition). 
The average grade of each verbal range is given by the 
arrow. 


TABLE WI 
COMPARISON OF VERBAL SCORES AND CHEMISTRY GRADES 
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CHEMISTRY 101 GRADES 
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4725 


A scatter diagram of the mathema.ics score in rela- 
tion to the chemistry grade is given in Table VII. The 
sharp trend to lower grades with decrease in mathe- 
matics score is indicated clearly by arrows representing 
the averages. 





TABLE WI 


COMPARISON OF MATHEMATICS SCORES 
AND CHEMISTRY GRADES 
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DISCUSSION 


The introductory course in chemistry, which is used 
as the criterion of performance, screens the students 
effectively, as shown by the data in Table IT. Those 
who receive passing marks in this course may be ex- 
pected to acquit themselves in approximately the 
same manner in subsequent courses. On the other 
hand, those who do not pass have the opportunity of 
reorganizing their plans at an early point in their col- 
lege careers. It is better to be deterred from the wrong 
course at the end of one semester than to be forced to 
make the change at a later date. While the standards 
imposed in the introductory course are not of the nature 
to eliminate the incidence of failure in the advanced 
courses, they are high and in this respect are similar to 
those of the advanced courses. In this manner the 
students become aware early of the type of performance 
expected in these curricula. As a result, a substantial 
number improve their standing in the advanced courses. 
On the side of excellence, six of the approximately 500 
students entering the curricula between 1937 and 1945 
made A’s in all five of the courses. 





TABLE VIII 


Distribution of First Quintile Students by Percentile Rank 
- - on Basis of Mathematics Score 
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Table IV shows that the men who finish in the first 
quintile of their preparatory school make the best 
records. The average grade of this group is “C.”’ The 
wide spread of grades from 12.6 per cent A’s to 20 per 
cent not passing deserves comment. We are dealing 
here with the best students, even better than the first 
fifth indicates, since many were graduated from co- 
educational schools in which girls made up a part of the 
first quintile. For example, in one local high school 
thé first quintile of the 1949 graduating class was com- 
prised of 78 per cent girls and only 22 per cent boys. 

There are certain obvious reasons for a spread in the 
graces of the members of the first quintile. The sam- 
pling embraces a large number of schools and there is a 
variation in standards among them. An over-simplified 
view of the variation is to state that in some schools 
the emphasis is strongly in the direction of social devel- 
opment and extra-curricular activities, while in others 
stress is placed on scholastic achievement. A spread in 
grades is to be expected also from the fact that a rela- 
tively wide spread in abilities is represented by the top 
and bottom few members of any quintile. This is par- 
ticularly true of the first quintile. 

Some first quintile students reach this position by 
virtue of hard work and in spite of limited aptitudes. 
Such students are likely to fail in the curricula de- 
scribed. Other members of the first quintile may re- 
verse this pattern, being poor workers with good apti- 
tudes. These, too, will fail unless they correct their 
work habits. It is clear that the preparatory school 
records cannot be used to evaluate a group of students 
with precision at levels higher than the standards of the 
preparatory schools. With university courses of the 
type described here, the standards are higher. This 
results in the wide spread of grades for the members of 
a given quintile, as shown in Table IV. The agreement 
might be expected to be better between the preparatory 
school record and college performance when the stand- 
ards of the two coincide more closely. 

The two men in the second quintile who received A’s 
were graduates of different preparatory schools. Each 
of these schools has turned out more than the average 
percentage of successful students. However, both have 
graduated men in the first quintile who did not pass 
the introductory chemistry course. This is an indica- 
tion of the fact that the criteria available to the prepara- 
tory schools for evaluating students are limited in scope. 

Examination of the scores on the mathematical sec- 
tion of the College Entrance Examination reveals that 
there is a wide spread of scores among the members of 
the first quintile group. This is shown by the data in 
Table VIII. The same table shows that there is a 
strong correlation between the percentile rank and the 
performance in chemistry. This is shown in greater 
detail in Table IX. The verbal scores distinguish, with 
less precision, between students of different abilities 
within a given percentile group. This is shown by 4 
comparison of Tables VIII, IX, X, and XI. 

It is clear that the scores on the mathematics and 
verbal sections of the College Board Examinations are 
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TABLE IX 
Distribution of Chemistry 101 Grades by Percentile Groups on Basis of Mathematics Score 
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a distinct aid in supplementing the preparatory school 
record for purposes of selecting potential chemists and 
chemical engineers. Over 55 per cent of the students in 
the first quintile of their preparatory school graduating 
class with percentile ranks between 80 and 100 on the 
mathematics section of the entrance examination made 
A’s and B’s in Chemistry 101. Less than 7 per cent did 
not pass the course. While this method of selecting 
students is subject to some error, such as is introduced 
by the practice of some preparatory schools of coaching 
students for the examination, it is of greater precision. 

On admission to college a student enters a new educa- 
tional environment. His success depends largely on 
whether he can adjust himself to it. If he is mature 
encugh to have self-discipline and good work habits, 





TABLE X 


Distribution of First Quintile Students by Percentile Rank 
on Basis of Verbal Score 
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he has a fair portion of the ingredients of success because 
the only other critical requirement is good ability, and 
this should be assured by the admission criteria. 





TABLE XI 
Distribution of Chemistry 101 Grades by Percentile Groups on Basis of Verbal Score 
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Progress is but the stepping stone for further advancement. The Milwaukee Railroad was 
completely electrified in 1909, only to discover some thirty-five years later that the Diesel railroad 
engine is a reality in competitive transportation. The Lindberg beacon lights were scarcely 
installed when it was discovered that airplanes were to be guided by radio beams. What we do 
today may be obsolescent tomorrow, nevertheless today’s work must be done. 
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UNFAMILIAR OXIDATION STATES AND 
THEIR STABILIZATION 


Tue demands of the past decade have stimulated 
research into the chemistry of practically every element. 
One outstanding phase of recent, investigations has 
been the preparation and characterization of unfamiliar, 
t. é., little-known, oxidation states of well-known ele- 
ments. These investigations have shed much light 
on the very important problem of the stabilization of 
oxidation states. An attempt has been made in this 
paper to summarize in a qualitative fashion those 
aspects of the chemistry of unfamiliar oxidation states 
of well-known elements which are mentioned above. 
The approach utilized is suggestive rather than exhaus- 
tive. The survey is limited to cases where the groups 
bonded to the element in question have definite, gener- 
ally accepted oxidation numbers in the compounds; 
the carbonyls and nitrosyls are, therefore, excluded 
from consideration. Also, material concerning oxida- 
tion states existing only at high temperatures is not 
included. : 
The concept of oxidation state or oxidation number is 
frequently, particularly for covalent compounds, a 
purely arbitrary one. For simple ions the oxidation 
state, it is true, does correspond to the number of unit 
electrical charges on the ion; in this instance, therefore, 
the terms oxidation state and valence are synonymous. 
The concept, however, frequently loses its objectivity in 
the case of covalent compounds. For example, in 
the extreme instance of the compounds of carbon, in 
which this element exhibits a constant covalence of 
four, application of the oxidation state idea often leads 
to values for carbon which might be said to be almost 
entirely devoid of structural significance. With metals, 
however, where, in many cases at least, changes in oxida- 
tion state can be related to loss or gain of electrons in ex- 
perimentally realizable half-reactions, discussion of oz?- 
dation states is of more obvious chemical significance. 


THE IMPORTANCE OF THE STUDY OF UNFAMILIAR 
OXIDATION STATES 


In addition to suggesting numerous problems worthy 
of research, acquaintance with the chemistry of un- 
familiar oxidation states clarifies and extends many 
periodic relationships, and also, as has already been 
mentioned, «dds greatly to our knowledge of factors 
which, in general, influence the stabilization of oxida- 
tion states. These points are expanded in some detail 
below. 

An examination of the chemistry of the aluminum 
group (2. e., aluminum, gallium, indium, and thallium) 


JACOB KLEINBERG 


University of Kansas, Lawrence, Kansas 


emphasizes the fact that important periodic relation- 
ships have not yet been realized, perhaps because most 
of the work with these elements has been performed 
either in the dry state or in water as solvent. Uni- 
and tripositive states of thallium are well known and 
there is excellent evidence for unipositive gallium and 
indium (1), while the existence of the dipositive state 
for these elements is open to question (2). The data 
from a few scattered experiments on the anodic oxida- 
tion of aluminum in various solvents (3) may best be 
explained on the assumption that some of the metal goes 
into solution in an oxidation state lower than three. 
Striking proof that aluminum, gallium, and indium, 
when anodically oxidized in anhydrous acetic acid, 
enter solution in lower oxidation states is offered by 
some recent work (4). In the cases of the two first 
named, there is no doubt that at least some of the metal 
is oxidized to the unipositive state. Much remains 
to be done with this group of elements, particularly in 
nonaqueous solvents. 

Research on the unfamiliar oxidation states of the 
copper group has brought into much clearer focus the 
great similarity of these elements, particularly of 
copper and silver, in their higher states. For example, 
there havé been prepared a series of remarkably similar 
complexes containing copper and silver in their tri- 
positive states bound to the periodate or tellurate 
group (5). Compounds of the elements of the copper 
group in each oxidation state from +1 to +3, with the 
exception of +2 gold, are now well known. Most of 
the compounds of dipositive silver and of tripositive 
copper and silver are complex in nature. 

The preparation of element 85, astatine, by the bom- 
bardment of bismuth of mass 209 with 32-m. e. v. 
alpha particles, and the subsequent observations on its 
chemical properties (6), have brought to light some 
interesting relationships within the halogen family. 
The behavior of astatine, in many of its reactions, is 
that of a typical metal; for example, hydrogen sulfide 
precipitates element 85 quantitatively as sulfide in 
hydrochloric acid solution up to 6 normal. At first 
glance, this is extremely surprising, but it appears less 
so when it is realized that iodine, the element above 
85 in the family, also possesses some metallic character- 
istics. Indeed, compounds in which iodine exists as 4 
unipositive ion stabilized by coordination with-organic 
amines have been prepared (7). The behavior of 
astatine is also in line with the increased metallic 
character of the elements in a given group with increas- 
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ing atomic number from carbon to lead, nitrogen to 
bismuth, and oxygen to polonium. 

Investigations in the field of unfamiliar oxidation 
numbers have considerably increased our information 
concerning the general problem of the stabilization of 
oridation or valence states. The term, stabilization 
of valence states, is used in the chemical literature in two 
ways: first, stabilization with respect to oxidation or 
reduction or both, an effect which may be expressed in 
terms of changes in oxidation-reduction potentials (8); 
and second, the preparation of the desired state of the 
element under conditions which permit either its isola- 
tion and study, or its examination in solution. 

The following pertinent observations on this subject 
may be made: 

(1) Higher oxidation states are frequently formed 
and stabilized in alkaline solution. This is not surpris- 
ing in view of the increasing acid character of oxides 
with increasing oxidation state of the central atom. 
Numerous investigators have shown that the anodic 
oxidation of iron in concentrated alkali converts iron 
to the +6 ferrate, FeO,-, state (9), and that increasing 
akkali concentration favors ferrate formation. Oxida- 
tion of cupric hydroxide of alkaline solution with 
sodium hydroperoxide, NaOOH, apparently gives 
copper(III) oxide (10). Determination of the voltage- 


current curve for a silver anode in sodium hydroxide 
solution gives breaks corresponding to the formation 
of AgeO and AgO (11). 

(2) Negative groups containing a central atom of 


high oxidation number have been found to stabilize 
high oxidation states. Heteropolymolybdates of co- 
balt(IV) and nickel(IV) of the formulas 3K:0-CoO,- 
9Mo00; -61/ 2H.O and 3Ba0-NiO.-9Mo0O;-12H20 have 
been characterized (12). The periodate and tellurate 
groups have frequently been used for this purpose. 
Reference has already been made to complexes of 
tripositive copper and silver containing these groups 
as stabilizers (6). It is interesting in this connection 
that all. of these compounds are obtained in alkaline 
medium. Evidence has been presented which indicates 
that the dipositive silver formed when silver nitrate in 
nitric acid solution is treated with ozone, exists in the 
form of nitrate complexes (73). 

(3) Lower oxidation states have been stabilized by 
means of groups, or in solvents, which possess reducing 
properties. Complexes of dipositive chromium with 
hydrazine are extremely stable in air; in fact, some of 
the compounds are not oxidized even when suspended 
in water and stirred with air. The stability of these 
complex compounds has been attributed to the reducing 
properties of hydrazine (14). Undoubtedly, however 
the stability of these hydrazine complexes is in part 
accounted for by their insolubility in water. 

The importance of the role of the solvent is clearly 
demonstrated by the fact that it is possible to isolate 
and study complex cyanides of nickel(O), nickel(I) (75) 
and palladium(O) (1/6) by the reduction in liquid 
ammonia of cyanides containing the metals in higher 
oxidation number. Aqueous solutions of the complex 


‘double- and single-bonded structures (17). 
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cyanide of nickel(I) have been obtained also, but they 
are rather unstable, partly because of the oxidizing 
action of water. No evidence, however, has been 
obtained in aqueous solution for the more powerfully 
reducing nickel(O) or for palladium(O). 

(4) The suggestion has been made that the complex 
cyanide ions, Ni(CN),* and Ni(CN);~, containing zero- 
and unipositive nickel, respectively, resonate between 
Such 
resonance would contribute to the stability of these 
ions. 

(5) Actual or near attainment of certain electronic 
configurations enhances the stability of many oxida- 
tion states. With regard to comparatively little- 
known states this is exemplified in the case of the 
“anomalous” valences of the rare earths. It has been 
proposed, on the basis of quantum mechanical consider- 
ations, as well as chemical observations, that an f 
subshell is most stable when it has 0, 7, or 14 electrons 
(18). This explains the stability of the Cet‘, Eu*’, 
Tb‘, and Yb*? ions. Tetrapositive cerium possesses 
no 4f electrons. Dipositive europium and tetrapositive 
terbium have a half-completed 4f shell, whereas +2 
ytterbium has this subshell filled. The same hypothesis 
also provides a reasonable explanation for the existence 
of Sm+? (4f*) and its lesser stability as compared to 
dipositive europium. Similar considerations are per- 
tinent to a discussion of +4 and +5 praseodymium. 

They account also. for the transition in preferred 
oxidation state from +6 for uranium to +3 for ameri- 
cium and curium (19). Apparently there is an increase 
in the stability of the 5f subshell as it approaches a half- 
filed condition. Curium, which probably has seven 
5f electrons, appears to exhibit an oxidation state of 
+3 only. Presumably, the half-completed subshell 
does not participate in chemical combination. 

(6) The solubility of the substance of desired 
oxidation state frequently is a factor in its stabilization. 
The probability that the stability of the hydrazine 
complexes of dipositive chromium may be attributed 
in part to their insolubility has been mentioned. 
There are numerous other examples of the contribution 
of insolubility to stabilization, of which only a few will 
be mentioned. The preparation of cqpper(III) oxide 
by oxidation of cupric hydroxide in strongly alkaline 
schition (10) is undoubtedly favored by the insolubility 
of the product. The reiationship of structure to the 
stability of dipositive europium has been discussed, 
but there is no question that the stability of europium 
(II) sulfate is further enhanced by its insolubility in 
water, the medium in which it is prepared. 

(7) Both crystal structure and oxidation state in one 
compound may play important roles in promoting the 
formation of a certain oxidation state in a second com- 
pound. Although this phenomenon appears to be 
rather general, only two instances will be cited here. 

Cerium(IV) oxide markedly catalyzes the formation 
of PrO, when praseodymium oxide is heated in high 
concentrations of pure oxygen (20). In fact, it has 
been claimed that the catalytic effect of small amounts 
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of ceria has been responsible for the contradictory re- 
sults obtained. in the study of the higher oxides of 
praseodymium. 

Attempts to precipitate low concentrations of manga- 
nese dioxide on y-alumina, by heating a solution of man- 
ganese(II) nitrate on the latter, result in the conversion 
of the manganese to the sesquioxide only. In order to 
obtain conversion to manganese dioxide it is necessary to 


support the manganese on a high area rutile, TiO.. This’ 


phenomenon has been named valence inductivity (21). 

(8) Specific instances of stabilization of unfamiliar 
states by coordination have already been cited. There 
is, however, one phase of stabilization by coordination 
which is worthy of special emphasis. Molecules or 
ions capable of chelation, 7. e., of occupying two or 
more coordinating positions and forming rings (pref- 
erably five- or six-membered rings), in general yield 
more stable compounds than coordination groups 
occupying single positions. Numerous examples of the 
great stabilizing effect of chelation are available in the 
literature. 

Of particular interest to this discussion is a report of 
recent work (22) which has implications which may be 
of general utility in stabilizing low (and perhaps high) 
oxidation states. It was demonstrated that the oxida- 
tion state of cobalt in complexes with azo and azo- 
methine dyes depends upon the nature of the dye mole- 
cule. The critical factors determining the oxidation 
state of the cobalt are the number of replaceable 
hydrogen atoms in the positions ortho to the azo or 
azomethine group and also the total number of positions 
available for coordination. 


For example, the metal is found to be in the +3 
state in the complex with dye A which contains one 
replaceable hydrogen; since there are only two coordi- 
nation positions available for binding, three dye residues 
are necessary to give the cobalt a coordination number 
of six. On the other hand, dye B, which also possesses 
one replaceable hydrogen, fills three coordination 
positions and only two molecules of dye are necessary 
for attainment of coordination number six; thus, 
+2 cobalt is stabilized. Dye C, with two replaceable 
hydrogens, also stabilizes the +2 state. In this case, 
the complex contains only one dye residue, water 
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molecules within the coordination sphere bringing the 
cobalt to its appropriate coordination number. |t 
would be of extreme interest to determine how gener. 
ally applicable are these ideas which have been 
successfully applied to cobalt. 


METHODS FOR CHARACTERIZING UNFAMILIAR 
STATES 


Unfamiliar oxidation states have been characterized 
principally by four types of evidence: (1), analytical 
data and chemical properties; (2), isomorphism with 
compounds containing atoms of known oxidation state; 
(3), magnetic susceptibility measurements; and (4), 
X-ray studies. In some instances a combination of 
two or more of these has been necessary for the complete 
characterization of the oxidation state in question. 

Analytical data, in conjunction with a study of the 
chemical properties of the substance, frequently give 
sufficient information for the determination of oxida- 
tion state. The necessity of a knowledge of the chemi- 
cal properties of the substance in question is made 
apparent by the following illustration: a compound 
containing silver and oxygen in equal atomic propor- 
tions may be made by the oxidation of unipositive silver 
with persulfate in alkaline medium (23). Analysis 
obviously indicates the formation of either silver(II) 
oxide or silver peroxide. The latter possibility, how- 
ever, is eliminated by the fact that acidification of the 
compound gives no hydrogen peroxide. 

Occasionally, it may be demonstrated that an atom 
possesses a specific oxidation state by proving that the 
compound in which it occurs is isomorphous with a 
known substance. Oxidation of a mixture of silver 
and cadmium salts with persulfate in the presence of 
pyridine yields mixed crystals of complexes with 
pyridine, proving that the silver and cadmium com- 
pounds are isomorphous and, hence, that the silver is 
dipositive (24). A particularly interesting illustration 
concerns the formation of ammonium cobaltic alum 
by the electrolytic oxidation of cobalt(II) sulfate in the 
presence of ammonium sulfate (25). Identification 
was made both by analysis and by the alum-like crystal 
structure of the material. In the absence of ammo- 
nium sulfate, no cobalt(III) compound is found.'! The 
formation of this alum apparently involves the stabiliza- 
tion of an unusual valence state by the attainment of a 
stable crystal lattice. 

Magnetic susceptibility measurements very often 
give definite information concerning oxidation states 
and the nature of their chemical binding. Two in- 
stances in which such data have been utilized to prove 
structure are described below. A series of salts in 
which ethylenedibiguanide is coordinated to tripositive 
silver has been prepared. Tripositive silver and 
dipositive palladium have the same electronic configura- 
tion and the complexes of the former would be expected 
to be diamagnetic, as are those of the latter, provided 

1 Swann, S., Jr., anD T. S. Xanruaxos (J. Am. Chem. Soc., 53, 


400 (1931)) have been able to obtain cobalt(III) sulfate by the 
anodic oxidation of cobalt(II) sulfate in 10 N sulfuric acid. 
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the coordination bonds are of the planar, hybrid dsp? 
type. Magnetic measurements prove that this is the 
case (26). Such measurements have also proved that 
dipositive europium and tripositive gadolinium are 
isoelectronic, the magnetic susceptibilities of the two 
jons being nearly equal, and any other possibility being 
excluded by the low value obtained for A, the molecu- 
lar field constant in the Curie-Weiss law, xn = 
C/T + A (27). 

The results of X-ray studies are often of prime impor- 
tance for the positive characterization of compounds 
containing atoms in unfamiliar oxidation states. The 
problem of the determination of the correct structure 
of the superoxide ion is a case in point. Magnetic 
measurements on superoxides give values corresponding 
to the presence of one unpaired electron in the super- 
oxide ion, and thereby indicating the structure :O:.0:- 
(28). Powder photographs of potassium superoxide 
show that this substance possesses a face-centered 
lattice of the calcium carbide type. The structure is 
analogous to that of strontium and barium peroxides, 
thus confirming the existence of the O2~ structure (29). 
Moreover, the value of 1.28 + 0.07 A. for the distance 
between adjacent oxygen nuclei is in satisfactory agree- 
ment with that expected for a single bond plus a three- 
electron bond (30). 


GENERAL METHODS FOR THE PREPARATION OF 
UNFAMILIAR OXIDATION STATES OF THE METALS 


Four general methods have been successfully used 
for the production of high oxidation states of well- 


known metals. They involve oxidation of lower states 
with persulfate, with ozone, with fluorine, or anodically. 

The persulfate ion, frequently in alkaline solution, is 
one of the most widely used oxidizing agents. A few 
examples are cited. Treatment of cobalt(II) sulfate 
in ammoniacal solution with hydrogen peroxide and 
ammonium persulfate gives rise to a complex ion of the 
formula {(NH;)sCoO2Co(NHs)5]** (31). This ion pre- 
sumably contains both tri- and tetrapositive cobalt. 
Oxidation of nickel(II) and cobalt(II) sulfates with 
ammonium persulfate in the presence of ammonium 
molybdate yields the previously mentioned hetero- 
polymolybdates of the corresponding tetrapositive ions 
(12). The use of the periodate and tellurate radicals 
for the stabilization of tripositive copper and silver 
has already been mentioned (11). Oxidation to the 
tripositive state in compounds containing these groups 
may be accomplished, in each case, by means of potas- 
sum persulfate in alkaline solution. 

The anodic oxidation, under appropriate conditions, 
either of free metals or of ions in lower states, has 
served for the preparation of higher oxidation states. 
Reference has already been made to the formation of 
the ferrate ion, FeOQ,~, and of AgO, by the electrolytic 
oxidation of the respective metals in concentrated 
alkali (9, 17). A method has been described for the 
preparation and isolation of cobalt(III) sulfate at the 
anode in an electrolyte consisting of the dipositive salt 
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in 10 N sulfuric acid ($2). A reaction which has been 
extensively investigated involves the electrolysis of a 
solution of silver nitrate in nitric acid. This reaction 
yields at an inert anode a black material to which 
several investigators have assigned the formula Ag;NOu 
This substance unquestionably contains some silver 
in the tripositive form (33). 

The potentialities of ozone and fluorine as oxidizing 
agents for the study of higher states have scarcely been 
tested. Ozone acts on a cold solution of a nickel(II) 
salt dissolved in sodium bicarbonate to give a red solu- 
tion from which, it is claimed, nickel(IV) oxide may 
be obtained (34). This claim, which is not supported 
with quantitative data, deserves further study. The 
action of ozone on silver nitrate in concentrated nitric 
acid has been exhaustively studied, and it has been 
demonstrated that dipositive silver is formed in this 
reaction (35). Evidence is available which indicates 
that dry ozone may react with powdered silver to form 
silver(III) oxide (36). Very few reactions involving 
direct oxidation by fluorine to give higher states have 
been described. When fluorine reacts with cobalt(II) 
chloride, at 150°C. in a quartz vessel, the tripositive 
fluoride is formed (37). The difluoride of silver is 
formed by the action of fluorine on silver and silver 
halides (38). 

Low oxidation states have been obtained either by 
the reduction of higher states or by the anodic oxidation 
of free metals in various solvents. The latter method 
has already been referred to in connection with the 
anodic dissolution of aluminum, gallium, and indium 
in oxidation states lower than three (3, 4). In this 
respect it is noteworthy that no compounds containing 
these elements in low oxidation states have actually 
been isolated in this manner. 

The reduction of higher oxidation states has been 
accomplished by means of hydrogen at elevated tem- 
peratures, cathodically, by means of active metals 
in aqueous and nonaqueous media, and by thermal 
decomposition. Examples are given below. 

The reaction of hydrogen with chromium(III) 
chloride at elevated temperatures gives the corre- 
sponding dipositive salt (39). Similarly, reduction 
of the trihalides of samarium, europium, gnd ytterbium 
yields the dipositive compounds (40). Electrolytic 
reduction of tripositive europium and ytterbium is also 
effective for the formation of the dipositive materials 
(41). 

The use of active metals as agents for reduction 
appears to be of rather general applicability. A few 
interesting examples are described. The cyano com- 
plexes of nickel(O), nickel(I), and _ palladium(O) 
have been mentioned (15, 16). These compounds are 
obtained by the reduction, with potassium in liquid 
ammonia, of complex cyanides containing the respec- 
tive elements in their dipositive states. Used in a Jones 
reductor, zinc has found some application in the pro- 
duction of low valence states; particularly intriguing 
is the reduction of the perrhenate ion to uninegative 
rhenium (42). 
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The thermal decomposition of certain tripositive 
rare earth halides serves as a means of preparing the 
dihalides. The products of the thermal decomposition 
of the triiodide and bromide of samarium at 800 to 
900°C. in a high vacuum are the dihalides and the cor- 
responding free halogens (43). Halides of dipositive 


ytterbium are prepared in a similar manner (44). 
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THE SEPARATION OF INORGANIC IONS BY 
PAPER PARTITION CHROMATOGRAPHY 


Sixce Tswett’s introduction of chromatography as 
an analytical tool in 1906 many variations of the method 
have been developed to meet individual needs. In 1941 
A. J. P. Martin introduced partition chromatography, 
primarily for amino acid separations. This method is 
based on the principle of differential partition of a sub- 
stance between two liquid phases, one of which is 
stationary and the other mobile, as compared with a 
partition between a solid and a liquid phase in the 
usual chromatographic methods. The mobile liquid is 
immiscible with water and is the solvent for the sample 
to be analyzed. This solution is poured through a 
column containing water which is held in place by some 
substance, such as silica gel. 

A few years later this same principle was applied to 
the use of filter paper. Strips of filter paper are sus- 
pended from a trough containing water and a partially 
miscible organic solvent such as n-butanol or phenol. 
A drop of the solution to be analyzed is placed near the 
top of the strip and the paper and trough placed in a 
closed container for a certain period of time. The strip 
is then removed and developed with one or more rea- 
gents to show the positions of the various substances. 
This method has been applied with success to the sepa- 
ration of certain organic compounds. 

An attempt was being made in this laboratory to 
work out a satisfactory procedure for the separation 
and detection of the common cations by means of ad- 
sorption columns. During this work it was thought 
that such a scheme for analysis would be much more 
rapid if the paper partition method would work with 
inorganic ions as well as with organic substances. 

Strips of No. 1 Whatman filter paper 1 to 4 cm. wide 
and about 35 em. long were hooked over the edge of a 
dish supported at the top of a large crock. The dish 
contained the solvent, such as n-butanol with a small 
amount of acetic acid. A few drops of the solution to 
be analyzed were placed near the top of. the strip, just 
below where it hangs over the dish. The crock was 
kept closed until the solvent had moved down the strip 
nearly to the end, the time required depending upon 
the conditions but usually between 15 and 24 hours. 
The paper was then removed, allowed to dry, then de- 
veloped. Except for a few preliminary runs with a few 
of the cations of Group III the work has dealt with 
the Groups I and II cations and H,S has been used for 
the developer. 

In order to give some idea of the results obtained 
several of the strips are shown in the figure. Although 
a photograph of the strips shows only the dark bands 
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the others are very distinct on the strip and their posi- 
tions indicated. In most cases the colors developed 
fade in a short time unless covered with a clear varnish. 
The actual colors of the bands are the characteristic 
colors of the sulfides. In the second, third, and fourth 
strips the mercuric ion moved with the solvent front 
and gave a dark band further down. The results are 
quite reproducible, as may be seen by comparing the 
second and third strips. Hydrochloric acid, instead of 
acetic acid, was used with the fourth strip and it will be 
noted that the order of migration is different and that 
Bi and Cd moved further down the paper. The last 
strip shows the relative positions of Ni, Co, Fe, and Al. 

The acid used and the pH of the solution are im- 
portant factors in determining the rate and order of the 
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migration of the ions. If the butanol is saturated with 
1 N hydrochloric acid, pH about 1, the relative posi- 
tions of some of the bands will be changed and migra- 
tion down the paper is more rapid. However this acid 
would not be satisfactory to use with the Ag, Pb, and 
Hg (ous) ions because on contact with the chloride ions 
their chlorides would be precipitated and no migration 
takes place. Although the use of different organic sol- 
vents and acids has not been investigated the butanol- 
acetic acid solution, pH about 4, has given very satis- 
factory results. 

From the results obtained it would seem possible 
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that a complete scheme for the separation and identifi. 
cation of inorganic ions may be worked out. Such a 
method would have several advantages. There would 
be a great saving in time. The actual working time 
required for the separation and identification of a mix. 
ture containing the ions of Groups I and II was about 
thirty minutes. The materials used are very simple 
and inexpensive, and very small samples are used. 

Work is in progress on the separation of the ions of 
the other groups. The procedure as developed for the 
first two groups will be tested with a class in qualitative 
analysis during the fall quarter. 





SODIUM PERCHLORATE AND ANHYDROUS MAGNESIUM SULFATE: 
TWO STUDENT PREPARATIONS 


Two chemicals useful in research have been prepared 
as student exercises in inorganic preparations. While 
both are merely variations of the preparation of a salt 
from an acid and a base, each involves sufficient exercise 
of technique to be a challenge to the student. 

Powdered anhydrous magnesium sulfate has been 
suggested as a drying agent for organic liquids! and, 
mixed with porous materials, for gases.? It is usually 
prepared! by drying and pulverizing Epsom salt. The 
product of the following method has been found a 
convenient and useful drying agent in organic research 
in this department. 

To powdered magnesium oxide’ in a large evaporating 
dish, concentrated sulfuric acid is slowly added, being 
stirred in with a pestle. Somewhat less than the cal- 
culated equivalent of acid should be used since an excess 
of acid in the product diminishes its usefulness. The 
reaction mixture becomes sufficiently hot to drive out 
the water produced. The final product is a free-flowing 
powder which does not give an acid reaction with litmus 
paper (or better, nitrazine paper). The size of the evapo- 
rating dishes available imits the scale of the ‘eaction. 





1 Freser, L. F., “Experiments in Organic Chemistry,” 2nd ed., 
D. C. Heath and Company, New York, 1941, p. 37; ApKINs, 
Homer, 8. M. McE vain, anp M. W. Kern, “Practice of Or- 
ganic Chemistry,” 3rd ed., McGraw-Hill Book Company, New 
York, 1940, p. 147; Rosertson, G. R., ‘Laboratory Practice of 
Organic Chemistry,” Revised edition, The Macmillan Company, 
New York, 1943, pp. 109 and 159. 

2 KozoLKAWA AND Mitsui KozaNKABUSHIK! Kaisna, Japanese 
Patent 89,593. 

* The magnesium oxide used was U. 8.'P. XII, heavy grade, 
made by the New York Quinine and Chemical Works, Inc. 
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Because of its use in studying (or compensating for) 
salt effects, sodium perchlorate is an important research 
chemical. However, because of the lack of standards 
it is not commercially available in sufficient purity. 
The high solubility of the salt makes its isolation a good 
exercise in crystallization of a soluble salt. A some 
what different preparation of this salt has been suggested 
in a recent textbook.‘ 

To about 40 g. of solid sodium carbonate is slowly 
added a few ml. short of the equivalent 70 per cent 
perchloric acid. During addition of the remaining 
acid the solution is tested on a spot plate with methy! 
orange to determine the equivalence point and boiled 
to expel carbon dioxide. The solution is then evapo- 
rated if necessary to near saturation, filtered, and cooled 
with ice to crystallize the product. An additional 
crop of crystals can be obtained by adding alcohol 
(ethyl or isopropyl) to the mother liquor. 

To use this method to prepare sodium perchlorate of 
strict purity for research requires reagent grade chemi- 
cals. However, 0.1-g. samples of student products 
made by this method, even using technical soda ash, 
seldom show chloride or sulfate impurity. The com- 
monest impurity found is bicarbonate, present because 
the student, duly warned of the dangers of boiling 
perchloric acid, carefully avoids even a small excess of 
acid in his solution. Simple qualitative tests for anions 
make the quality of student products easily judged by 
the instructor. 





—<— 


4 Wanton, H. F., “Inorganic Preparations,” Prentice-Hall, 
Inc., New York, 1948, pp. 72-73. 
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THE DYNAMICS OF GAS FLOW 





The fundamentals of gas dynamics have 
long been known. Recent developments of 
jets, rockets, and supersonic flight have 
greatly accentuated the interest in this sub- 

| ject but it is one which is by no means famil- 
iar to the average chemist. Since there ap- 
| pears to be no place where the subject is 
treatedsimply and concisely it appeared worth 
while to discuss some of the more interesting 
phases of the subject. The treatment is 
limited to ideal gases. The author wishes 


to acknowledge his indebtedness to Dr. E. F. 
Fiock of the Bureau of Standards for many 
discussions of the subject. 











Symbols used: 
7 = Ratio Cp/Co = 1.4 for air 
M = Molecular weight = 28.95 for-air 
Mass velocity 
Acceleration of gravity 
M/V = density 
Gas constant 
Cross-sectional area of pipe 
u = Velocity of sound 


Bernovutt’s equation applies to the flow of gases, 
provided adiabatic conditions are maintained. Since 
the exchange of heat between a gas and its surround- 
ings is always sluggish, adiabatic conditions frequently 
prevail. To obtain Bernoulli’s equation one simply 
writes down expressions for all the conceivable forms 
of energy. 


E+ PV + '/2.Mu? + Mgh = constant (1) 


The First Law tells us that this sum must remain 
constant and, as so often occurs in thermodynamics, 
without any further explicit assumptions one obtains 
results which really involve the Second Law. Consider 
for example the adiabatic lapse rate of dry air. When 
convection occurs in the atmosphere the ascending 
current of air expands reversibly and adiabatically and 
iscooled at the rate of 10°C. for each kilometer ascent 
inheight. This involves the relation 


PV’ = constant (2) 
and if one calculates the temperature gradient in this 
manner it is a serious task. But one needs only to use 
Bernoulli’s equation. For ordinary atmospheric veloci- 
les the kinetic energy term is negligible. Differen- 
hating 

dE + d(PV) + Mgdh = 0 (3) 
But 
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dE + d(PV) = CpdT 


aT Mg 
aS. (5) 


Remember, of course, to use C. G. 8S. units. 

The PV term in the Bernoulli equation requires 
scrutiny. Not only is it the index for reversibility as 
will be seen later, but it is in a sense a fictitious energy 
term. For example, if 1 mol of gas is removed from a 
container of volume V and initial pressure P, no energy 
corresponding to PV is available. It is only in the 
presence of an atmosphere, or what amounts to the 
same thing, when 1 mol of gas is transferred in the pres- 
ence of an infinite amount of gas, that the PV term 
represents available energy. 

Thus in a reversible adiabatic expansion of a gas the 
energy available is only AZ, no PV term being in- 
cluded. However, in the convective rise of a gas the 
energy available for conversion into potential energy 
Moh includes the PV term (CpdT). Likewise, it will 
appear later that in expansion through a nozzle the 
energy available for conversion into kinetic energy is 
CpdT, which includes the PV term. The interconver- 
sion of thermal and kinetic energy is a reversible proc- 
ess. It might seem at first sight that a decrease in 
entropy would occur as a gas picks up flow velocity at 
the expense of thermal energy, but the accompanying 
decrease in density automatically maintains the entropy 
constant, as will appear later. 


ISENTROPIC FLOW 


When a gas is flowing through a pipe, if the flow is 
steady all time derivatives are zero and the variation is 
with respect to distance x measured along the pipe in 
the direction of flow. We may therefore write the 
variation of Bernoulli’s equation with respect to 2 in 
the form of a differential. 


dE + PdV + VdP + Mudu = 0 (6) 


This equation splits into two parts. 


dE + PdV =0 (6a) 


is the First Law for adiabatic conditions. 


VdP + Mudu = 0 (6b) 


is Newton’s Second Law of motion where dP is the 
force acting on the gas as it passes through an interval 
dz. By Newton’s Law this is equal to the acceleration 
per unit time. But this is the mass of gas flowing 
through any cross section per unit time 





au = pu (7) 
times the acceleration, du. In addition, for steady state 
flow the equation of continuity says that the quantity 
of gas passing any point along the tube per unit time 
must be constant. This may be written 


(8) 


M 
pua = constant = Tv ua 


Taking logarithms and differentiating 
dinV=dlnu+dina 
FREE FLOW THROUGH ANY ORIFICE 


If one makes a hole in a vessel containing a gas under 
pressure, in addition to the turbulence produced by the 
sharp edges, the actual flow through the orifice will be 
limited by the formation of a vena contracta so that the 
orifice appears to be smaller than its geometrical 
diameter. If the orifice is streamlined to approximate 
the flow lines, then the maximum rate of efflux is ob- 
tained for a given area of orifice. 


THE VELOCITY AT ANY POINT IN THE ORIFICE 


If one assumes a steamlined flow, then the velocity 
is uniform across any cross section of the orifice and 
varies only with the distance. From the adiabatic gas 
equation (2) one obtains 

VdP = —yPdV 


(9) 


(10) 
Substituting this in equation (6b) one obtains 

yPdV = Mudu (11) 
Remembering that d InV = dV/V, likewise for u, and 


PV = RT one obtains 


yRTd In V = Mu?d ln u (12) 


Substituting from equation (9) and rewriting, 


yRT 

Me — oRT yRT dina 
This equation shows that when Mu? < yRT, i. e., when 
the velocity of flow is subsonic, the velocity increases 
with diminishing cross section, 7. e., with a converging 


dinu = (13) 


Figure 1. Convergent Nozzle 


nozzle. In a cylindrical cross section d In a = 0 and no 
change in velocity can occur, but in a streamlined 
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orifice sonic velocity will ordinarily be attained at: the 


exit. Here 
Mv? = 


V ykT 
M 
where yu is the velocity of sound. 

Some comments need to be made. The velocity of 
sound will be attained only if the initial pressure js 
rather more than twice the atmospheric pressuré against 
which the gas is effluxing. It should be noted that y is 
the local velocity of sound in the orifice at the tempera. 
ture prevailing in the exit. This temperature is lower 
than the initial temperature of the gas at rest by the 
factor 


yRT (14) 


a= (15) 


\ y¥+1 
SUPERSONIC FLOW 


The equation shows that when Mu? > yRT' the 
velocity increases with increasing cross section. Hence, 
if a divergent nozzle which is essentially a mirror image 
of the convergent nozzle is attached to the exit in 
Figure 1 and provided that the initial pressure is high 
enough, supersonic velocities may be obtained. This 
is the principle employed in supersonic wind tunnels. 

The foregoing equation for isentropic flow could of 
course have been derived from the conditions for con- 
stant entropy. The entropy of a gas is given by the 
expression 


S=C,n7T+RInVt& (16) 


The derivation would have appeared to be much mor 
involved. 


DEPENDENCE OF VELOCITY ON AMPLITUDE! 


A sound wave is a longitudinal wave which involves 
the motion of the air molecules back and forth in the 
direction of propagation. If we consider a plane wavé 
the molecules in any plane perpendicular to the dire 
tion of propagation will share in the same mass motion 
regardless of their individual motions. If we conside 
a plane of maximum density corresponding to a wavd 
crest the molecules in this plane will have the maximum 
velocity in the forward direction. For a disturbance ¢ 
small amplitude, however, this velocity is negligible 
so that the velocity of the sound wave should be tht 
root mean square component of velocity, by the kineti 
theory. The kinetic theory, however, takes no accoul 
of the adiabatic compression and expansion in the soun 
wave and hence does not give us the correct expressi0l 
When this effect is taken into account we find a highe 
temperature in the compressed layer in the sound wav 
than in the rarefied layer. The velocity of sound 
therefore greater than the root mean square velocit 
by the factor »/y. If the amplitude of the sound wa’ 
is considerable the mass velocity of the molecules mejj 





1 For a discussion of this subject see Lamb, “Hydrodynamics, 
Cambridge Press, Cambridge, England, 1932. 





JANL 


tione 
to th 
(1) fe 
the r 
comp 
so thé 
somet 


pared 
the tr 
waves 
the ws 
depen 
nated 

travel 
hour. 

crease’ 
effects 
flatten 
Never’ 
tained 
mainte 


WAVES 


Fron 
finite a 
going 4 
more O 
ia strea 
section 
and op 
is negle 
ince tk 

The | 
hat th 
lensity 
inuity 


equires 
ninimu 
ble, an 
b stead: 
hary so 
neglect 
be.) 
liverger 
0a gre 


RREVE 


The ¢ 
rersible 
pressure: 
ble, PY 
maller 
Mn incre; 


sity of 
ure is 
wainst 
at pis 
npera- 
» lower 
by the 


T’ the 
Henee, 
image 
exit in 


nels. 
ould o 
or COl- 


JANUARY, 1950 


tioned above is no longer negligible but must be added 
to the molecule to molecule velocity given by equation 
(1) for the compressed layer and subtracted from it for 
the rarefied layer. In waves of finite amplitude the 


compressed layer tends to overtake the rarefied layer, 
30 that instead of a sine wave profile we would anticipate 
something like Figure 2. This behavior may be com- 


Se att cats 





Figure 2. Sound Waves of High Amplitude 


pared to water waves, where the crest tends to overtake 
the trough. The analogy is faulty since the breaking of 
waves on a beach is due to the drag of the surface under 
the water. However, the velocity of water waves does 
depend upon amplitude. The tidal wave which origi- 
nated in Alaska and struck Hawaii some years ago 
traveled with a velocity of several hundred miles per 
hour. In spherical sound waves the amplitude de- 
creases inversely as the distance, and in addition the 
effects of viscosity and conductivity would tend to 
flatten the crests, so that this effect is not pronounced. 
Nevertheless, the fact that the quality of sound is main- 
tained in transmission may be due to this tendency to 
maintain a steep front. 


WAVES OF PERMANENT TYPE 


From the preceding it is apparent that a wave of 
finite amplitude cannot be transmitted without under- 
going a change of profile. The difficulties can be made 
more obvious by imagining a wave propagated against 
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section. The flow of gas is to be regulated to be equal 
and opposite to the velocity of propagation. If friction 
is neglected there will be no diminution in amplitude, 
ince the flow is one-dimensional. 

The picture of the sound wave given above requires 
hat the velocity be greatest at the point of maximum 
lensity and temperature, but the equation of con- 
inuity 


pua = constant (17) 


equires that the velocity be greatest at the point of 
minimum density. The two equations are incompat- 
ble, and it appears therefore that we cannot maintain 
h steady state disturbance which is isentropic. Ordi- 
lary sound waves may be assumed to be isentropic 
neglecting the small dissipative forces of viscosity, 
tc.). The reduction in amplitude due to spherical 
livergence masks the changing character of the waves 
0a great degree. 


RREVERSIBLE PROCESSES IN A GAS 


The classical Joule Thompson experiment is an irre- 
ersible process. Bernoulli’s equation holds and at low 
pressures, where deviations from the gas law are neglig- 
ble, PV remains constant, but V is larger and sP 
maller after passage through the porous plug so that 
n increase in entropy has occurred. 


SHOCK WAVES 


Another interesting example of an irreversible proc- 
ess is a shock wave. There is nothing mysterious 
about a shock wave if one remembers that the velocity 
of a sound wave depends upon its amplitude. When a 
large amount of high explosive is detonated a gas 
bubble is produced which must expand until the pres- 
sure is reduced to atmospheric. The expansion takes 
place with a velocity which, because of the high tem- 
perature and pressure, is several times that of the nor- 
mal velocity of sound. Such a wave is propagated with 
high velocity which gradually falls to sonic as the energy 
is distributed over a greater and greater front. When 
the gas bubble reaches the limit of its expansion because 
of inertial effects, it has overexpanded so that the pres- 
sure is below one atmosphere. A series of oscillating 
contractions and expansions now produce the sharp- 
crested sound waves ‘vhich give rise to the noise accom- 
panying the explosion. 

Such a picture is oversimplified, of course. A series 
of explosions may occur which, if of increasing magni- 
tude, produce a series of shocks which overtake one 
another, and it is thus possible for the sharpest shock 
to occur at some distance from the explosion. 


MECHANICAL SHOCK WAVES AND THE HUGONIOT 
EQUATION 


If a gas is flowing at supersonic velocity in a tube, any 
obstruction will produce a shock wave which appears 
to be stationary and will be visible, due to the sharp 
change in density. These shock waves resemble the 
lines that cross-hatch the surface of a stream of water 
flowing rapidly in a narrow channel. 

The behavior of the shock wave can be described in 
a first approximation—or, let us say, the conditions 
under which it is propagated can be delimited—from a 
few very simple conditions. Let us suppose that a gas 
flow of constant magnitude be maintained so that the 
velocity is everywhere equal and opposite to that of 
the shock wave, so that the wave is stationary with 
respect to the observer. Since this is only a mathe- 
matical device we do not need to concern ourselves 
with the difficulties that might be encountered in main- 
taining a high velocity of flow in a tube.’ 


THE LINEAR PRESSURE AND VOLUME. RELATIONS 


















The mass of gas traversing any cross section of the 
tube per unit time is constant, so that equation (6) 
holds, but the flow can no longer be everywhere isen- 
tropic. From Bernoulli’s equation, 


(18) 
u Uo 
v = V constant 


de ts (7) dV dP=-M (#) av 


On integration, 


P=-CV+C, (20) 


where C; and C, are constants. 

If we assume that the shock wave has a finite thick- 
ness and that Newton’s Second Law holds, then the 
relation (20) must hold in the transition region. But 
this condition would require an extraordinary maximum 
in the profile of the temperature curve, which could not 
be accounted for. The difficulty disappears if we re- 
member that the gas is made up of molecules and that 
the temperature cannot be defined in this region of dis- 
continuity. The problem becomes one of the persist- 
ence of velocity in collisions and the variation in mean 
free paths. Maxwellian distributions corresponding to 
two different temperatures are superposed. 


THE HUGONIOT EQUATIONS 


Leaving out the consideration of what happens in 
the sharp transition layer one may apply the conserva- 
tion law (of momentum, energy, and mass) to the gas 
before and after it passes through the shock wave. 
Using the subscripts 1 and 2, Equation (20) gives 


P, — Py, = a) (21) 


Vi — Ve Vi 
Integration of equation (6a) gives 
E, — Ey = '/2(P2 + Pi)(Vi — V2) 


And of course the equation of continuity gives 


(22) 


U1 Us 


(23) 


Vi Vs 
These are the famous equations first derived by Hu- 
goniot. 

When a gas flowing with a supersonic velocity meets 
with an obstruction it goes through a shock and drops 
to subsonic velocity with an increase in pressure, tem- 
peratures, density, and entropy. Unless the Mach 
number is very large the increase in entropy is small. 
It is beyond the scope of this paper to derive the rela- 
tion between the Mach numbers and the temperatures 
on the two sides of the shock wave.’ 


DETONATIONS 


A mechanical shock wave can only be maintained by 
causing a gas flow at supersonic velocity through a pipe. 
There is one way, however, in which shock waves of a 
final permanent type can be set up and propagated. 
This is by setting up detonation waves in a combustible 
gas mixture in a narrow tube. The combustion re- 
plenishes the energy which is dissipated by friction, 
conduction, viscosity, etc., so that the wave takes on 
a permanent form and travels with uniform high 
velocity, pressure, and density to the end of the tube. 
Surprisingly enough, the only change necessary in the 
Hugoniot relations when applied to a detonation is the 
inclusion of the heat of reaction at approximately con- 
stant volume. We may write: 





2 These relations are derived in Liepman and Puckett, ‘“In- 
troduction to Aerodynamics of a Compressible Fluid,’’ John 
Wiley and Sons, New York, 1947, 
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On = Cy7) + AE 
E, = CvT: 
E, — FE, ad Cr(T: = T;) + AE 


(24) 
(25) 
(26) 
Hence equation (26) becomes 

Cy(T2 — T;) = AE + 3/:(Pi + P2)(Vi — V2) 


Actually, of course, the first term in equation (27) 
should be replaced by an integral, particularly if there 
is a change in the number of molecules of gas in the 
reaction. At the high temperature and moderate pres- 
sures obtained in gaseous detonation one may stil] 
assume PV = RT. 

In an ordinary flame moving at normal velocity, the 
density behind the wave is less than in front because of 
the increased temperature. In a detonation wave, in 
spite of the increased temperature, the density is higher 
behind the flame front. This produces a sharp discon- 
tinuity in pressure and hence the shock front. 

As a first approximation one may neglect the pres- 
sure-volume term in equation (18) and calculate 7, 
directly. From 72, 7:, and P; one then calculates P,, 
V2 directly. 

In order to calculate % it is necessary to assume a 
value for us, the velocity with which the burned gases 
leave the wave front. Most writers assume this to be 
the velocity of sound in the burned gases at the pre- 
vailing high temperature. This corresponds to the 
maximum increase in entropy. The velocity can cer- 
tainly not be greater than this and will probably not be 
much less. 

This amazingly simple and almost crude procedure 
gives values of u, which agree quite well with experi- 
mental observed values. The combustion reactions 
do not appear to affect the shock wave in any different 
manner—except in degree—than do viscosity and con- 
ductivity. One must assume that the transition layer 
is thicker, since time must elapse to allow the reaction 
to proceed at least to some considerable extent, though 
not to completion. The unburned gas enters the deto- 
nation wave at a velocity which is supersonic, even with 
respect to the high-temperature, burned gas, and there- 
fore much greater than in the case of the mechanical 
shock wave. This is of course the actual detonation 
velocity, u:, and is seen to depend primarily on the 
temperature reached by the combustion, although it is 
of course a function of the values of y and M. One 
may assume, therefore, that the detonation velocity 
will be less specific for different chemical reactions than 
the normal flame velocity, which probably depends 
upon the different velocities of specific carriers. 


(27) 


PROFILE OF SHOCK WAVES 


According to the preceding deductions, the pressure 
rises monotonously through the shock layer and reaches 


its maximum just behind the layer. This argument 
assumes a layer of finite thickness rather than a sharp 
discontinuity and neglects the turbulence that must be 
present. 

These conclusions, however, are obtained from a con- 
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sideration of the prototype, and it is necessary to con- 
sider how they must be modified for the actual case 
where the shock wave travels through the stationary 
gas. Since the velocity of detonation waves appears 
independent of tube diameter, we may assume that the 
walls have no effect on the wave itself. Since the gas 
in front of the wave is at rest, u, now becomes the 
velocity of the detonation wave itself and u,—w the 
velocity with which the gas behind the wave follows 
the wave. This agrees with the conclusion that the 
velocity of a shock wave ™% is the sum of the local 
velocity of sound wz and the velocity of mass motion 
Uu — &. 

However, we must recognize that the friction of the 
tube walls will, in the case of the detonation wave at 
least, slow the burned gas with a resulting decrease in 
pressure and density. Furthermore, the density and 
pressure must be greater immediately behind the wave 
than further back in the tube, since there has been a 
general flow of gas along the tube. The profile of the 
shock wave must have the general character shown in 
Figure 3. 

Eventually there must be an equalization of pressure 
backward through the tube, and this may occur by the 
formation of a backward moving shock wave, the 
“retonation” wave, so-called. Furthermore, reflection 
waves are observed when a detonation wave strikes the 
closed end of the tube. These waves are luminescent, 
which may indicate the completion of the incomplete 
combustion reaction, or it may be only thermal lumi- 


Big brothers of the ordinary picnic Thermos bottle 
are now being made of as much as 500-liter capacity. 
They are constructed of Monel metal because of its 
high resistance to corrosion and wear. 


@ . Sapphire Mortar 


A new “synthetic sapphire’ mortar and pestle for use 
in pulverizing samples of very hard substances is said 
to be far superior to ceramic and steel mortars for this 
purpose. It will permit grinding of beryl, carborun- 
dum, and similarly hard substances with hardness 
ratings below that of tungsten carbide. 
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nescence produced by the compression of the already 
hot gases. : 
THE START OF THE DETONATION 


It is not too obvious how a flame wave traveling 
with a velocity of a few meters per second can be trans- 
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Figure 3. Profile of a Shock Wave 
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formed into a detonation wave traveling with a velocity 
a thousandfold greater, while passing along a tube for 
a distance of a few diameters. The necessary distance 
of travel is shorter, the smaller the tube diameter, so 
one must believe that the resistance to flow offered by 
the tube walls is an important factor. The expansion 
of the burning gases produces a flow along the tube, 
the actual flame velocity being the sum of the static 
flame velocity and this expansion rate, so that the whole 
process is cumulative. It may be that a tongue of flame 
travels down the tube center, producing something like 
a Bunsen cone and causing an enormously increased 
burning rate because of the increased area of flame 
front. Photographic studies should give information 
on this point. 


* Germanium-Helium Alloys 


Germanium-helium alloys suitable for making high- 
grade rectifiers, also methods of making the alloys, are 
covered by a recent patent. 


The germanium-helium alloys are not alloys as the 
term is generally used, for in this invention germanium 
metal is impregnated with helium gas. The combina- 
tion exhibits electrical properties such as are found 
in metals and in what is known as semiconductors. 
The impregnation may be accomplished by melting 
pure germanium and heating to about 1050°C. in a 
boat of crucible placed in a suitable furnace. The 
molten metal is maintained in an atmosphere of helium 
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in the furnace for from five to fifteen minutes. After 
the germanium and helium are mixed, the. melt is al- 
lowed to cool, and then cut into wafers, ground, and 
etched. It is ready then to be embodied as the semi- 
conductor in a contact-type rectifier. 

Electrical semiconductors containing germanium have 
been produced which promise to have varied applica- 
tions in the fields of radio, radar, and microwaves. 


* Inventory Card 


Thinking that others may also have had the problem 
of finding or devising a satisfactory chemical inventory 
form, Arthur Furst, of the University of San Francisco 
sent us a form which has proved useful in his labora- 
tory and which we reproduce here. 








Name: Tab here if 
Purity: (White leb.)(CP) (Teoh) (Pract) (Us?) supply low 


Origins (Stud. Prep.)(Purch) (Gift) 
Cat. No. Pir 
Cet. No. Pirm 
Cat. No. Firm 


$ per 
$— per 
$— per 











Pormule 


If taken 
from store 
room 











ay Translations 


Solution of a long-felt need in connection with the 
recurrent problems of locating persons with special 
language skills for translating scientific and technical 
articles is forecast in the announcement of the estab- 
lishment of a Directory of Translators by the Science- 
Technology Group of Special Libraries Association. 
The Directory is operated as a free service to bring 
together clients having translation problems and 
language specialists competent in various subject fields 
in science and technology. The Directory has been 
housed at the Southwestern Research Institute, San 
Antonio, Texas, under the management of Wayne 
Kalenich, Librarian. 

Individuals or firms needing qualified translators are 
invited to address inquiries to Mr. Kalenich, and trans- 
lators are urged to place their qualifications on file with 
the Directory. Twenty-three different languages are 
already included among the specialists listed there, and 
it is hoped soon to expand the Directory to include 
translators for all fields of knowledge. While no data 
concerning interpreters have been collected as yet, such 
information is solicited. 

Mr. Kalenich also conducts the Special Libraries 
Association Translations Pool, which records the exist- 
ence of technical translations within private files in the 
US., and the conditions of their loan or purchase. 
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This Pool was created in 1945 to prevent or at least 
reduce unnecessary duplication in the translation of 
scientific articles. About 3000 translations have al- 
ready been indexed in the Pool. Persons contemplat- 
ing the translation of a technical article are urged to 
make a preliminary check with Mr. Kalenich to be sure 
that such a translation is not already available. 


® Microscope Attachment 


A microscope attachment that provides three types 
of reflected illumination—bright field, dark field, and 
polarized—has been developed by Bausch & Lomb 
Optical Company. 


& Chloromycetin 


That name remains for all trade purposes; but 
as the antibiotic was recently synthesized by Parke- 
Davis scientists and its chemical structure determined, 
it is now possible to give the full chemical name in 
structural terms. The full chemical name for the 
antibiotic, chloromycetin is: D-threo-2-dichloroacet- 
amido-L-p-nitro-phenyl-1,3-propanediol. This is quite 
an oral dose of any chemical, so for convenience it has 
been abbreviated to “chloramphenical.’”’ 


+ Slide Rules 
New, all-metal slide rules are now being manufactured 


by Pickett and Eckel, Inc. 


rT) Carts 


- Laboratory Construction Co., 1115 Holmes Street, 
Kansas City, Missouri announces a new line of carts 
that save steps, time, and breakage in the laboratory 


or plant. Included in the line are portable tables and 
carts designed specifically for carrying chemicals, 
glassware, and flasks. 


2 Weed Killer 

A new weed killer, 2,4,5,-7'(2,4,5-trichlorophenoxy- 
acetic acid), is now substituting for its near relative 
2,4-D, in cases where the latter is ineffective. 


a Quartz Tubing 


The Special Products Division of Hanovia Chemical 
& Manufacturing Company, Newark, New Jersey, 
announces production of precision bore quartz tubing 
drawn to close tolerances. Tubing is straight in length 
and accurately dimensioned to round, square, and ob- 
long shapes. ' 


e Metal Mortars 


Mortars are now available of solid Carboloy cemented 
carbide, used with pestles tipped with the same hard 
metal. They do not chip and wear away like those 
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made from agate, steel, and cast iron, thus, the purity of 
the materials being crushed or powdered is increased, due 
to the lessened chanceof contamination. The dark “‘tip”’ 
of the pestle is the carbide metal; the mortar is of solid 
carbide metal. 


* Celsius versus Centigrade 


The following bulletin by the National Bureau of 
Standards will be of interest to most of our readers. 


The Ninth General Conference on Weights and Measures, 
held in October, 1948, adopted the name “Celsius” for the scale 
of temperature which has more commonly been called ‘‘Centi- 
grade.” This action, which had not been proposed in advance of 
the Conference, arose from a question regarding preferred usage 
in French, the sole official language of the Conference. The de- 
cision therefore may be considered as applying strictly only to 
that language. In the interest of eventual uniformity of prac- 
tice the use of ‘‘Celsius” appears desirable, but it is not practic- 
able to impose this term on those who prefer “‘Centigrade.”’ 

In preparation for the General Conference the National Bu- 
reau of Standards submitted a revised text defining the Interna- 
tional Temperature Scale to supersede that adopted in 1927. The 
proposed text was drafted in English and, in accordance with 
common English practice as well as the official French text 
adopted in 1927, it used the name ‘‘Centigrade.’”’ This name was 
carried over into the French translation prepared for considera- 
tion by the Advisory Committee on Thermometry in May, 1948. 
However, in the printed report of that meeting, the term ‘‘Centi- 
grade” had, in most cases, been changed to “Centésimale,” the 
term that is used in the French law governing weights and meas- 
ures. When asked to choose between the two the International 
Committee on Weights and Measures and the General Conference 
voted to substitute ‘‘Celsius.”’ 

With regard to the merits of the decision it may be remarked 
that Celsius (abbreviated C.) is analogous to the names Kelvin, 
Fahrenheit, Réaumur, and Rankine used for other temperature 
scales, that it has previously been used considerably in some 
countries, and occasionally in America, being included in Web- 
ster’s dictionary. It might also be argued that “Centigrade” is 
logically ambiguous, since the ebsolute Kelvin scale, as well as the 
“Centigrade” scale, has 100 degrees between the ice point and the 
boiling point of water. On the other hand, the name ‘‘Centi- 
grade” is thoroughly established in English-speaking countries, 
the need for choosing between that name and “‘Centésimale”’ 
arises Only in French, and the decision on a term in the official 
French language of the Conference may not be considered as 
controlling the terms to be used in translating into other tongues. 


6 Electrical Units 


A description of the new system of electrical measure- 
ment using “absolute” units, adopted by the Interna- 
tional Conference of Weights and Measures and of- 
ficially instituted January 1, 1948, is described in a new 
booklet, ‘Establishment and Maintenance of the Elec- 
trical Units,” just published by the National Bureau of 
Standards and available from the U. 8. Government 
Printing Office. 


® Visual Aids 


A total of 888 individual teaching pictures comprise 
a series of 12 discussional-type slide films on bagic elec- 
tricity now available. The 12 films include the follow- 
ing subjects: (1) Magnetism, (2) Static Electricity, 
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(3) Current Electricity, (4) The Electrical Cell, (5) 
The Storage Battery, (6) Electromagnetism, (7) The 
Generator, (8) Alternating Current, (9) Electric Mo- 
tors, (10) Electric Meters, (11 and 12) Applications. 
For details, write to School Service Department, The 
Jam Handy Organization, 2821 E. Grand Blvd., De- 
troit 11, Michigan. 


e Dielectric Constant Meter 


A new, compact dielectric constant meter for liquids, 
for demonstrating the principles related to this prop- 
erty, has just been announced by the Yellow Springs 
Instrument Co., Inc., of Yellow Springs, Ohio. It is 


the first low-cost commerciaily available instrument of 
its kind and makes it possible with one external probe 
to measure the full range of dielectric constants from 
unity to 85. 


Dielectric Constant Meter 


e Silos and Dust 


Four huge silos loaded by a giant “vacuum cleaner’ 
will shortly eliminate most of the dust and hand shovel- 
ing formerly associated with handling clays at the West- 
inghouse Electric Corporation’s Porcelain Plant at 
Derry, Pennsylvania. 

A 30-inch vacuum tank placed on op of the silos will 
have enough suction to draw the material up through a 
six-inch tube and drop it into the silos. Formerly un- 
loading a carload of such material meant 20 hours or 
more of shoveling. Now the workmen need only guide 
the suction nozzel through the material. In addition, 
respirators will no longer be needed. 


e Gas Analysis Equipment 


Gas analysis equipment yields more accurate results 
when Butyl rubber tubing is used in place of silicone or 
natural rubber, because of its low permeability to acid. 
Formerly obtainable only in large quantity lots, Butyl 
rubber tubing may now be purchased in quantities con- 
venient for the laboratory from Fisher Scientific Co., 
717 Forbes Street, Pittsburgh, Pennsylvania. 
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A MINIMUM SYLLABUS FOR A COLLEGE PREPARATORY COURSE IN CHEMISTRY 


ELEVEN years ago the New England Association of 
Chemistry Teachers published a Syllabus for a College 
Preparatory Course in Chemistry. In 1941 the 
College Entrance Examination Board adopted a 
syllabus that conformed rather closely with the 
N.E.A.C.T. recommendations.? During the war, how- 
ever, the C.E.E.B. discarded its syllabus and teachers 
were faced with the task of preparing students for an 
examination which recognized no definite limits. One 
of the unfortunate effects has been that teachers have 
felt obliged to cover a wider area more superficially to 
meet all possible questions of examiners. 

This situation was discussed at a symposium on the 
Correlation of High School and College Chemistry 
Courses held at the University of Maine during the 
Tenth N.E.A.C.T. Summer Conference, August, 1948. 
The college representatives maintained that secondary- 
school graduates were rarely adequately grounded in 
the fundamentals of chemistry and that college pre- 
paratory courses had become too diffuse. 

As a result, a committee of nine members, chosen 
from colleges and secondary schools, was appointed to 
draw up a minimum chemistry syllabus which would 
stress the fundamentals and be accepted by the 
colleges as a working basis for their first year college 
chemistry courses. The committee reported on its 
work during the year 1948-49 and presented its final 
report on the Eleventh Summer Conference at the 
University of New Hampshire, in August, 1949. The 
report to the required part of the syllabus was adopted 
unanimously. 

The required section is divided into two parts: 
Part I, Descriptive Chemistry; and Part II, General 
Chemistry. The order of topics as listed in the pro- 
posed syllabus is not necessarily the order in which 
they should be taught. Every teacher must be free 
to decide when and how each topic will be taken up. 

The N.E.A.C.T. also unanimously agreed that in- 
dividual laboratory work, including preparation of 
gases, quantitative exercises, and ionic reactions, 
should be an essential part of the course. At least one 





1 “Report of the NEACT’S Committee on College Entrance 
Examinations,’ Tats JouRNAL, 16, 46 (1939). 

*“The Chemistry Examination of the College Entrance 
Examination Board,” Tis JourNatL, 18, 441 (1941). 
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double period each week should be assigned to labora- 
tory work and four single periods to classroom discus- 
sions and demonstrations. 

Part III is a list of Supplementary Topics. It in- 
cludes subjects that are important but not essential 
and is presented simply for the guidance of those 
teachers who have additional time or gifted students 
and who may select material from it adaptable to their 
courses. 

The New England Association of Chemistry Teach- 
ers recommends that the College Entrance Examina- 
tion Board again consider the desirability of adopting 
a syllabus so that its examiners will confine their 
questions to topics listed in Parts I and II of this 
syllabus. 


PART I. DESCRIPTIVE CHEMISTRY 


A. Chemistry of Some Nonmetals and Their Com- 
mon Compounds: oxygen; hydrogen; nitrogen (nitric 
acid and nitrates, ammonia, nitric oxide, nitrogen 
dioxide); sulfur (hydrogen sulfide, sulfur dioxide, 
sulfuric acid, and sulfates); carbon (carbon dioxide, 
carbon monoxide, carbonic acid and carbonates, 
methane, methyl, and ethyl alcohols); halogen family 
(halides and related acids). 

B. Composition of Air: Relation of air to combus- 
tion and life processes. 

C. Water: Properties, composition and purifica- 
tion; treatment of water for drinking; softening of 
hard water. 

D. Chemistry of Three Metals and Their Common 
Compounds: Sodium (sodium chloride, sodium hy- 
droxide, sodium carbonate, and sodium hydrogen car- 
bonate); aluminum; and iron. 


1. Definition and properties of metals in general. 

2. Typical methods of extracting metals from ores. 

3. Occurrence of these three metals and their extrac- 
tion from compounds and ores. 

4. Simple reactions into which they enter. 


E. Industrial Processes: Frasch; Haber; Ostwald; 
Solvay; contact process for sulfuric acid. 


PART II. GENERAL CHEMISTRY 
A. Physical Properties of Solids, Liquids, and Gases: 
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1. Kinetic-molecular theory: Dependence of the 
kinetic energy of motion of molecules upon the tem- 
perature; differences between solids, liquids, and gases 
from kinetic molecular viewpoint. 

2. Properties of solids and liquids. 

3. Properties of gases: Effect of changes in tem- 
perature and pressure on the volume of gases; explana- 
tion in terms of the kinetic-molecular theory; Avo- 
gadro’s Law; derivation of gram-molecular weight and 
volume. 

B. Chemical Changes: 

1. Elements, mixtures and compounds: 
. .semical changes; types of chemical reactions; 

‘rochemical series. 

i 2. Balancing of simple chemical equations (by 
inspection only). 

3. Quantitative relationships: problems based on 
chemical equations, by weight, by volume, and by 
weight and volume; derivation of formulas from per- 
centage composition; mol and molar solutions. 

4. Chemical combination explained in terms of 
atomic structure; combination and displacement re- 
actions in terms of electron transfer; ionic nature of 
substances entering double decomposition reactions; 
sharing of electron pairs in formation of covalent 
bonds. 

5. Valence: ionic valence (electro-valence), equal 
to the charge possessed by the ion; emphasis on es- 


nature of 
elec- 


sential ionic nature of salts; electrolysis of fused salts; 
covalence, in simple molecules, equal to number of pairs 


of electrons shared with other atoms; emphasis on 
essential nonionic nature of nonelectrolytes. 

C. Solutions: 

1. Definition of concentrated and dilute solutions. 

2. Solutions of electrolytes: complete dissociation 
of salts, strong acids and hydroxides of alkali metals; 
degree of ionization of weak acids and weak bases 
(NH,OH); definition of acids and bases (Arrhenius 
concept); hydrolysis of salts—reactions of ions with 
water; reason why some ionic reactions go to comple- 
tion (formation of a weakly ionized product, and for- 
mation of an insoluble gas or solid) ; electrolysis of aque- 
ous solutions, 

D. Struciure of Matter: 

1. Definition of atom and molecule; 
Atomic Theory. 

2. Nuclear charge and the arrangement of electrons 
(limited to first twenty elements). 

3. Periodic Law and its relationship to atomic 
structure (brief treatment only); elements should 
be studied with reference to their position in the table. 

4. Explanation of periodicity in properties of ele- 


Dalton’s 


A. Nucleonics: Radioactivity, isotopes, agents of 
transmutation (alpha particles and neutrons), fission. 

B. Organic Chemistry: Simple hydrocarbons, al- 
tohols, acids, esters, aldehydes, ketones, isomerism. 

C. Equilibria: Le Chatelier’s Principle; Law of 
Mass Action. 


*~G. Metals: 
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D. Molecular Weights: Determination by depres- 
sion of freezing point and elevation of boiling point. 

E. Equivalent Weights and Normal Solutions. 

F. Balancing Equations by Electron Transfer: Oxida- 
tion-reduction. 
Copper, zinc, lead, and titanium. 

H. Nonmetals: Phosphorus, silicon. 

I. Applied Chemistry: Plastics, rubber, glass, 
cement, textiles, and foods. 


The committee which prepared the syllabus was 
comprised of the following members: 


James S. Coles, Brown University 

Richard W. Fessenden, University of Massachusetts 
John C. Hogg, Chairman, Phillips Exeter Academy 
Jean V. Johnston, Connecticut College 

Marie E. Kenney, Somerville High School 

Lorne F. Lea, St. Paul’s School 

Elsie 8. Scott, Northfield School for Girls. 
Raymond §. Tobey, Boston Girl’s Latin School 

J. Herbert Ward, Providence Classical High School 


@ 252nd Meeting, October 15, 1949. Keene Teachers Col- 
lege, Keene, New Hampshire 


The meeting was opened at 10:15 a.m. with Charles 
E. Vose, Chairman of the Northern Division, presiding. 
President Marsh of Keene Teachers College hospitably 
welcomed the members to Keene. Mr. Clifford Coles, 
of the Keene Teachers College staff, spoke on ‘““Teach- 
ing the Concept of Atomic Energy to the Elementary 
Students.”’ In this address he related his experiences 
in teaching rudimentary ideas of atomic structure to 
sixth-grade pupils, and, furthermore, produced a 
magnetic-tape recording of the actual discussion with 
the children which effectively demonstrated the validity 
of his statements. Mr. Coles distributed copies of 
documents of interest to teachers, particularly the 
bibliographies on atomic energy released by the Office 
of Education, Federal Security Agency. 

Mr. Robert Esden, Bradley Paint Laboratories, 
Brattleboro, Vermont, discussed industrial finishes and 
by way of illustration showed in detail how such items 
as school penholders are produced and enameled. 

After luncheon, a brief business meeting was held 
with Vice-President Helen W. Crawley presiding. In 
the absence of the Secretary, the reading of the list 
of new members was postponed until the December 
meeting. The remaining meetings were announced: 

December 3, 1949— Northeastern University, Boston, Mass- 

achusetts 

February 11, 1950—Rhode Island School of Design, Provi- 

dence, Rhode Island 

March 25, 1950—Connecticut Agricultural Experiment’ Sta- 
tion, New Haven, Connecticut 

May 6, 1950—Lowell Textile Institute, Lowell, Massachusetts 

The meeting was continued with a very interesting 
address by Mr. Carl Johnson, Putnam Company, 
Keene, New Hampshire, on the subject, “Specialty 
Printing Inks.” The total output of this company 
goes to the Markem Company, makers of automatic 
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labeling machines. A new ink and a machine for 
printing labels on “Scotch Tape” was demonstrated, 
and machines for printing labels directly on glass, 
plastic, and other materials are in production. Each 
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application requires research and development by the 
staff to design an ink with the characteristics required 
by the surface of the product and the drying time 
permitted by the automatic printer. 





To the Editor: 

Your editorial in the October issue of the JouRNAL OF 
CHEMICAL EpucaTIoNn is highly interesting, and I find 
myself in full agreement with all but the last two lines: 


“Don’t work too hard,” 
“Don’t worry about your scientific reputation.” 


As the first of these is stated, there can be no dis- 
agreement. However, this statement is almost cer- 
tain to be interpreted as saying, ‘‘Don’t work hard.” 
However, I know of no group which must work such 
long hours as must young graduates with a desire to do 
original research and to establish a professional reputa- 
tion. Such young men must perform their teaching 


duties and initiate an active research program while 
keeping up with the current literature and delving into 
the past literature. To be sure, such work is usually 
highly enjoyable. However, let us not suggest that 
such a program can be carried out in the usual working 
week. 

I am more concerned about the last statement. It 
seems to me that every scientist should worry about his 
scientific reputation. He should take pride that his ex- 
perimental work stands the test of time and his publica- 
tions are not replete with errors requiring correction. 
I have with interest observed the antics of several young 
men who appear to be following your advice. Every 
paper published is followed by a retraction. Thus, two 
publications appear where none is justified. Can scien- 
tific reputations be constructed on such foundations? 
I doubt it. There will always be hesitation in accept- 
ing the results and conclusions of a worker who publishes 
slip-shod work and whose theoretical conclusions are not 
carefully thought out. I therefore suggest that this 
statement is in need of revision. 


HERBERT C. Brown 


PurRDUE UNIVERSITY 
LAFAYETTE, INDIANA 


Kecent- Books 


® RADIOACTIVE TRACER TECHNIQUES 


Geo. K. Schweitzer, University of Tennessee, and Ira B. 
Whitney, Oak Ridge Institute of Nuclear Studies, Oak Ridge, 
Tennessee. D. van Nostrand Co., Inc., New York, 1949. 
vi + 24l pp. G6tables. 13 figs. 41 X 22cm. $3.25. 


Tue authors, who are associated with the Oak Ridge National 
Laboratories, state in the preface: ‘‘This manual is designed to 
serve as a guide for laboratory work and instruction in the utiliza- 
tion of radioactive tracers.’”’ As such, the book is the first of its 
kind to be publicly printed. 

Possibly the book is not well titled, inasmuch as it is not a 
comprehensive compilation of existing techniques for the handling 
of radioactive substances, even at the “tracer” level. For ex- 
ample, there is no discussion of such useful techniques for the 
mounting of samples for counting as the ‘‘spinner’’ technique, 
the “lens paper” mounting, the use of tetraethylene glycol and 
other wetting agents for obtaining thin uniformly spread samples, 
and only a cursory statement about electrolytically deposited 
films. The treatment of such important detection problems as 
absorption, self-absorption, self-scattering and back-scattering, 
and sample-detector geometry, is not so extensive as one might 
wish in a book of this type. Parenthetically, the reviewer may 
remark that there still exists a need, in his opinion, for a book 


critically reviewing all of the known techniques assoeiated with 
the preparation, mounting, and detection of radiochemical sam- 
ples. 

As stated by the authors, this book is intended primarily for the 
beginner, and attempts to treat in sore detail only facilities and 
operations at the “tracer” level, defined by the authors as radia- 
tion levels up to 0.1 millicurie of beta activity or 1 millicurie of 
gamma activity. Considerable emphasis on safety precautions 
is given, possibly so much that some will be needlessly deterred 
from establishing laboratory courses involving radioactive sub- 
stances or using radioisotopes for research purposes; presumably 
the authors have adopted the view that it is better to be over- 
cautious in this respect than negligent. 

Chapter I, Radioactive Hazards, is a 21-page introductory 
account of radiation levels and hazards, written in a very general 
manner. Chapter II, Operation of a Radiolaboratory, devotes 


18 pages to “safety and health” rules, room arrangements and | 


related subjects. Chapter III, Construction of the Radio- 
laboratory, (23 pages), reflects the current general lack of agree- 
ment among radiochemists as to which construction materials are 
best suited for floor and wall surfaces, bench tops, hoods and 
ducts, and other requirements of the radiochemical laboratory. 
The suggestions made in this chapter are general rather than 
specific, and, indeed, the chapter contains the best advice to those 
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planning the installation of a radiochemistry laboratory: ‘‘Before 
any construction has begun, it is advisable to obtain the advice of 
those who have operated tracer laboratories to find out the prob- 
lems that developed during and after the construction*of other 
laboratories.” Chapter IV, Working in a Radiolaboratory, 
allots 12 pages to some steps which the authors feel should be 
followed by the worker in protecting himself and others, and, 
might possibly better have been included in Chapter II. Most of 
the remainder of the book deals with experiments suitable for 
instructional purposes, and the reviewer believes that it is this 
portion which will be of most value to those planning to give 
laboratory courses in radiochemistry or allied subjects. Chapter 
V, Basic Experiments, is a 42-page general account of radio- 
chemistry measurements with the Lauritsen electroscope and 
Geiger-Mueller counter. Chapter VI, Chemical Experiments, 
gives a 27-page guide to tracer experiments of chemical interest, 
such as solubility determinations, exchange reactions, analyses, 
and measurement of transference numbers. Chapter VII, 
Physical Experiments, (27 pages), includes the determination 
of very long and very short half-lives and experiments on the 
Szilard-Chalmers recoil separation method. Chapter VIII, 
Biological Experiments, devotes 13 pages to plant radioauto- 
graphs, excretion and deposition studies, deposition of iodine in 
the thyroid, and body fluid volume and adsorption. Chapter IX, 
Special Preparations, gives 12 pages of directions on preparing 
the various active tracer solutions required for the experiments. 

The chapters involving experiments include some calculations 
and questions intended for students. Typical references are 
given after certain sections rather than complete documentation 
by superscript reference numbers at the point of interest, so that 
it becomes difficult for the student to learn much about the his- 
torical development of the subjects or to consult recent pertinent 
references for details. The experiments themselves generally 
appear well chosen and seem to require only the more commonly 
available pile-produced radioisotopes. Adequate directions are 
given the student for each experiment. 

The book is completed by eight appendixes (Outline of Lecture 
course; Form for Writing up Laboratory Experiments; Surgical 
gloves; Basic radio-laboratory apparatus list; List of supplies 
(detectors only); Scales of 64 and 32; Some Radioisotopes of 
Tracer Interest; Table of Fundamental Constants) and a rather 
brief index. The addition of photographs and of more tables and 
figures would have made the book more useful to those who wish 
to use it without enrolling in a laboratory course. The paper, 
binding, and printing of the book appear to be satisfactory. 

The reviewer feels that this book contains little which is prob- 
ably not already known to most persons engaged in radiochemical 
work, and he is unable to recommend it as areference book. How- 
ever, the work should be of value as a textbook manual for labo- 
ratory courses in radiochemistry and related fields. The chemist 
who has never used radioisotopes and who wants to begin to do so 
will find in this book a useful guide to the more common tech- 
niques for handling radioactive substances. 


CLIFFORD 8S. GARNER 
University or CALIFORNIA 
Los ANGELES, CALIFORNIA 


e CHEMICAL ENGINEERING PLANT DESIGN 


Frank C. Vilbrandt, Head, Department of Chemical Engineering, 
Virginia Polytechnic Institute, Blacksburg, Virginia. Third 
edition. McGraw-Hill Book Co., Inc., New York, 1949. x + 608 
pp. 185tables. 104figs. 16 X23.5cm. $6. 


Tue third edition of this well-known and popular text has been 
expanded considerably though the chapter titles are the same. 
Considerable expansion has occurred in the chapters on piping 
installations, flow diagrams, and selection of process equipment. 
The chapter on preconstruction cost estimating is by far the 
major expansion in the book, being 135 pages of new material. 

In the September, 1946, issue of Chemical Engineering, a de- 
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sign engineer, Henry Eckhardt, suggested the accumulation, cor- 
relation, and publication of preconstruction cost data by engi- 
neers who possess current data. This plea has been followed by a 
large number of articles in various professional journals giving 
current figures. The author has gathered these important data 
into his chapter on cost estimating so that it represents at the 
present time both a text and handbook of data on this subject. 
For the first time a student can be adequately trained to estimate 
construction costs without an item-by-item list of the materials 
required. 

The new edition will be even more widely used in chemical engi- 
neering courses than its predecessors and in addition will be wel- 
comed by practicing engineers who will use the compilation and 
new data on cost estimating. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


* TIN 


C. L. Mantell, Member, American Institute of Mining and 
Metallurgical Engineers, Munsey Park, Manhasset, New York. 
Reinhold Publishing Corporation, New York, 1949. x + 573 
pp. l4lfigs. S58tables. 16 X 23.5cm. $10. 


THE original edition was published in 1928 and this revision 
follows the original plan and treatment of topics; the material 
has been brought up to date by the author who has served as 
consultant on practically all phases of tin ore concentration, 
product application, recovery, and refining. 

There are twenty-one chapters covering properties of the metal, 
production, mining, metallurgy, refining, plating, alloys, com- 
pounds, corrosion, detinning, and analytical methods. 

The emphasis of the book is distinctly chemical and, as such, 
should be of interest to teachers of inorganic chemistry; much 
valuable information can be found for use in such a course. 


ARTHUR A, VERNON 
Boston, MASSACHUSETTS 


* CONSTRUCTIVE USES OF ATOMIC ENERGY 


Edited by S.C. Rothmann. Harper & Brothers Publishers, New 
York, 1949. ix+ 257pp. 5S2figs. 14.5 X 2lcm. $3. 


ConsipErInG the prodigious number of words that have been 
written for the layman and uninitiated technical man on the 
subject of “atomic energy’ surprisingly few of these have ap- 
peared in book form. The popular journals, a wide variety of 
trade journals, and special industrial and government pamphlets 
have been the predominant outlets. Although a book in form, 
the present work is not a departure from the trend since it con- 
sists of a collection of articles gleaned from tlie above-mentioned 
sources. Despite the fact that none of the articles comprising 
the 12 chapters were written specifically for this book the editor 
has been successful in assembling a readable and informative 
volume, all parts of which are on a uniform expository level. The 
various chapters cover a wide range of subjects all of which this: 
reviewer found interesting. They include articles pertaining to 
the generation of power by the consumption of nuclear fuels as 
well as the manifold uses for which radioactive substances may 
be employed. Only the purist will be distressed by the assem- 
blage of such diverse topics under the mantle of ‘‘atomic energy.” 

The first chapter of the book is based on a lecture by Arthur 
H. Compton dealing with the profound effects which the release 
of atomic energy for military and more humane purposes are 
to have on our social patterns. This chapter alone is concerned 
primarily with nontechnical matters. The following article by 
L. W. Chubb, Director of the Westinghouse Research Laboratory, 
is a brief and simple account of the evolution of nuclear science 
in creating our present day picture of nuclear structure and 
reactions. Two of the chapters deal specifically with problems 
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and prospects for power production while several others touch 
on the subject. One of these two chapters is concerned with the 
general features of a power reactor while the other considers a 
specific case, namely, an engine for aircraft propulsion. 

Perhaps the chapters dealing with the use of radioactive sub- 
stances for the solution of industrial problems and in primary 
research will have the widest appeal, for it is here that one may 
already describe accomplishments of great interest and impor- 
tance. The chapters on Industrial Applications and Chemi- 
cal Process Control describe some fascinating and ingenious 
practical applications of radioactive substances. Process and 
design engineers will find it most interesting and profitable to 
learn what can be done with radioactivity for such multiform 
applications as product quality control, leak detection of poisonous 
substances, continuous measurement of specific gravity, elimina- 
tion of static electricity, to name but a few. Other chapters 
deal with the uses of radioactive tracers in metallurgy, soil re- 
search, and several aspects of biclogy and medicine. 

Following the twelve chapters are 57 pages of appendix which 
include a chronological list of important discoveries and develop- 
ments pertinent to atomic energy, a glossary of technical terms, 
and a bibliography of over 300 articles and books classified 
according to subject. While a number of the terms in the glos- 
sary will be useful to the layman, many of them fall into the cate- 
gory of highly specialized terminology which those not working 
in the field may never encounter and much of which is not even 
used in scientific writing without explanation. 

All in all, this book probably will not be an important milestone 
in public education on atomic energy. It will, however, prove 
interesting reading and will have served a useful purpose if it 
stimulates the reader to go further into the excellent bibliography 
which has been compiled. 

I. PERLMAN 


University or CALIFORNIA 
BerKELey 4, CALIFORNIA 


rs HEAT TRANSFER. VOLUMEI 


Max Jakob, Research Professor of Mechanical Engineering, 
Illinois Institute of Technology, Chicago, Illinois. John Wiley 
and Sons, Inc., New York, 1949. xxx + 758 pp. 249 figs. 91 
tables. 16 X 23.5 cm. $12. 


Tus authoritative text and reference book by an internation- 
ally known worker in the field is welcomed by all engineers and 
scientists who are concerned with teaching, research, or industrial 
application of heat transfer or physical properties which enter into 
thermal calculations. That this will be a two-volume set indi- 
cates the thoroughness with which the field is treated. 

Although much of the recent research in this field has been due 
to American and British engineers and physicists a considerable 
amount of earlier theoretical and practical work was of German 
origin. ‘‘Because of these facts the author believed that only a 
’ rather international survey would cover the high lights in the 
path of development. In particular, it seemed to be indicated to 
allow ample space for the German literature of the 25 years before 
Hitler. Since, obviously, German science has doomed itself for 
a long time to come, knowledge of the German language among 
students will decrease accordingly, and the earlier basic litera- 
ture will not be accessible. The main contents of this literature, 
including the most important derivations, have been presented 
in such detail by the author that study of the original papers will 
be necessary only in exceptional cases.’’ All sources are skilfully 
blended together so there is no more apparent emphasis on 
German work than its importance would demand. 

This volume is divided into five parts containing 30 chapters. 
Following a brief introduction which stresses the place of heat 
transfer in the system of sciences, Part A, in three chapters, de- 
rives the basic equations for heat transfer by the three mecha- 
nisms, conduction, convection, and radiation; Part B gives in 
‘three chapters the physical properties of importance in each 
mechanism, thermal conductivity, viscosity, and. emissivity. 
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This arrangement in these two relatively short sections is con- 
sidered to be a unique parallel treatment of the three mechanisms 
which accents their peculiarities and relationships. Part C con- 
tains 13 chapters devoted to heat conduction in simple bodies, 
from steady state without and with internal heat generation, 
heat losses, periodic and nonperiodic temperature changes, and 
unsteady state equations. Despite the introductory statement 
that only a rather modest knowledge of mathematics will be 
needed for the understanding of the book, there are four chapters 
on mathematical methods which introduce the student to such 
methods as Heaviside’s operational calculus, Laplace transform, 
numerical and graphical methods. Part D contains seven chap- 
ters on heat conduction without a change of phase or constitu- 
tion which treats both free and forced convection. Part E con- 
tains three chapters on convection in which a change of phase 
occurs, as in vaporization and condensation. Volume II of this 
book will contain Part F on heat radiation in spaces of simple 
configuration and Part G on selected fields of application. Four 
appendixes give problems, nomenclature, conversion factors, 
and a bibliography. The book is excellently illustrated with 
diagrammatic sketches, figures containing data curves, and some 
pictures of research equipment. 

Because of this detailed treatment, these two volumes will be 
used as a textbook only at the graduate and research levels. ll 
teachers, research workers, and engineers in industry in this and 
related fields will want the book for its authoritative treatment 
of the subject. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


* HANDBOOK OF CHEMISTRY 


Norbert Adolph Lange, Lecturer in Chemistry at Cleveland 
College of Western Reserve University, Compiler and Editor, 
and Gordon M. Forker, General Electric Company, Assistant. 
Handbook Publishers, Inc., Sandusky, Ohio, 1949. Seventh 
edition. xvi + 1920pp. 13.5 X 20cm. $7. 


IN ADDITION to revising and extending many ofits tables the new 
seventh edition of Lange’s ““Handbook of Chemistry” has added 
much new material such as properties of hormones, dielectric 
constants, dipole moments, A.S.T.M. classification of coals by 
rank, etc. Due to the need to limit the size of a single volume 
handbook, the mathematical data which has appeared as an ap- 
pendix in previous editions has been omitted. However, for those 
chemists who feel the need of this material the mathematical 
tables and formulas may be obtained in a separately bound 
volume, 296 pages, $1.60, the data from ‘‘Burington’s Handbook 
of Mathematical Tables and Formulas.” 

The value of this handbook is already well established and this 
new, more complete edition will serve to maintain the confidence 
of the users. 


a INORGANIC PLANT NUTRITION 


D. R. Hoagland, Late Professor of Plant Nutrition, University of 
California. Second edition. Chronica Botanica Co., Waltham, 
Massachusetts, 1948. 226 pp. 44 figs. 28 plates. 


TuosE phases of biochemical synthesis that are concerned 
with the transition from inorganic to organic compounds quite 
naturally offer a unique interest to a wide range of students. 
Although carbohydrate synthesis as effected by green plants is 
still far from being well understood, considerable energy is 
directed by investigators toward a solution of the problems in 
plant nutrition involving primarily those elements and com- 
pounds derived from the soil. Furthermore, it is not. surprising 
to learn that the absorption and utilization of inorganic nutrients 
is correlated with such fundamental metabolic processes 9 
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respiration and photosynthesis. Hence the student of any 
aspect of nutrition will find that a general knowledge of the role 
of soil elements in plant physiology is essential to a broad knowl- 
edge in the field as a whole. 

The investigator who desires a rapid, readily comprehensible, 
and yet critical review of the many problems concerned with 
mineral absorption by plants will find Hoagland’s “Inorganic 
Plant Nutrition” a most useful source of information, a fact 
demonstrated by the demand for a second printing of the book. 
The lectures given by Professor Hoagland originally at Harvard 
University, under the Prather Lectureship, comprise the seven 
chapters. The treatment of the subject begins with a survey of 
the problems of plant nutrition that are related to soil colloids 
and the factors controlling the generation, absorption, and ex- 
change of ions. Next, the role of micronutrient elements is 
illustrated by a discussion of the multiple effects of minute con- 
centrations of zinc. Many of the well-known experiments with 
large algal cells and excised barley roots are reviewed in order to 
give a precise concept of present theories about the absorption 
and accumulation of salts by plant cells. In these cases, em- 
phasis is given to the fact that absorption against concentration 
gradients is possible only when metabolic energy is available. 
Continuing in logical sequence, the upward movement and distri- 
bution of inorganic solutes in plant tissues is discussed in relation 
to absorbed oxygen and light energy, root pressure, and trans- 
piration. The use of radioactive isotopes in such studies for 
the last decade has substantiated several hypotheses concerning 
these phenomena. Artificial culture techniques are evaluated in 
a separate chapter. The aspects of amino acid synthesis that 
are related to ammonium and nitrate nitrogen assimilation are 
discussed rather at length, while theories involving phosphoryla- 
tion cycles and hormone production are mentioned briefly. In 
the last chapter the multiple role of potassium in plant nutrition 
is given extensive treatment, since it is correlated with such 
factors as replaceable and nonreplaceable forms in the soil and 
plant sap buffer systems. 

The book will furnish excellent collateral reading for the 
student in general or organic chemistry, Further inquiry in 
the field is aided by a well-chosen bibliography at the end of each 
chapter. Professor Hoagland’s long career as a distinguished 
plant physiologist lends considerable weight to the many ap- 
praisals of the work of others on the subject of nutrition. The 
book is attractively printed and bound, as are all the works in this 
well-known series of plant science books, 


GEORGE L. CHURCH 
Brown UNIVERSITY 
Provipgencs, Ruopg [stanp 


* LEHRBUCH DER CHEMIE, UNTERSTUFE 


Rudolf Winderlich, Friedr. Vieweg & Sohn, Braunschweig, 
Germany, 1948. 154pp. 72 figs. 15 x 2l cm. 


IN THE introduction, the author quotes the following words of 
Berzelius: ‘‘Anyone who gives a scientific demonstration must go 
to the utmost trouble to make it as clear and as easy to compre- 
hend as possible for those who should understand it, because it 
would be foolish to make the demonstrations of science simple for 
the one who makes it but at the expense of those who should learn 
about it.’”’ The author certainly has followed this thesis. The 
book is divided into thirteen chapters. The first discusses the 
problems with which chemistry is faced, refers to the most impor- 
tant metals, sulfur, carbon, phosphorus, acids, alkalis, crystalliza- 
tion, distillation, and carbon dioxide gas. Chapter 2 is devoted to 
air and fire, including a detailed discussion of oxygen and its prop- 
erties and its assimilation into the human body by breathing. 
Chapter 3 covers the properties of water. Chapter 4 is devoted to 
the basic laws of chemistry, including reduction by hydrogen, 
oxidation by oxygen, formation of chemical compounds, and the 
atomic theory. This is followed by chapters oniron the ntost im- 
portant compounds of sulfur, salt and hydrochloric acid, alkali 
metals and their compounds, nitrogen compourids, ‘carbon and 


its compounds, the crust of the earth, the most important organic 
compounds, and the importance of chemistry in the life of a na- 
tion. This book, which is used in Germany in schools corre- 
sponding approximately to our junior high school level, is out- 
standing in its composition and could be highly recommended 
as a text in any German class of high-school level in our country. 


E. A. HAUSER 
Massacuvsetts Instiruts or TECHNOLOGY 
CaMBRIDGE, MassAcHUSETTS 


Worcester Po.yrecanic INnstirutre 
Worcester, MassacHusettTs 


cd LEHRBUCH DER CHEMIE, OBERSTUFE 


Rudolf Winderlich, Friedr. Vieweg & Sohn, Braunschweig, 
Germany, 1949. 29lpp. 154figs. 15 xX 2l cm. 


IN THE introduction to this volume the author refers to the 
following words written by Johann Wolfgang von Goethe: 
‘Patriotic art and patriotic science do not exist. Both belong, as 
does everything good, to the entire world, and their progress de- 
pends on a free interchange of ideas of all living, at the same time 
always taking into consideration what has been left for us from 
the past.”” This volume covers in great detail the following basic 
laws of chemistry: Water, air, nitrogen compounds; energy trans- 
fer in chemical reactions; the most important nonmetallic ele- 
ments and the ionic theory; chemistry of metals; radioactivity 
and atomic structure. The discussion of organic chemistry is 
subdivided into the following two headings: compounds with 
carbon chains and compounds based on carbon rings. One single 
citation from this book should prove that the reviewer is not ex- 
aggerating when he states that he considers this book an out- 
standing contribution to the chemical literature, and why he rec- 
ommends this text also for German classes in high schools and 
even in colleges. Discussing the atom’s structure in the most 
simple but nevertheless clearly understandable terms, he refers 
to a lecture which the late Max Planck gave in November, 1941, 
when he discussed chain reactions and said: “In this way the 
effects multiply themselves, and it can happen that by the con- 
stantly increasing bombardment of the neutrous on the uranium 
atoms, the number of released neutrons, and thereby the amount 
of formed energy, will increase in short time like an avalanche, 
taking the number of available atoms into consideration. This 
can reach in a short time enormous, actua}ly incomprehensible 
dimensions, so that they might lead for that specific location, or 
even for our entire planet, to a serious catastrophe.” 


E, A. HAUSER 
Massacuvusetts INstTiITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


Worcester PoiytTecanic [NstTITUTE 
Worcester, M assacHUSETTS 


* CALCULATIONS IN GENERAL CHEMISTRY 


J. C. Hackney, Indiana University. The University Book Store, 
Indiana University, Calumet Center, 3901 Indianapolis Boule- 
vard, East Chicago, Indiana, 1949. xi+ 146pp. Sfigs. 21 X 
27cm. $2.25. 


As THE title indicates, this mimeographed manual contains 29 
chapters ranging from Computation Rules (Chapter 1) to 
Atomic Structure (Chapter 29). The book is designed to 
supplement the use of a regular textbook. Extensive lists of 
problems are provided. One or more examples of each of the 
various types of calculations is worked out in detailed form. 
Answers to selected problems are included on pp. 139-141. A 
table of logarithms and a periodic chart (Merck & Company, Inc.) 
are included in the appendix. 

In Chapter 19, Balancing Redox Equations, the author shows 
the equation in molecular form for the reaction of potassium di- 
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chromate, sulfuric acid, and ferrous sulfate and explains how it 
may be balanced by the changes in the valence numbers (redox 
number). Included also is the statement, ‘‘a different method 
applicable only to reactions in which there is a loss and gain of 
electrons, will be considered in the next chapters.” This ap- 
proach may be questioned, at least, by some teachers. 

A few topics not usually included in the first year course are 
discussed in some detail, e.g., activation energy in catalysis, and 
phase diagrams. It seems to the reviewer that the student would 
need more background in order to understand these topics. 

Unfortunately, the mimeographic work is not the best. The 
appearance of certain pages, e.g., p. 114 (11), could be much im- 
proved by drawing the brackets and lines with a ruler. 

This manual should be useful in classes for which instructors 
feel the need of a book of this type. 


A. J. CURRIER 
THE PENNSYLVANIA State COLLEGE 
State CoLiece, PENNSYLVANIA 


c 7 THE ALCHEMISTS 


F. Sherwood Taylor, Curator of the Museum of History of 
Science, Oxford. Henry Schuman, New York, 1949. x + 246 
pp. 15 plates. 27 figs. 14 X 22cm. $4. 


Not since F. Sherwood Taylor published “Galileo and Freedom 
of Thought” (Watts and Co., London, 1938, now oui of print) has 
he brought out a book of such interest to the general reader in the 
field of the history of science as this excellent book on alchemy. 
For the past twenty years Dr. Taylor has been occupied with the 
study of the history and the philosophy of science and this experi- 
ence with many of the original sources eminently fitted him for the 
task of writing this volume for The Life of Science Library. The 
book shows how broad is his interest in the historical development 
of scientific ideas, particularly those of the periods extending to 
the beginning of the seventeenth century. 

This book should be easily accessible to all teachers of general 
and organic chemistry, to all students of chemistry seeking some 
knowledge of the foundations of the science, and to all laymen 
interested in the development of modern science; moreover, it 
should be in the personal library of every teacher giving a course 
in the history of chemistry. ‘The Alchemists,” written with the 
usual facility of expression characteristic of this author, besides 
giving an excellent and up-to-date summary of what has been 
written about the origin and development of alchemy in the 
Greek city of Alexandria, Egypt, and in the great centers of 
Arabic learning in the Middle Ages, also includes the recent work 
on Chinese alchemy. A comment on this subject is worth quot- 
ing: ‘‘The parallel between Chinese and Western alchemy is cer- 
tainly remarkable, but the fact that the former was chiefly a 
means of prolonging life and the latter mainly a means of obtain- 
ing wealth seems to rule out. the possibility of one having been 
derived from the other. That the Chinese tradition contributed 
to Western alchemy by way of Islam the idea of an elixir of life is, 
however, quite probable; the necessary contacts between China 
and Islam certainly existed...’ 

Alchemy, according to Dr. Taylor, is not in any sense defined 
by the following famous remark of Liebig: “Alchemy was never 
at any time different from chemistry.” On the contrary, the 
main thesis of the book is the difference between modern chemis- 
try and alchemy, and the last chapter of the book is devoted to a 
restatement of this idea. Alchemy is a phase in the evolution of 
modern Western civilization; consequently the philosophy of 
alchemy is more important than the practical accomplishments of 
the alchemists in the invention of furnaces, apparatus for distilla- 
tion, and the like. For in spite of the fact that the author states 
over and over again with excellent illustrations (figures and ex- 
planations) that “alchemy continued to make useful physical 
discoveries in the attempt to perform the physically impossible,” 
the emphasis in the book is not on the practical contributions of 
the alchemists to laboratory technique, but on their philosophical 


JOURNAL OF CHEMICAL EDUCATION 


~——— and the close relation of their art with their religioys 
beliefs. 

Chapter IX, Alchemy in the Fourteenth Century, and Chap. 
ter XIII, From Alchemy to Chemistry, will be of special jp. 
terest to chemists and many of those who are familiar with the 
standard histories of early chemistry will be surprised at the in. 
portance accorded to the Lullian writings. Chapter XII, Stories 
of Transmutation, contains accounts of three of the most famoy; 
stories of the transmutation of metals: those of Nicolas Flame, 
van Helmont, and Helvetius. So far as the reviewer knows the 
English translations of these autobiographical experiences of 
transmutation are not to be found in any other one book on 
alchemy and the long account in full by Nicolas Flamel must be 
read in French (‘‘L‘Alchimie et les Alchimistes,’’ Louis Figuier, 
Paris, 1860). 

It is certainly to be regretted that Dr. Taylor did not include 
more on the development of alchemy in Spain and Southen 
France. The importance of the University of Montpellier in the 
development of modern chemistry has ‘never received adequate 
treatment in any book in English. Much more to be regretted 
is the repetition of an error that has characterized every history 
of chemistry and almost every short account of the history of 
chemistry since the work of Kopp: that Lemery’s ‘Course of 
Chymistry” was an improvement on the textbook of Libavius 
since “‘it is divided into mineral, vegetable, and animal chemistry, 
the germ of our separation into organic and inorganic chemistry.” 
The credit for this division belongs to Christopher Glaser, whose 
“Traité de la Chymie’’ was published in Paris in 1663. The date 
of the first edition of Lemery’s famous textbook is not 1677 but 
1675. An English translation, however, was published in 1677. 

The index is adequate and the author has added four pages to 
the body of the book in which he recommends references for fur- 
ther reading in the subject. 


CLARA peMILT 
Newcoms Co.tieae, TULANE UNIVERSITY 
New Or.eans, LOUISIANA 


& MENDELEYEV. THE STORY OF A GREAT SCIENTIST 


Daniel Q. Posin, Whittlesey House, McGraw-Hill Book Co,, 
Inc., New York, 1949. xii+ 345 pp. Qplates. 16 X 23.5cm. 
$4.50. 


Accorp1nc to the dust jacket, this book is the first biography 
in English of Mendeleev. According to the title page, it is the 
story of a great scientist. Actually, itisneither. It may, perhaps, 
be classified as an historical novel, but the emphasis on history is 
very slight. The hero is named Mendeleev, and a few of the in- 
cidents of his life are similar to those of the great scientist Men- 
deleev, but here all resemblance stops. The general reader, for 
whom the book is intended, will learn nothing of the compler, 
many-sided character of Mendeleev, nothing of the scientific 
circles in which he moved, and nothing but the most obvious facts 
about his scientific career. Instead, the author chooses to pre- 
sent a purely fictional character, most of whose life is spent in 
helping poor peasants and students, and in a fervant patriotic 
glow for Mother Russia. To strengthen this view of his hero, he 
invents a cast of imaginary characters, including a horse which is 
practically human, a noble old man who goes about Russia en¢- 
lessly repeating the same story and helping all those in trouble, s 
number of simple-minded peasants who are introduced at in- 
tervals to show Mendeleev’s great sympathy and understanding, 
and an assortment of stock figures of scientists who at appropriate 
moments utter words of wonder at the remarks of the her. 
Sometimes their comments are made more meaningful by being 
put into a foreign language. Thus, after Cannizzaro has spoken 
at the Karlsruhe Congress, Mendeleev is talking to ‘“‘a young 
French scientist’? Leboir (otherwise unknown to history). ‘(How 
thrilling!’ he (Mendeleev) said, in French. ‘Science knows 10 
compromise betweerfthe true and the untrue.” Leboir, too, was 
excited. ‘Mais oui!” he said. “Vous avez raison” (p. 140-1). 
After this brilliant remark, Leboir disappears from history. 
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The book is full of such imaginary incidents, but what is much 
worse, actual historical events are often used as a basis for em- 
phasizing some point which the author wishes to bring out. Such 
incidents are used as far as they make the desired point, and then, 
when they begin to diverge from his concept, the author drops 
them and finishes the account in a completely imaginary way. 
In a note at the end of the book he admits that ‘‘an occasional 
(sic) invented incident may be thrown in for the sake of unifying 
the events in the life of the man. Such an incident, for example, 
is the story of the valiant horse, as well as the story of the man 
who tried to make crystal sunshine. There are others.” This 
last short sentence at once makes it impossible for the reader who 
does not know the sources to form any estimation of what is true 
and what is not, and even the reader fairly well acquainted with 
the life of Mendeleev can never feel sure that some unfamiliar 
episode may not have some factual basis. All the historian of 
science can do is to disregard such a book entirely. Even for the 
gencral reader the melodramatic style and poor quality of the 
writing offer very little. It is unfortunate that the editors of 
Whittlesey house saw fit to award the book an honorable mention 
in their contest for scientific books written for the layman. There 
is little the layman can learn of science here. 


HENRY M. LEICESTER 
CoLLEGs OF PHysiIciaANs AND SURGEONS 
San Francisco, CALIFORNIA 


* AN INTRODUCTION TO CHEMICAL SCIENCE 


William H. Hatcher, Professor of Chemistry, McGill University. 
Second edition. John Wiley and Sons, Inc., New York, 1949. 
x+449pp. 79figs. 14 X 215cm. $4. 


Tue author has followed the same arrangement of subject 
matter as in the first edition. Eighteen chapters are devoted to 
inorganic chemistry, eight to organic chemistry, four to food 
chemistry, and ten to industrial chemistry. Considerable mate- 
rial has been added to bring the book up to date on such subjects 


as vitamins, pharmaceuticals, and raw materials from which 


chemical products are made. A good summary at the end of 
each chapter followed by a list of questions is an excellent feature 
of the text. In the words of the author, “the course of stujly for 
which this book has been written is not a survey of the physical 
and biological sciences.”” Professor Hatcher believes “that of 
all the sciences chemistry lends itself best to the inculcation of 
basic scientific principles inherent in all sciences and to the appli- 
cations of modern science as they touch most frequently and inti- 
mately the lives of our people.” 

The book is well made, the printing is clear, the illustrations are 
simple in design and quite adequate. 

For a terminal course, as is intended by the author, this book 
can be recommended as an excellent text. 


CouteaTs UNIVERSITY R. CHESTER ROBERTS 


Hamitton, New Yor«k 


* THE SCIENCE OF CHEMISTRY 


George W. Watt, Professor of Chemistry, and Lewis F. Hatch, 
Associate Professor of Chemistry, The University of Texas, Austin, 
Texas. McGraw-Hill Book Company, Inc., New York, 1949. 
viii + 567 pp, 227 figs. 2O0tables. 15 X 23cm. $4.50. 


IN PREPARING the first edition of ““The Science of Chemistry,” 
the authors have made a significant contribution to the teaching 
of terminal courses in college chemistry to students specializing 
in nontechnical subjects. Although many excellent freshman 
chemistry texts written for students of science are available, the 
field has been comparatively wide open for a text designed purely 
for the terminal course. Due to the many varieties of courses of 
this type offered, and the varying proportion of lecture to labora- 
tory or laboratory demonstration time, as well as semester hours 
devoted to the course. it would be impossible for any one book to 
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satisfy all such needs. ‘‘The Science of Chemistry” is in the 
opinion of the writer one of the best books thus far written for a 
terminal course in chemistry. The style of writing is attractive, 
the book reads easily, the illustrations are numerous and well 
selected, all of which makes it an outstanding book in the field. 

Although no mention is made by the authors of the number of 
semester hours for which the book is written, it is the writer’s 

opinion that at least three and preferably more semester hours 
should be available for the course. The authors state in the pre- 
face: “It is a continuing conviction that the nontechnical student 
cannot achieve anything approaching a proper appreciation of an 
experimental science without an active participation in laboratory 
study.” A companion laboratory manual has recently been pub- 
lished by the authors under the title, ‘Chemical Laboratory 
Experiments.” However, the text is so written that it can be used 
equally well for a purely lecture-demonstration course without 
laboratory work. The scientific accuracy of the book is, in gen- 
eral, very satisfactory and the authors should be complimented on 
the absence of typographical and other errors in the manuscript. 
The selection of material for inclusion has been judiciously done 
in spite of the authors’ comment that. ‘some who may examine 
the content of this volume will no doubt be pained to note the 
omission of the traditional discussion of, for example, the Law of 
Multiple Proportions, and the derivation of combining weights.” 
Students who take the terminal course in chemistry are not po- 
tential chemists and need not be indoctrinated with the signi- 
ficance of the deviation from Raoult’s Law or the intricacies of the 
synthesis of quinine. 

Exercises containing numerous questions for consideration are 
included at the ends of the chapters. A collateral reading list is 
also included for each chapter, consisting of chapter references to 
standard college chemistry texts. For a book designed for a ter- 
minal course it is surprising that references to pertinent articles 
in the JouRNAL or CHEMICAL EpucatTIon and other sources were 
not given in place of the technical textbook references listed. Ap- 
proximately a third of the book is devoted to fundamental prin- 
ciples of chemistry and the philosophy of the subject. The 
chapters are well illustrated with industrial applications and their 
implications for the reader. An unusually complete treatment of 
organic chemistry is given, with up to date applications to phar- 
maceuticals, agriculture, plastics, and protective coatings, which 
cover about the last third of the book. Extensive use of struc- 
tural formulas is made to differentiate and illustrate the common 
organic compounds with which the student is expected to have 
contact during his life. The book has an adequate table of con- 
tents with chapter headings that are truly descriptive of the ma- 
terial covered. The index is unusually complete, with references 
to both chemical names and subject matter. 


L. REED BRANTLEY 
OccipentTaL CoLLEGE 
Los ANGELES, CALIFORNIA 


* ION EXCHANGE 


Edited by Frederick C. Nachod, Sterling-Winthrop Research 
Institute, Rensselaer, New York. Academic Press, Inc., New 
York City, 1949. xii + 41l pp. 124 figs. 49 tables. 16 X 
24cm. $8.50. 


EvERYONE interested in the progress of science will find in this 
book on ion exchange an outstanding example of a new trend in 
scientific development. Recognition of the phenomenon of ion 
exchange resulted from practical studies in agriculture, and the 
major advances came from workers interested in industry. This 
book, edited by F. C. Nachod, illustrates the great quantity and 
high quality of basic scientific information now being produced in 
industrial laboratories as well as in academic institutions. 

About a century ago British soil scientists found that the nutri- 
tive potassium and ammonium ions required by plants were ab- 
sorbed preferentially and reversibly by soil. This absorption 
phenomenon depended upon the exchange of the nutrient ions 
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from solution for other ions already combined with the organic 
humic acids and with the inorganic complex silicates. 

Some 50 years after the discovery of ion exchange in soil, com- 
plex aluminum silicates that serve as efficient ion exchangers were 
prepared synthetically. A few of these preparations and similar 
natural exchangers proved to be useful in industrial processes, 
particularly in water softening. Not until 1935, however, were 
satisfactory urganic exchangers prepared synthetically. With a 
great backlog of experience at hand, chemists soon manufactured 
a large number of these resinous organic compounds which ex- 
hibit great stability, high exchange capacity, and remarkable 
specificity such as exchange capacity for anions as well as cations. 
These organic ion exchangers have now found wide application in 
all branches of chemistry dealing with ionized substances. They 
have been utilized on a large industrial scale for the isolation of 
organic and inorganic anions and cations and for the removal of 
ionic substances from nonionized substances. Utilized in columns 
under the conditions employed by Tswett, they have extended the 
usefulness of the chromatographic adsorption method for the 
resolution of complex mixtures. 

Owing to their economic importance and to their wide ap- 
plicability in various fields, ion exchangers have been investigated, 
from diverse points of view. As a result, many investigators are 
prepared to describe the progress that has been made in their 
specialized fields. This situation has enabled Nachod to enlist the 
help of 15 specialists for the rapid preparation of a comprehensive 
book on ion-exchange theories and applications. Of the 16 
authors, 10 are affiliated with industrial organizations, four are 
associated with academic laboratories, and two with government 
laboratories. 

As an indication of the wide usefulness of ion-exchange meth- 
ods, the subjects treated include: a brief historical introduction 
(F. C. Nachod), ion-exchange equilibria (H. F. Walton), kinetics 
of fixed-bed ion exchange (H. C. Thomas), fundamental properties 
of ion-exchange resins (W. C. Bauman), ion-exchange equipment 
design (M. E. Gilwood), ion exchange in water treatment (C. 
Calmon), multistage systems in ion exchange (A. F. Reid), de- 
salting sea water (H. L. Tiger and S. Sussman), applications of ion 
exchange to the separation of inorganic cations (J. Schubert), ion 
exchange as a tool in analytical chemistry (W. Rieman III), 
metal concentration and recovery by ion exchange (S. Sussman 
and F. C. Nachod), catalytic application of ion exchangers (S. 
Sussman), the use of ion exchange adsorbents in biochemical and 
physiological studies (N. Applezweig), the separation of amino 
acids by ion-exchange chromatography (R. J. Block), sugar re- 
fining and by-product recovery (A. B. Mindler), ion-exchange re- 
covery of alkaloids (F. C. Nachod), miscellaneous applications of 
ion exchange (F. K. Lindsay and D. G. Braithwaite). There is 
also a short appendix containing the trade names, types, and com- 
mercial sources of various ion exchangers. 

Treatment of the theory of ion exchange is concerned largely 
with the distribution of solutes between the exchanger and the 
solvent in a slurry or in a column (the so-called fixed bed). This 
theoretical treatment is of greatest significance to workers in- 
terested in applications of ion-exchange methods. Little atten- 
tion is given to the physical concepts of ion exchange developed in 
relation to soil science and water softening or to the uses of ion 
exchangers in chromatographic columns. As a result, teachers 
and students may have difficulty in gaining a clear concept of the 
mechanism of ion exchange and of the conditions under which the 
phenomenon is usually utilized. 

By far the larger proportion of this book (p. 77, et sq.) is de- 
voted to specific uses of ion exchangers. Readers interested in 
applications of these new materials will find many novel processes 
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that are easily located by an extensive table of contents and sub- 
ject index. The reader with « practical turn of mind will be en- 
tranced by the rapid development of this field and by the eco- 
nomic importance of the industrial applications. 


HAROLD H. STRAIN 
ARGONNE NationaL LABORATORY 
Curcaago, ILLINors 


oy QUANTITATIVE ORGANIC ANALYSIS VIA FUNC. 
TIONAL GROUPS 


Sidney Siggia, Research Analyst, General Aniline and Film 
Corporation, Easton, Pennsylvania. John Wiley and Sons, Inc., 
New York, 1949. vii +152 pp. 27 figs. 14.55 X 22cm. $3, 


Tue author states in his preface that the purpose of the book is 
to give a series of working methods for determining organic com- 
pounds by the functional groups on the molecule for use by labo- 
ratory analysts. The book would seem to satisfy this purpose ad- 
mirably. The directions are clear, easy to follow, and were tested 
by the author. 

The book includes chemical methods for the quantitative de- 
termination of hydroxyl, carbonyl, carboxyl, alkoxyl, alkimide, 
and amino groups, as well as of salts, esters, amides, acetals, 
vinyl ethers, hydrazines, diazonium salts, alkyl sulfides, mer- 
captans, sulfonic acids, peroxides, isothiocyanates, unsaturation, 
active hydrogen, and others. There is chapter on the separa- 
tion of mixtures which includes a discussion of electrodialysis, 
electrophoresis, and chromatography. A chapter on instrumental 
methods of quantitative analysis contains a brief discussion of 
measurements of refractive index, density, rotation of polarized 
light, and light absorption. 

The methods given are macro methods for the most part, but 
it is stated that all procedures may be reduced to a micro scale. 
Many of the procedures have been taken from the literature of ‘the 
last few years and some have been simplified or modified by the 
author. There is no intent to give an inclusive discussion of the 
different methods available for the determination of a given 
group, but rather the author has selected one method or several 
which represent the best and simplest in his opinion. The pres- 
entation of each method includes the chemical reactions in- 
volved, list of reagents, procedure, and calculations, with a brief 
discussion of applicability, interferences, accuracy, and precision. 
The apparatus in most cases is simple. 

The author suggests that the book may be used as a text or 
laboratory manual in college courses in organic quantitative 
analysis. The reviewer feels that it would be a valuable supple- 
ment to such a course but that the development of the subject is 
better designed for practical use than as the basis of a college 
course. However, the book should stimulate more interest in 
this important field. 

The order of the chapters seems somewhat haphazard; for 
example, the last chapter on methods of weighing volatile or corro- 
sive liquids might well come at the beginning. In some cases the 
discussion is a little too brief, as in the chapter on instrumental 
methods. However, the author is successful in his plan to present, 
in compact and usable form, a collection of selected and simplified 
methods for the determination of organic compounds, and as such 
has been of service to other workers in the field. 


LUCY W. PICKETT 
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Sout Hapiey, MassacHusetTtTs 





INC- 


Film 
Inc., 
$3. 


Ok is 
com- 
labo- 
e ad- 
ested 


e de- 
nide, 
tals, 
mer- 
tion, 
para- 
lysis, 
ental 
yn of 
rized 


, but 
cale, 
f ‘the 
y the 
f the 
riven 
veral 
pres- 
3 in- 
brief 
sion. 


ct or 
utive 
»ple- 
ct is 
llege 
3¢ in 


for 


»rTO- 
3 the 
ntal 
sent, 
ified 
such 


rT 








VACUUM DISTILLATION PUMP 


designed expressly for distillations 


CONVENIENT OIL RESERVOIR 


Not necessary to take pump 
apart to quickly and conven- 
iently clean and change oil. 


LARGE CAPACITY 
33.4 liters of free air per minute 


LARGE OIL VOLUME 


Protects mechanism from Cor- 
rosion and Clogging. 


EFFICIENT CONTINUED OP- 
ERATION over long periods. 


GUARANTEED VACUUM 
02 mm 


This pump is expressly designed for vacuum distillation in the 
organic laboratory. Its large capacity of 33.4 liters of free air per 
minute materially increases the speed of distillations and the 
simplicity of its construction insures long life and continuous 
operation. One of the features of this pump that will appeal to 
the chemist is the provision for cleaning and changing the oil 
without taking the pump apart. All that is necessary is to re- 
move the thumb screws which hold the top plate and if the oil has 
not become too thick with the impurities from distillation proc- 
esses, the oil in the reservoir may be siphoned out or it may be 
poured out by tipping the pump. The flushing oil of low specific 
gravity and low vapor pressure may then be introduced by 
placing a rubber tube from the inlet on the top of the pump to 
the oil container and by turning the pump by hand the oil will be 
drawn through the pump and this may be removed in the same 
manner as the old oil. ‘The new oil may then be run into the 
pump and the pump is again ready to operate. The whole opera- 
tion requires only a few minutes. 


The large volume of oil which is provided in this pump dilutes 
the vapors which are a product of the distillation and protects the 
mechanism of the pump from corrosion and clogging. This pump 
has been found to be particularly efficient in distillations requiring 
exceptionally long continuous operation. The movement itself is 
the same movement that has been used in almost every large 


No. 1404H Patent No. 2337849 


university in the country and has proven highly efficient. Over 
forty of these pumps are in operation at the University of Illinois 
alone. The addition of the large oil reservoir and the greater 
volume of free air capacity has increased the value and utility 
of the pump for vacuum distillation purposes. One of these 
pumps has been utilized in production requiring daily operation 
for a period of five years, continuing to provide a rapid vacuum 
of less than .02 mm. on the large capacity vacuum system and has 
never required dis-mantling, or the replacement of any parts. 


1404. PUMP ONLY. Not mounted on base. Complete with 
grooved pulley for special ““V” belt, supply of oil and 
directions for use but without belt. Each, $65.00 


PUMP, Motor-Driven. Mounted on cast iron base 
with 14 H.P. motor, V belt, belt tightening device, con- 
necting cord and switch. For 110 volts D.C. 

Each, $125.00 


PUMP, Motor-Driven. Same as No. 1404F but for 
110 volts A.C. 60 cycles. Each, $95.00 


PUMP, Motor-Driven. Same as No. 1404F but for 
220 volts A.C. 60 cycles. Each, $95.00 
Correct tubing for connections No. 5518B, 7/16 inch 
bore, 5/16 inch wall. 


W. M. WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 


1515 Sedgwick Street Dept. D 


Chicago, Illinois, U.S.A. 
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Tis month we welcome a new addition to the 
“family.” For a long time it has seemed to us that 
our commitment to the New England Association of 
Chemistry Teachers has been an unfortunate geo- 
graphical restriction. We have repeatedly pointed 
out that the relationship of THe JourNat to the 
NEACT was not intended to advertise the well known 
educational advantages of New England. To be sure, 
when that relation was established the editorial office 
was located in that part of the country, but that was 
accidental. The fact was that the Association was— 


and still is—the strongest and most active organiza- 
tion of chemistry teachers to be found anywhere. 

Now competition has sprung up, in the form of the 
Pacific Southwest Association of Chemistry Teachers. 
Tae JOURNAL OF CHEMICAL EpucaTION will serve as 





its official organ and will publish its proceedings regu- 
larly. The new association will concern itself, for the 
time at least, with the field of college chemistry. 
Nevertheless, high-school teachers will be welcomed 
into membership. 

The territory of the PSACT will consist, principally, 
of California, and the concentration of junior colleges 
in this area will no doubt be an important determining 
factor in the nature of the Association’s membership. 

G. Ross Robertson is the editor for the Association 
and therefore becomes one of our group of associate 
editors. He is a professor of organic chemistry in the 
Southern Section of the University of California and 
for some time has been one of our valued contributors. 

We wish the new association every success and will 
cooperate, in every way possible, to that end. 





CARL FRIEDRICH WENZEL 1740-1793 


‘Tue foundations of the wonderful structure of scien- 
tific chemistry were laid by the isolation and study of 
oxygen and by the discovery and development of the 
law of fixed combining relations. ; All those who took 
leading parts in these advances and labors merit im- 
perishable fame and continuing gratitude. Neverthe- 
less, one of the most discerning of these builders has 
been accorded little attention: Carl Friedrich Wenzel 
has been overshadowed by the deserved fame of J. B. 
Richter (1762-1807), who in 1792, was the first to 
recognize the importance of the neutralization law.! 

Through his excellent analyses and keen re:.soning, 
Wenzel prepared the way for the neutralization law 
so well that the great authority J. J. Berzelius cham- 
pioned his cause against Richter and de Morveau. In 
a letter written in French, Berzelius declared to Davy: 
“Long before these two chemists, M. Wenzel (Lehre 
von der Verwandschaft, Dresden, 1775) established 
this exchange of the elements of two salts in a manner 
infinitely superior to that of the aforementioned chem- 
ists. Furthermore, his work is accompanied by such 
careful analyses that often they are incorrect by no 
more than thousandths.”? This verdict of the up- 
right and clear-thinking critic has been repeatedly 
attacked; the opinion has been advanced that Ber- 
zelius mistakenly mixed up Richter’s and Wenzel’s 
studies. As a consequence, Wenzel has been relegated 
to the background. 

Not much is known about Wenzel’s life. Born in 
1740 at Dresden, the boy at an early age was put into 
his father’s book bindery. Anxious to secure an educa- 
tion, he ran away to Hamburg and then to Amsterdam 
where he studied surgery and pharmacy. He made a 
voyage to Greenland as ship surgeon, and spent several 
years more in the Dutch marine service. In 1776 he 
returned to his native Saxony, and studied chemistry 
and metallurgy at Leipzig. His first book, “Ein- 
leitung zur héheren Chemie,” was published at Leipzig 
in 1774; it reflects his reputation as one of the last 
defenders of alchemy. In 1780 he was appointed 
chemist and in 1784 was promoted to chief assessor 
of the Freiberg mines. His paper on the decomposition 
of metals into their constituents by reverberation was 





1 Compare DarMsTAEDTER, L., AND R. E. Oxspsr, “Jeremias 
Benjamin Richter,” J. Camm. Epuc., 5, 785 (1928); see also 
Frevunp, I., “The Study of Chemical Composition,” Cambridge, 
1904, page 173. 

2 “Jac. Berzelius Bref, utgifna af Kungl.’”’ Svenska Vetenskaps- 
akademien genom H. G. Séderbaum. Bd. I, Teil 2, Bref- 
vixling mellan Berzelius och Sir Humphry Davy (1808-1825). 


Uppsala, 1912, page 39. 


RUDOLF WINDERLICH 
Oldenburg i. Oldbg., Germany 
Translated by Ralph E. Oesper 


awarded a prize by the Copenhagen Academy; it 
appeared in the Proceedings of this body in 178], 
Wenzel was called to the famous Meissen porcelain 
works in 1786. He died at Freiberg on February 26, 
1793. 

His chief work: ‘Lehre von der Verwandschaft der 
KGrper” (491 pp.) was published at Dresden in 1777; 
a second edition was issued in 1782, and a third with 
notes appeared in 1800, 7. e., after his death. This 
edition, annotated by David Hieronymus Grindel, an 
apothecary in Riga, was considerably altered and not 
to advantage. The notes do not say much and some 
appear silly. The proof of the existence of constant 
combining ratios runs through this work like a colored 
thread. In the preface to this ‘“Theory of the Affinity 
of Bodies” he says: “At first my only intention was 
to make for my own use a treatise which should con- 
tain the order of the ascertained affinities and the 
circumstances under which they acted, lest I should 
not be able to remember them. But it occurred to 
me that others might find it useful also, if it were 
more worked out. For this end, I endeavored to ex- 
plain the cause of the law of affinity on a good founda- 
tion and the circumstances under which the bodies 
combine as well as the true relation of their weights 
to each other.” 

He considered the weight relationship of the in- 
dividual components of decisive value because of his 
opinion “it is necessary that any possible combination 
of two bodies always be in the most exact relationship 
with every other one.” In the Appendix, where he 
discusses ‘The application of the theory of the affinity 
of bodies to special cases” he computes “the weights 
that are necessary and sufficient for the double decom- 
position of two salts,” ¢. g., “in order to find out how 
much sugar of lead we must have for a given amount 
of blue vitriol, it is only necessary to look up the per- 
tinent relationships in the treatise and compare them 
with each other.” 

Wenzel used the simplest procedures and the most 
modest equipment but nevertheless obtained results 
whose high order of excellence is best evidenced by 
reproducing several characteristic examples. He neu- 
tralized—note, he neutralized, and hence the neutraliza- 
tion law was running through his mind—various acids 
“with the two fire resistant alkaline salts, alkali fizo 
vegetabili and alkali fixo minerali’’ (KeCO; and Na,CO;) 
and found “that the ratio of quite pure, dry alkaline 
salt to the strongest vitriolic acid is quite close to 
290*/,:240, or in a half ounce of ignited fariarus 
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vitriolatus (potassium sulfate) there are 131?/, grains 
of alkali and 108*/, grains of vitriolic acid”... ‘“There- 
fore, the ratio of pure, dry mineral alkaline salt to the 
strongest vitriolic acid is almost as 190?/3;:240, or in 
one half ounce of fused sal mirabile Glauberi (sodium 
sulfate) there are 106/, grains of alkali minerale and 
133°/, grains of vitriolic acid.” Theoretically, 240 
grains of anhydrous K,SQ, contain 129.7 grains K,0 
and 110.3 grains SO;. Hence, Wenzel’s error was 1.5 
per cent. Similarly, 104.8 grains of NazO and 135.2 
grains of SO; are present in 240 grains of anhydrous 
NaSO,. In this case, his error was somewhat more 
than 1 percent. The ratio Kx0:Na,0 = 290%/,:190?/; 
is very close to the present value. 

Wenzel analyzed ammonium sulfate; his result 
was only 3 per cent in error. “Accordingly, in one- 
half ounce of dry sale ammoniaco Glauberi there are 99 
grains of alkali volatile and 141 grains of the strongest 
vitriolic acid.” Actually, 240 grains of (NH«)2SOQ, 
contain 145.5 grains of SOs. 

It should be emphasized that Wenzel was really 
thinking in terms of oxides of metals and nonmetals 
even though, as out-and-out phlogistonist, he did not 
know these concepts. He brilliantly handles the proc- 
esses which eventually had to lead the oxygen theory 
of combustion. In his “Treatise on fixed air and fatty 
acid” (pp. 253-290 of his Lehre), he states: “It has 


been known for a long time that when metals are cal- 
cined in fire they become very distinctly heavier even 
though along with the combustible essence, a part of 


the metallic substance issues as vapor from many of 
them. . . . Since the correctness of these findings 
cannot be doubted, it follows that some material which 
may come from the air or from the fire itself, must com- 
bine with the metal calx and cause the increase in its 
weight, because the weight of bodies cannot increase 
without increase of matter. Metals in tightly sealed 
vessels do not become heavier when subjected to fire, 
however; no metal can be calcined without access of 
air. Since whatever combines with metals during 
calcination is not fixed air, it must be a material of 
another kind. We will call it fatty acid” (p. 275). 

It was precisely such trains of thought and experi- 
ments which led Lavoisier to the overthrow of the 
phlogiston theory. To Wenzel the law of conserva- 
tion of mass was a necessary assumption, and he 
reasoned that some material substance was responsible 
for the augmented weight of calcined metals. In 
fact, he cleverly determined the weight of this added 
material. From suitable metal salt solutions he pre- 
cipitated the normal or basic carbonate, and ignited, in 
each trial, one-half ounce (240 grains) of the dried 
precipitate. “In the fire, the precipitated metals then 
lose some of their metallic substance, their fixed air, 
and water. Since the preceding determinations reveal 
how much of the latter two has been taken up by each 
metal, or how much actual metal, fixed air, and water 
are present in a half-ounce of precipitate, it is‘only 
necessary to subtract the weight of the metal from the 
calx which remains after the ignition of a half-ounce 
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of precipitate to discover how much fatty acid is taken 
up by each metal” (p. 280). ‘Since 10 grains of silver 
precipitate contain 7°/, grains of actual silver’ (p. 
251) and ‘“‘a half-ounce well-dried silver precipitate 
contains 188 grains of silver and 38 grains of fixed 
air” (p. 267), Wenzel had thus found that 240 grains 
of silver carbonate contain 188 grains of silver, 38 
grains CO, and 14 grains of “fatty acid,’ 7. e., oxygen. 
Actually the oxygen content is 13.9 grains. On the 
basis of Wenzel’s figures, 10 grains of the first-men- 
tioned silver carbonate contain 75/. grains silver, 
(88 X 10)/240 = 1.58 grains CO2, and the remainder 
amounts to 0.59 grain “fatty acid,” 7. e., oxygen 
(theoretically 0.58 grain). However, Wenzel did not 
appreciate what he had found, because he designated 
the oxygen remainder of silver carbonate as “water.” 

Wenzel could have overthrown the phlogistic theory 
with these facts. That he did not do so is evidenced by 
Lavoisier’s words: “in science as in morals it is difficult 
to overcome the prejudices with which one has ordinar- 
ily been imbued.*”’ Lavoisier’s merits remain just 
what they were even after it is shown that he had 
predecessors. The statement by Wilhelm Ostwald 
that ‘Lavoisier merely had to turn the stocking of the 
phlogiston theory in order to transform it into the 
oxidation theory’ though dazzlingly simple neverthe- 
less glosses over the difficulties. Wenzel did not arrive 
at clarity even though he, in his metal salt analyses, 
related the metal oxides to the acid anhydrides in the 
case of the alkali and alkali earth salts, and to the 
metals themselves in the other salts: ‘Therefore, in a 
half-ounce of ignited selenite (CaSO,) there are 967/, 
grains of pure calcareous earth and 143'/, grains of 
strongest vitriolic acid,’ instead of 98.8 CaO and 141.2 
SO; (error 1.3 per cent). Or again, ‘‘the ratio of copper 
to the strongest vitriolic acid is almost 191?/;:240,” 
whereas in modern terms, Cu:SO; = 63.57:830 = 
190.6:240 (error 0.58 per cent). 

“In one-half ounce of well-dried horn lead there 
are 174°/;, grains of pure lead and 655/1 grains of 
strongest muriatic acid.” These figures vary from 
the present values, 7. e., 178.7 lead and 61.3 chlorine, 
by 2.4 per cent. In view of the fact that elementary 
chlorine was not known at the time, the result is indeed 
surprising, especially since lead is not dissolved by 
hydrochloric acid. “Weak muriatic acid does not attack 
lead at all, and the stronger acid merely corrodes it. 
However, if it previously dissolved in spiritu nitri 
(HNO;) or distilled vinegar, it precipitates from the 
solution with muriatic acid in the form of a white 
powder. This lead precipitate dissolves in boiling 
water and comes out again in long pointed crystals. 
It melts easily in the fire and issues from open vessels 
as a white fume. Chemists have named this white 
precipitate horn lead.” From one-half ounce of lead, 
Wenzel obtained, via the nitrate, 330 grains of lead 
chloride, 7. e., about 8 grains too much. 

He used the same procedure with silver. ‘The horn 


3 Lavorsrer, A., “Traité elementaire,”’ 1789, p. 101. 
4 Ostwatp, W., Z. physikal. Chem., 44, 255 (1908). 








silver obtained weighed 319 grains, which agrees rather 
well with the experience of Director Marggraf, if 
allowance is made for the slight amount of copper in 
the fine silver.” Since the balances of the time were 
not of high precision, the result is little short of astound- 
ing. 

For the analysis of copper sulfate cited above, 
Wenzel employed precipitation reactions which yielded 
him, according to modern ideas, the equivalent or 
atomic weights of iron, copper, and zinc. From 234 
grains of crystallized copper vitriol by precipitation 
with 60.5 grains of zinc, he obtained 61 grains of 
copper, and by means of 55'/, grains of iron he pre- 
cipitated 60'/2 grains of “edulcorated” (7. e., washed) 
copper. 

Much better atomic weights can be deduced from 
Wenzel’s synthesis of sulfides. “Into one-half ounce of 
pure steel filings, which I heated to bright glowing in 
a covered tared vessel, I threw a whole piece of sulfur, 
which weighed just as much, and immediately closed 
the opening of the vessel with its well-fitting cover. 
After the superfluous sulfur had burned away, I re- 
moved the mass from the fire. The steel filings had 
run together into a dark spongy slag and had retained 
135 grains of sulfur.” According to modern values, 
137.3 grains of sulfur would be bound. On the basis 
of S = 32, Wenzel’s data yield Fe = 56.9 as compared 
with the present atomic weight Fe = 55.85. The 
error is 1.5 per cent. 

The report of a like experiment with copper reads: 
“The sulfur entirely permeated the copper foils, they 
were much thicker than before and could be crumbled 
easily. From the weight of this mass it was found 
that copper had taken up 61!/2 grains of sulfur.” The 
theoretical increase for one-half ounce of sulfur is 
60.4 grains. Using Wenzel’s figures, the atomic 
weight of copper = 62.44 as compared with the present 
value 63.57 (error = 1.7 per cent). 

With lead, “it turned out that one-half ounce lead 
took up 361/: grains of sulfur.” The corresponding 
atomic weight (S = 32) is Pb = 210.4 as compared 
with 207.2 (error = 1.54 per cent). 

“The silver had taken up 35'/2 grains of sulfur and 
was thereby melted into a lead-colored cake. By heat- 
ing with iron, copper, tin, and lead, the silver was 
separated from the sulfur and thrown down in its metal- 
lic form.” Theoretically, 240 grains of silver combine 
with 35.7 grains of sulfur. The atomic weight of silver 
computed from Wenzel’s data is 108.36. This cor- 
responds to an error of 0.44 per cent, since the accepted 
modern value is Ag = 107.88. 

In addition to the examples of fixed proportions 
selected for presentation here, and which are easily 
interpreted in modern terms, Richter’s neutralization 
law can also be extracted from Wenzel’s findings, even 
though he himself did not recognize its rigor and signif- 
icance. Even today, this neutralization law does not 
appear directly to the reader of Wenzel’s bi.ok. Walden 
has assembled, from various places in Wenzel’s text, 
the governing relationships so excellently that the 
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pertinent Section of his book® will be copied here, 
“Wenzel also determined quantitatively the amounts of 
acids necessary to neutralize alkalies and earths. For 
the saturation (7. e., neutralization) of 240 grains of 
each of his strongest mineral acids (sulfuric, hydro- 
chloric, nitric) with the vegetable (KOH) and mineral 
(NaOH) alkaline salts, Wenzel — the following 
quantities: 





Hydro- 
Sulfuric  chloric Nitric 
2222/; 
143°/19 1578 /, 


1.547 1.534 
Average 1.536 


Acetic 
2414/, 





Plant alkali, grains 2903/, 440*/, 
Mineral alkali, grains 190 286 
Plant alkali/mineral 

alkali 1.522 1.540 





Hence, the ratio of the quantities of the two alkalies 
requtred to saturate a fixed quantity of acid is constant = 
1.586, 1. e., independent of the nature of the acids. This 
constant corresponds practically to the theoretical 
ratio K,0/Na,O0 = 1.520. In 1820 Berzelius stated 
that for the oxides the ratio of the equivalents 

KO, _ 1179.83 

NaOQ, 781.84 


“Conversely, the data can be used to calculate the 
quantities of these acids required to produce the neutral 
salts from a fixed quantity (100 parts) of alkali: 


= 1.509 





Hydro- 
Sulfuric Nitric  chloric 





Plant alkali, p 82.63 107. 
Ratio HCl( = mn: ) HINOs: H.SO, ; 
Mineral alkali, parts 

Ratio HCl( =1): HNO;: H2SO, 





In other words, if the quantity of the corresponding alkalies 
remains constant, the ratio of the three acids required for 
saturation (neutral salt formation) is constant, inde- 
pendent of the nature of the alkali: 

“Or again, he determined the quantities of metals 
and calcareous earth (lime) required for saturating 
(normal salt formation) 240 parts of each of the acids. 
For example: 





Iron Lime 
2531/3 231?/; 


Copper 
3255/5 273 


1.19 


240 parts of: Zinc 
Hydrochloric acid 
Ratio 

Nitric acid 206 
Ratio 





09 
162!/; 


1.08 1 
191?/; 175 


1.08 





1.08 1.10 





For the two different acids, the ratio of the quantities 
of metal and lime dissolved (in the saturation of a con- 
stant quantity of acid) is once more sufficiently con- 
stant.” 





5 WatpEN, Pawt, “Mass, Zahl und Gewicht in der Chemie der 
Vergangenheit.” Stuttgart, 1931, pp. 88-91. 
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Though Wenzel’s main work bears the title, which 
in English reads “The Doctrine of the Affinity of 
Bodies,” it deals primarily with chemical proportions. 
Nonetheless, the title is justified because Wenzel at- 
tempted to determine quantitatively the chemical 
afinity by measuring the reaction velocities. He 
proceeds from the idea “that the more rapidly the 
common solvent combines with a body, the greater 
must be the degree of combination, and from this arises 
the law: The affinity of bodies with a common solvent 
is in the inverse ratio of the time taken to dissolve.” 
He noted that the trials must be made under identical 
conditions if the results were to be comparable. “Care 
must be exercised that the solvent is of the same 
strength and acts at some fixed degree of heat for like 
times on equal surfaces.” To achieve this identity 
of conditions, he suggests: “From purest copper, 
silver, lead, and the other metals, have small cylinders 
turned which have exactly equal heights and bases, 
record the weight of each one, and coat all of them 
with molten amber or some other solid lacquer, so that 
each has only one exposed base on which the common 
solvent can act. As many equal portions of the solvent 
are weighed out as one has cylindrical vessels, and all 
of these small vessels are placed in a large one, which 
is filled with water in order that all can be constantly 
kept at the same degree of heat. Then the cylinders 
are placed in the small vessels and all are exposed to 
the solvent for some chosen period which must be 
carefully measured with a good timepiece but none 
longer than the others” . . . “and after the solution, 
the remaining part of the cylinder is freed of the coating 
and weighed” .... “Since mercury is a liquid metal, 
it can be poured into a hollow cylinder cast from sulfur, 
and for this purpose it is then as well fitted as though 
it were a cylinder coated with a lacquer. Furthermore, 
it will be discovered that the times of dissolution under 
the aforesaid conditions also differ markedly for metals 
and earths thrown down by alkali.” 

On the basis of the insight gained into affinity and 
chemical proportions, Wenzel, at the end of his book 
(pp. 447-484) gives examples of the “application of 
the doctrine of affinity of bodies to special cases.” 
He opens with the statement: ‘In chemistry, as in all 
other sciences pertaining to the study of nature, the 
main objective is to discover, by the comparison of the 
single recognized truths and their combination, still 
other truths, which the mind cannot grasp immediately 
at the first glance.” 


Among the problems which Wenzel brought forward 
as evidence, one has become important to a modern 
large-scale technical process, namely, the reaction of 
gypsum with ammonium carbonate.® 


Wenzel rea- 


Title Page 


soned: “Next to the two fire-resistant alkaline salts, the 
volatile alkali has the greatest affinity for vitriolic 
acid. Consequently, it will decompose alum, the 
vitriols, Epsom salt, and also gypsum, or what amounts 
to the same thing, the volatile alkaline salt will combine 
with the vitriolic acid of these materials and throw 
down the earths or metals that were formerly dissolved 
in it (the acid). However, gypsum is the cheapest 
of the compounds under consideration, and at the 
same time it contains the most vitriolic acid, and so 
it is excellently suited to our purpose. Hence, Glauber 
sal ammoniac is obtained when enough of a water solu- 
tion of volatile alkali to saturate the vitriolic acid is 
poured on to powdered gypsum.” In modern terms: 


CaSO, + (NH,),CO; — CaCO; + (NH,).SO, 
Gypsum + volatile alkaline salt -- Glaubér sal ammoniac 


The laudatory opinion of Carl Friedrich Wenzel 
by the great master Berzelius turns out to be well 
justified after all. 


* D. R. P. 398,491 issued to Badische Anilin and Soda Fabrik. 








RADIOACTIVITY 


THE time may come when the amount of dirt left in your clothes after being cleaned will be deter- 
mined by radioactive tracers. This method is now being used to test the effectiveness of deter- 
gents as metal cleaners. It is claimed that traces of soil can be detected beyond the sensitivity of 


the best present physical measurement methods. 





INTRODUCING PAPER CHROMATOGRAPHY 
TO BIOCHEMISTRY STUDENTS 


Tur technique of paper chromatography is rapidly 
becoming a major tool of the biochemist. As such it 
is deserving of a place in the biochemistry laboratory 
curriculum. Although its application in research is at 
times complex both in execution and in interpretation, 
probably no other laboratory technique with compa- 
rable versatility can be presented to the student in rudi- 
mentary form so simply and inexpensively. While all 
sorts of substances are separable by this means, the 
student may well begin with the separation of amino 
acids, which is historically its first use and probably 
still its most important application. 

The accompanying figure shows all the equipment 
needed for the experiments described. Ordinary test 
tubes (about 18 X 150 mm.),? each containing about 1 
ml. 80 per cent phenol,* are placed in a slightly tilted 





1The scope and application of this technique has been re- 
viewed by its originator (ConspEN, R., Nature, 162, 359 (1948)). 

2 RockianD, L. B., anp M.S. Dunn (Science, 109, 539 (1949)) 
have published a method using test tubes. However, their 
method requires test tubes of matched uniformity and filter paper 
strips cut to a precise taper. The author believes the V-strips 
described in the present article to be easier to prepare and more 
satisfactory for student use. 

’ Superior to phenol saturated with water as customarily 
used because 80 per cent phenol is simpler to prepare, does not 
waste phenol in the water phase, and is not sensitive to tem- 
perature fluctuations (Butt, H. B., J. W. Hann, anv V. H. 
Baptist, J. Am. Chem. Soc.,71, 550 (1949)). The solution is pre- 
pared by mixing 80 g. analytical grade phenol with 20 g. water, 
and warming to dissolve. 


Equipment Required for Paper Chromatography Experiments in Bio- 


Zant Teale + 





- 


A. R. PATTON 
Colorado A&M College, Fort Collins, Colorado 


test-tube rack. Whatman No. 1 filter paper is cut 
into strips about 16 X 130 mm. and creased into V- 
shape troughs. Cotton gloves are worn to avoid finger- 
prints, which produce color with ninhydrin. A strip 
is prepared for chromatographing by placing a moist 
spot of sample about 2 cm. from the bottom end, in the 
center of each side. This is done by dipping the end 
of an unused round wooden applicator stick (2 x 152 
mm.) below the surface of a 0.1 M amino acid solution, 
blotting off excess solution on clean filter paper, and 
applying only enough liquid to make a neat round 
impression without spreading appreciably on the filter 
strip. Applicator sticks may be purchased very cheaply 
from drug supply houses. Their use eliminates danger 
of solutions being contaminated. 

When the spots have dried the strip is lowered into a 
tilted test tube with tweezers, with the crease upward 
and the filter strip touching glass only at the bottom 
end (immersed in phenol solution) and at the two out- 
side top corners. The test tube is stoppered and 
allowed to stand until the phenol solution has risen 
within about 1 cm. of the top of the filter strip (usually 
less than two hours). The strip is then removed with 
tweezers, the top of the phenol column is marked with 
pencil, and the phenol solution is allowed to evaporate 
from the paper. Hanging in a forced draft hood speeds 
drying and removes phenol fumes. Complete drying 
is not necessary. 

When more or less dry the strip is sprayed lightly 
with n-butanol saturated with water, containing 0.2 
per cent ninhydrin (triketohydrindene hydrate). A 
small drugstore atomizer is suitable for this purpose. 
Color is developed by holding the sprayed strip before 
a 250-watt heat ray lamp. An oven may be used, but 
the heat ray lamp offers the advantage of visual in- 
spection by the student. There is a tendency for stu- 
dents to produce discoloration by heating too long when 
an oven is used. Each amino acid spot should be 
outlined with pencil, since the spots fade after several 
days, especially if exposed to light. The distance 
each amino acid has traveled up the paper, divided 
by the total distance the phenol solution has risen, is a 
constant ratio specific for the amino acid, known as the 
Rf value. 

Since certain amino acids have Rf values too close 
together for clearcut separation by the test tube method 
described, it is well to avoid these when choosing the 
amino acids for class separations. It is suggested that 
each student chromatograph separately in duplicate 
(both spots on the same V-strip), 0.1 M solutions of 
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valine, glycine, aspartic acid, leucine, threonine, glu- 
tamic acid, proline, alanine, and serine. The Rf and 
color should be recorded in each case. To demonstrate 
the separation of mixed amino acids, the student should 
then chromatograph each of three solutions containing: 
(1) valine, glycine, and aspartic acid, (2) leucine, 
threonine, and glutamic acid, and (3) proline, alanine, 
and serine. These combinations will separate dis- 
tinctly. Instead of preparing the three solutions the 
amino acids may be mixed on the paper strips if de- 
sired. This is done by superimposing spots from the 
0.1 M solutions of the individual amino acids, allowing 
each spot to dry separately. 

Following this experience the student may be given 
“ynknowns’’ to identify, chosen with the limitations of 
this simplified method in mind. Many biological 


61 


fluids will be found to contain one or more free amino 
acids by this technique. Canned soups chromatograph 
nicely to show a strong glutamic acid spot due to the 
monosodium glutamate which has been added to 
enhance flavor. Commercial soy sauce produces a 
number of amino acid spots. Green tea (a typical plant 
extract) produces spots for aspartic and glutamic acids. 
These are absent from black tea in our experience. 
Amino acid separation by ion exchange resins is easily 
followed by successive samplings. The early stages of 
protein hydrolysis may be similarly followed. These 
are but a few examples. Numerous possibilities for 
further experiments will suggest themselves. 

The author acknowledges the assistance of Elsie M. 
Foreman and Duane K. Johnson in testing the above 
procedure. 


PHOTOELECTRIC ““COLORIMETRY’’ WITH 
INEXPENSIVE EQUIPMENT 


Some years ago, we had occasion to assemble a sim- 
ple, rugged, inexpensive apparatus for photoelectric 
“colorimetry’’—more precisely, a photoeleetric photom- 
eter to measure the absorption of radiant energy in the 
visible region for the purpose of estimating the iron, the 
copper, and the chloride contents of water. Even had 
this purpose not been achieved, publication of the in- 
vestigation would have been in the interest of chemical 
education owing to the ever-increasing importance of 
such instrumentation in scientific work. Because the 
inexpensive light meter employed, which contains a 
selenium photocell, is used also in many exposure me- 
ters, it is often possible to do experiments like the 
following when costly equipment is not available. 

The apparatus shown in the figure is largely self-ex- 
planatory. In general, water was placed in the gradu- 
ated cylinder, and the current through the lamp ad- 
justed until a light-meter reading of 100 was obtained. 
The indicator (or reagent) solution was then added, 
the solution (or suspension) stirred, and meter readings 
were taken. In no case was it difficult to select the 
final reading. 

In an ideal apparatus, the cross-section of the vessel 
containing the solution would correspond with that of 
the light-sensitive area, which means that over half the 
water is being wasted in the setup of the figure. If it is 
desirable to keep the volume of sample at a minimum, 
then this defect should be corrected. 


HERMAN A. LIEBHAFSKY and EARL H. 
WINSLOW 

General Electric Research Laboratory, Schenectady, 
New York 


Suitable light filters will greatly increase the sensi- 
tivity of the methods for iron and copper, as our ex- 
periments with copper demonstrate. Any such in- 
crease of sensitivity will probably be less pronounced in 
the chloride test, which depends upon the scattering, 
not the absorption, of light, 

Experimental details and results are given below. 

Chloride in Water. Experimental conditions: 0.175 
amperes through 25-watt Mazda lamp. 5 ml. of 1 per 
cent silver nitrate added for each 200 ml. of water; 
mixture thoroughly stirred. Readings begun immedi- 
ately. Not all readings are given below. (Readings 
change appreciably on standing.) 


Results: 
(a) 
200 ml. H,O; readings after 
5 minutes 
Chloride added (p. p. m.) 0 
Meter reading 100 


(b) 
400 ml. H,0; 
immediately 
Chloride added (p. p. m.) 0 1.3 2.5 5.0 
Meter reading 100 60 36 31 


2.5 5.0 
69 35 


readings taken 


Copper in Water. Experimental conditions: 0.175 
amperes through 25-watt Mazda lamp. 400 ml. of 
water, 25 drops 6 N ammonium hydroxide, 10 ml. of 
aqueous 1 per cent sodium diethyl dithiocarbamate re- 
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Diagram of Apparatus 


agent mixed; readings taken immediately. (Readings 
little affected by standing.) 


Results: 
Copper added (p. p. m.) 0 0.13 0.25 0.50 
Meter reading 73* 659 49 36 


* An amount of copper near 0.23 p. p. m. was probably present 
in the distilled water used in these experiments. A sample of this 
water carefully redistilled gave a meter reading of 99 when the re- 
agents were added to the water in the cylinder. 


Copper in Water (Light Filter Used). Experimental 
conditions: blue cellophane light-filter at F, see figure; 
125 volts across 150-watt Mazda projector flood light; 
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maximum meter reading with 400 ml. water in cylinder 
was 82 (not 100); readings begun immediately. (Read- 
ings change little on standing.) 


Results: 
Copper added (p. p. m.) 0 0.01 0.02 
Meter reading 68* 61 54 


* As above, the difference between this reading and the maxi- 
mum recording (in this case 82) presumably represents copper 
present as an impurity in the water used. The concentration of 
this copper was not estimated; it is obviously near 0.02 p. p. m. 


Iron in Water. Experimental conditions: 0.185 am- 
peres through 25-watt Mazda lamp; 5 ml. of thiogly- 
colic acid reagent (prepared by adding 4 ml. of the acid 
to 8 ml. concentrated ammonium hydroxide mixed with 
50 ml. of water) added for eath 200 ml. of water; mix- 
ture thoroughly stirred. Readings begun immediately. 
(Readings change little on standing.) 


Results: 
(a) 
200 ml. HO 


Iron added (p. p. ™.)} 0 0.13 0.25 0.50 
Meter reading 100 89 76 66 


b) 
400 ml. H,O 


Iron added (p. p. m.) 0 0.13 0.25 0.50 
Meter reading 100 75 63 41 


Of course, data such as these give only empirical 
calibration curves. Beer’s Law cannot be obeyed so 
long as the meter integrates all the radiant energy trans- 
mitted in the visible region. This integration includes 
unabsorbed wave lengths in the reading. Consequently, 
the optical density of the solution is too small by an 
amount that increases with the concentration of the 
constituent being determined, so that the resulting error 
is more pronounced at the higher concentrations. (The 
optical density as here defined is log [100/meter read- 
ing] when the reading with water in the cylinder was 
100.) 

It is our hope that the engineer in the field, the young 
chemist at home, the teacher in high school or college— 
in short, that everyone interested in doing objective 
“colorimetry” with inexpensive equipment—will find 
some use for the apparatus described above. 





NICKEL, used as an alloying element, has been found to combine in some 6000 different ways 
with other metals to impart new properties, which, when properly applied, have solved many in- 


dustrial problems. 


It is standard material for the cladding of steel, and heavy items of equipment made of nickel- 
clad steel serve many purposes throughout industry where it is desirable to provide nickel’s resist- 
ance to corrosion and other properties with the economy of steel. For jewelry items, eyeglass 
frames, tableware, and the like, it is used as a base for platinum, gold, and silver-clad products. 





STORAGE BATTERIES 


Ix pHystcan chemistry, the relationship of chemical 
energy to electrical energy is the basis of any study of 
electromotive force. Many galvanic and electrolytic 
cells are discussed in textbooks and in classrooms in 
order to illustrate this relationship. As a commercial 
source of electrical energy, most of these cells are of no 
value, but are of academic interest only. Only three 
cells, the lead storage cell, the Edison cell, and the 
nickel-cadmium cell, are of practical use as storage 
batteries. These cells, however, do not readily fit 
into the theoretical consideration given cells in class- 
rooms and textbooks. As a consequence, a short sec- 
tion of the chapter dealing with electromotive force is 
usually devoted to storage cells. A page or two 
devoted to the lead storage cell give the chemical equa- 
tions, the physical appearance of the active materials, 
and the mechanical structure of the cell. Included 
perhaps are a few sentences which relate the gassing, 
sulfating, charging, and discharging of the cell. In 
addition, a short paragraph dealing with the chemical 
equations of the Edison cell is often included. The 
nickel-cadmium, if mentioned at all, is referred to as a 
cell similar to the Edison but employing cadmium 
instead of iron. 

In every physical laboratory lead and Edison cells 
are in constant use. Yet the student, whose knowledge 
of these cells is limited to his professor’s and his text’s 
brief discussion, knows very little about them. Most 
students have never even heard of the nickel-cadmium 
cell because emphasis is placed on the lead storage cell. 
No comparison of batteries is undertaken. Nothing 
is mentioned concerning the capacity of each battery, 
or its ability to retain its charge, or the purposes for 
which a certain battery can be used. A theoretical 
knowledge of electrochemistry is essential; however, 
a certain amount of additional information about the 
ihree commercial batteries would prove of great value 
.oth from a practical and educational: viewpoint. 

Most students assume that a battery is completed 
and ready for the market when the plates containing 
the active materials are placed in the electrolyte. 
Such is not the case. True, the battery will deliver 
current, but such a discharge will ruin the plates. 
The battery undergoes chemical reactions which are 
not reversible; it acts as a dry or primary battery. 
The electrical energy obtained during such a discharge 
is called the primary capacity of the plates. Each 


battery, before being shipped, must therefore go through 


a period of formation which consists of charging and 
discharging to certain end voltages and at certain 


JAMES E. CASSIDY 
University of New Hampshire, Durham, New Hamp- 


current rates. During formation, reactions other than 
those above take place. As a result, the battery de- 
velops a secondary capacity which is, so to say, super- 
imposed on theéprimary capacity. This secondary 
capacity is an artificial structure erected on a natural 
base. When a battery is discharged, only the secondary 
capacity should be utilized. A newly formed battery 
which is left standing reverts fairly rapidly to its un- 
formed state. Lead batteries kept in storage are there- 
fore usually on trickle charge, and alkaline batteries are 
reformed before shipping or if they have been standing 
for some time. 

Electrical power is expressed in watts, and electrical 
energy delivered over a period of time is expressed in 
watt-hours or kilowatt-hours. Logically, a battery’s 
capacity should be expressed in watt-hours to a certain 
end voltage; however, the capacity of a battery is 
usually expressed in ampere-hours. Take for example 
a lead battery with a rated capacity of 100 ampere- 
hours at the eight-hour rate. This battery when dis- 
charged to an end voltage of 1.85 volts will supply 
12.5 amperes for eight hours (12.5 K 8 = 100). 

Any combination of hours and amperes which when 
multiplied gives 100 cannot, however, be used with 
the above battery. When the battery is discharged 
at a rate of 18.5 amperes to an end voltage of 1.75 volts, 
the current will last four hours and the capacity re- 
ceived will be 75 ampere-hours (18.5 XK 4 = 75). The 
current used during this period, 18.5 amperes, is not 
twice the 12.5 amperes current used during the eight- 
hour period. The end voltages are not the same for 
both discharge rates. If the end voltage had been 
raised to that of the eight-hour period discharge, 
the ampere-hour output would have been reduced, 
because the discharge current would ‘have had to have 
been reduced in order to allow the discharge to run four 
hours. Most students believe that one lead battery 
is just the same as another. But the a»ove example 
shows that when a battery rated at the eight-hour rate 
is used at the four-hour rate, the battery does not yield 
its eight-hour rate capacity (100 — 75 = 25). When 
a four-hour rate is required, an eight-hour rated bat- 
tery should not be used. Each model has its own char- 
acteristics, and each is used for specific purposes. 

The lead battery maker, in order to cover the market, 
has found it necessary to develop many different types 
and to provide these in many different sizes and shapes. 
Compared with lead batteries, the tooling-up costs of 
alkaline batteries are extremely heavy. Any change in 
plate pitch, that is, in plate thickness and/or plate 
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cadmium. The Edison 
(nickel-iron) battery is built 
to enable the user to draw 
a certain number of ampere- 
hours from a certain vol- 
ume and weight. The 
nickel-cadmium battery is 
built to enable the user to 
draw a certain number of 
amperes from a certain vol- 
ume and weight, 7.¢., the 
Edison battery was de- 
veloped to provide as large 
an ampere-hour capacity as 
possible for the smallest 
volume and weight. That 
the nickel-cadmium battery 
candrawa wide range of cur- 
rent without excessive vol- 
tage drop is the true prime 


DISCHARGE 
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DISCHARGE CURRENT, AMPERES 
A5C 50C 55¢ 60C 








Figure 1 


separation as well as changes in plate width, involves 
a very large capital outlay. As a consequence, alkaline 
battery makers are forced to design, build, and concen- 
trate on one or at most two types of cells. Without 


special tooling these cells must be mechanically and 
electrically suitable for as many purposes as possible 
so as not to limit the market. 

As a result, two basic types of each alkaline battery 


are available—the Edison ('/,-in. tubes) and (/,¢-in. 
tubes) and the nickel-cadmium types S and L. Figure 
1 is a graphical representation of the discharge volt- 
age characteristics of the nickel-cadmium type S. 
In reading the abscissas and ordinates multiply by 100 
when dealing with a 100 ampere-hour type S battery 
at the five-hour rate. The graph indicates that this 
battery will supply a current of 20 amperes for five 
hours to an end voltage of 1.12 volts. If the discharge 
period is only an hour the current will be 55 amperes 
and the available capacity will be 55 ampere-hours 
According to this graph the current may be varied 
from 10 to 21 amperes without decreasing the capacity 
of the battery from 100 ampere-hours. In each in- 
stance the end voltage will be different, being 1.20 volts 
at a discharge rate of 10 amperes for 10 hours and 1.10 
volts at a discharge rate of 21 amperes for 4°/, hours. 
The permissible end voltage depends on the discharge 
rate, the heavier the discharge rate the lower the per- 
missible end voltage. Since the end voltage is that 
voltage below which the primary capacity would be 
discharged, heavy discharge rates are always reason- 
ably safe, while when light discharge rates are em- 
ployed, care has to be exercised in order not to discharge 
below the permissible end voltage. 


A large amount of work has been dene on perfecting . 


a satisfactory universal alkaline battery, but without 
success. The alkaline battery industry consequently 
manufactures two types, the nickel-iron and the nickel- 


~ manner. 


factor, while the ampere- 
hour capacity is of second- 
ary importance. 

The Edison cell is classified as a “‘traction’’ battery. 
Under this type of service the battery is cycled, that is, 
it is fully charged and discharged in a very regular 
A miner’s lamp battery, for example, re- 
ceived the same cycle of treatment day after day. The 
most essential requirement of such a battery is the 
ability to maintain capacity, not for a certain length 
of time, but for a certain number of charge and discharge 
cycles. The reason that the battery is small in volume 
and weight and is offered for regular cycle service is 
that the battery was originally developed for electrical 
propulsion, such as an electrical automobile. 

The reversible chemical reaction taking place within 
the Edison battery is: 


Fe + Ni,O; + 3H,O = 2Ni(OH)2 + Fe(OH). 


The electrolyte of the battery is KOH, with the 
addition of a small amount of LiOH which prevents the 
positive material from falling away in capacity. The 
positive plates are tubes which are made from helically 
wound perforated and nickel-plated steel strips and 
reinforced with seamless rings forced over the tubes. 
The hydrated nickel hydroxide is introduced into the 
tubes under pressure and in the form of layers with al- 
ternate layers of nickel flakes. This type of plate 
prevents swelling. The negative plate consists of 
finely divided iron enclosed in perforated pockets made 
of strip steel. Mercurous oxide is added to the iron to 
maintain the capacity. During charge and discharge 
the battery “gases,”’ hence the electrolyte level must 
be checked very frequently. Though the discharge 
voltage curve is sloping, the average voltage of the cell 
can be regarded as 1.25 volts. When charging, the 
impressed voltage must be at least 1.47 volts. At 
norn:al rates the final charge voltage is 1.85 volts. 
The efficiency of charge is only 60 per cent; but the 
battery deteriorates slowly and takes electrical abuse. 





FEBRUARY, 1950 


The nickel-cadmium battery is not a traction bat- 
tery and is not built to be cycled regularly. The char- 
acteristics of this battery are flexible mechanical design, 
low internal resistance, low rate of self-discharge, and 
low water consumption. The prime factor is the use 
which can be made of the capacity. In general, the 
Edison and the nickel-cadmium batteries are com- 
plementary and not competitive. 

In the nickel-cadmium battery, the positive and 
negative plates are identical in mechanical construction 
and external appearance. The active materials, black 
nickel hydroxide and cadmium oxide, are put in finely 
perforated thin flat steel pockets, seamed together along 
their edges, and then locked into steel plate frames 
which form the individual plate. Since the nickel 
hydroxide is a nonconductor, graphite is added. The 
cadmium oxide contains a little ferric trioxide which 
acts as a disperser. The active materials are insoluble 
in KOH solution and do not react with it when the 
battery is on open circuit. The chemical reaction 


Cd + 2Ni(OH)3-2!/2H20 = CdO + 2Ni(OH)23H20 


is perfectly reversible. Since the KOH merely acts 
as a conductor the specific gravity does not change 
appreciably through a complete cycle of charge and 
discharge. As long as the active materials are covered 
by the electrolyte the capacity of the battery is inde- 
pendent of the quantity of electrolyte present. On dis- 
charge no gases are evolved and on charge no gassing 
takes place until the cell voltage has reached 1.47 
volts, the dissociation voltage of the electrolyte. The 
seven-hour rate of charge is regarded as the normal 
charge rate when charging at constant current. The 
voltage rises progressively from 1.35 to 1.75 volts per 
cell. The battery does not start to gas until approxi- 
mately four hours antl half after having been on normal 
charge. The fact that the nickel-cadmium battery 
gases very little is one of its most valuable features. 

The physical construction and the chemical reactions 


Nickel-Cadmium Battery 
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of the lead battery are known by the majority of 
students. But few know that the manufacturers have 
had to cope with many mechanical and chemical diffi- 
culties to produce a useful lead battery. A few of the_ 
problems are the structurally weak lead, the chemical . 
difficulties of having materials react with each other 
spontaneously, the electrolysis of water during charge 
and discharge, and the high internal resistance. Due 
to electrolysis, the electrolyte level must be frequently 
checked. Only distilled water should be used since tap 
water usually contains barium and calcium salts which 
form precipitates with the sulfuric acid. For maximum 
capacity and minimum interna! resistance, the plates 
are as large in area and as close together as possible. 
The plates are separated by thin porous membranes 
in order to prevent contact between them. If one por- 
tion of a plate is closer to the opposite plate than any 
other portion the plates will erode unevenly at that 
point due to the concentration of current there. When 
the battery is being discharged and charged rapidly, 
gases are evolved with a greater rapidity, and this 
tends to loosen the active materials that are pasted onto 
the grids. The capacity, as a resuM, is permanently 
decreased. Upon standing, the lead gradually forms 
lead sulfate, which reduces the effective area 
and increases the internal resistance of the cell by 
coating the plates with its large insoluble crystals. 
Since acids attack metals the containers for lead cells 
are usually made of glass or hard rubber, both of which 
crack when jarred violently or when the solution 
(Table 1) is frozen. 

In spite of these many difficulties, the manufacturers 
of lead batteries have achieved a remarkable product. 

The average discharge voltage at normal rates is two 
volts for the lead cell and 1.2 volts for the nickel-cad- 
mium cell. Thus, for a six-volt battery three lead cells 
are needed for five nickel-cadmium cells. To perform 
a particular service, such as a six-volt battery used for 
engine starting and auxiliary lighting, the weight, vol- 











Nickel-cadmium 
Full */, 1/s 


and 


wk 





State of charge 


Specific gravity 
corrected to 
. 1.230 1.230 1.227 


—-15 -—15 
—20 -—20 
—24 -—24 
—85 —85 


1.238 1.191 1.136 


—12 11 
—15 9 
—19 5 
—95 —80 


1.280 


—101 
— 88 
— 82 


Precipitate: 
First seen, °F. 
Light slush 
Heavy slush 
Firm slush 


—15 
—20 
—24 
—85 


—48 
—50 
—54 
—99 





ume, and type of cell to be used must be specified. 
Each type of cell, be it lead or nickel-cadmium, has 
its own set of characteristics which enables it to perform 
a particular service. However, as has been previously 
indicated, a certain nickel-cadmium cell performs a 
greater number of services than a certain lead cell. 
The cost of a six-volt battery, such as mentioned 
above, would range from thirty to fifty dollars for a 
lead battery; for a nickel-cadmium it would be about 
a hundred and fifty dollars. Under the same operating 
conditions, the nickel-cadmium will last five times as 
long as the lead battery. The former, though, is 
slightly larger and heavier than the latter. 

The nickel-cadmium battery is more adaptable to 
floating voltage installation than the lead battery. 
The floating voltage per cell of the lead battery is 
generally set at 2.15 volts per cell. Any increase above 


Nickel-Cadmium Cell 
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this voltage will considerably increase the gassing. 
As a result, the life of the cell will be shorter. In 
contrast, the nickel-cadmium cell will not gas between 
the voltage of 1.33 and 1.47 volts. Hence any loss of 
water will be due to evaporation only. Due to gassing 
effects, the number of lead cells which can be floated 
across a given voltage is rather restricted. With nickel- 
cadmium cells, some flexibility is permissible. For 





TABLE 2 

General Characteristics 
Nickel- 

cadmium 





Edison 
Light 
Small 
High 
Sloping 
High, slow 


rise 
through- 
out 


Lead 


Fairly light 
Depends on 
cell 
High 
Fairly flat 
Low, sud- 
den rise 
at end 





Weight 
Volume 


Heavy 
Large 


Low 

Flat 

Low, sud- 
den rise 
at end 


Internal resistance 
Discharge voltage curve 
Charge voltage curve 


Voltage regulator con- 

trol Difficult 
Can be trickle charged No 
Rate of self-discharge High 
Mechanically strong Yes 
Damaged by high tem- 

perature No 
Damaged by low tem- 

perature 5, No 
Damaged by freezing 

temperature No 
Water consumption 


Lead battery charging 
equipment can be 
used 

Cell gases at end of 


charge 
Cell gases throughout 


No 
No 


charge 

Capacity reduced by 
overcharging 

Capacity reduced by 
occasional overdis- 
charging 

Capacity ‘reduced by 
frequent overdis- 
charging 

Capacity easily restored 
by overcharging 

Number of plates per 
cell Large 


No 


Yes 
No 





example, 60 lead cells can be floated across 129 volts 
at 2.15 volts per cell. For the same voltage, the 
following number of nickel-cadmium cells can be 
floated : 
Number of cells Floating voltage per cell 

96 1.3438 

95 

94 

93 
Another advantage of the nickel-cadmium battery in 
floating applications is that large charge and discharge 
currents are handled with small voltage fluctuations. 

The internal resistance of a cell depends upon such 

factors as state of charge, temperature, specific gravity, 
and shape of the cell. As the charge or discharge 





FEBRUARY, 1950 


proceeds, the internal resistance of a cell increases due 
to polarization. Since the specific gravity of sulfuric 
acid decreases as the cell discharges, the internal resist- 
ance will increase. The electrolyte of the nickel- 
cadmium cell merely acts as a conductor; therefore the 
specific gravity remains practically the same at all 
times. At normal temperature a KOH solution has 
its maximum conductivity at a specific gravity of 
approximately 1.200. A cell of given ampere-hour 
capacity and of a relatively large number of small 
plates has considerably less internal resistance than a 
cell of only a few large plates. The 6-volt nickel- 
cadmium battery has the lower internal resistance. 

The writer realizes that all of the material presented 
in this article cannot be given in the average course in 
physical chemistry. Time does not allow it. But, a 
brief discussion of the preceding table is of value. 
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The batteries compared in Table 2 are of the same 
ampere-hour capacity. The table, which is based on 
the material presented within this article, clearly indi- 
cates the cell characteristics of each type of battery. 
Of course, a few minutes would have to be taken to 
explain what is meant by capacity, and what are charge 
and discharge curves. To be emphasized is the fact 
that in order to meet all needs many different types of 
lead batteries have to be manufactured, while due to 
manufacturing costs alkaline battery types have to be 
limited. From such a discussion a student would not 
only receive a degree of practical knowledge but, more 
important, would gain a better understanding of elec- 
tromotive force and associated phenomena. 

The author is indebted for help in carrying out this 
work to Mr. C. Berg of the Nickel Cadmium Battery 
Corporation, Easthampton, Massachusetts. 


AN IMPROVED APPARATUS FOR OBTAINING BOILING POINTS OF 


LIQUID MIXTURES 


Tue apparatus described by Mack and France’ for 
the study of minimum boiling mixtures has been used 
in our physical chemistry laboratory. Although this 
apparatus has the commendable feature of simplicity 
it is sometimes difficult to obtain a steady thermometer 
reading. To overcome this difficulty a modified 
apparatus was designed wherein a constant temperature 
reading is assured by essentially the same means as in 
the Cottrell type of boiling point elevation apparatus 
described by Mack and France.? 

The modified apparatus is shown in the figure. The 
flask, C, is a 38-mm. X 200-mm. test tube to which has 
been attached, as a side arm, a short length of 25-mm. 
test tube. The flask is the proper size to accommodate 
the vapor lift pump, D, heretofore used in our boiling 
point elevation apparatus. A few boiling beads, E, are 
placed in the bottom of the flask to prevent bumping. 

As the solution is carefully heated to boiling, bubbles 
of vapor rise into the pump and carry with them small 
volumes of the boiling solution. The continued squirt- 
ing of boiling liquid onto the bulb of the thermometer, B, 
ensures a constant thermometer reading. As soon as the 
constant boiling point is reached the flame is removed, 
and the condenser, A, is turned through an angle of 180° 





1 Mack, Epwarp, Jr., AND Westey G. Francs, “A Labora- 
tory Manual of Elementary Physical Chemistry,” 2nd éd., D. 
Van Nostrand Co., Inc., New York, 1934, p. 127. 

2 Mack, Epwarp, Jz., AND WESLEY G. France, ibid., p. 143. 
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so that the littie cup at the end of the condenser tube will 
be filled with reflux liquid. Then the thermometer is 
removed and a sample for refractometric analysis is 
withdrawn from the cup by a pipet. Immediately, a 
similar sample is taken from the liquid in the flask. 














BERZELIUS AND GOETHE 





**Goethe-year.”’ 





The original source of this article is somewhat uncertain, but it seems 
to be a Swedish volume: “Jakob Berzelius Reseantekningar,”’ edited 
by Henrik G. Soderbaum and published in Stockholm in 1903. It 
was translated from the Swedish into German by Hans von Euler 
and from German into English by Miss Dorrie Baudisch, whence it 
reached us through the courtesy of Dr. Oskar Baudisch. It is of 
particular interest now, because of the recent celebration of the 








Benzeuivs, in the company of Pohl and Sternberg, 
traveled to Eger in order to meet Goethe who was 
staying there, having completed his cure (at the mineral 
springs). 

One gets the impression from Berzelius’ description 
of his first meeting with the great poet that the latter 
gave him a rather cool reception at first. “He received 
me,” it says ‘with looks and gestures that seemed to 
indicate that he was not particularly pleased aboui 
making this new acquaintance, and he did not utter a 
word to me; for my part, I was greatly satisfied to have 
had the opportunity of seeing this man, distinguished 
by varied merits.” 

However, Goethe invited the visitors to lunch, when, 
as Berzelius puts it, “he gave them a very considerable 
meal.’”’ At lunch it was decided to make an excursion 
together in the afternoon to Kammerbiihl, an ex- 
tinguished volcano situated right in the middle of the 
plain, and so small that the top can be reached within a 
few minutes. Here, spurred by his geological interest, 
Goethe abandoned his reserve and entered into quite a 
long discussion with Berzelius. ‘He had,” writes the 
latter, “published a little pamphlet about it (7. e., 
‘Kammerbiihl’) the year before, in which he had tried 
to prove that it had been formed by underwater erup- 
tion and consisted of volcanic ash and rapilli, without 
crater or lava-stream. We first came upon a mass of 
these rapilli of which great masses had been excavated 
in the course of road building, and where the strata had 
been cut through they showed horizontal layers of 
vari-colored gravel. Here Goethe asked me whether 
these did not show plainly that eruption has taken 
place under water. I pretended not to know that 
Goethe’s opinion was prejudiced in this matter, and I 
replied that it did indeed appear to be the case, but 
that a conclusion could hardly be arrived at before we 
had seen the volcano itself, since the same stratification 
would have formed, had the gravel fallen down from 
out of the air. The volcano had a hollow at the sum- 
mit, which Goethe had regarded as artificial, made for 


picnickers to boil their water for tea. However, this 
hollow was oblong and much higher on one side than 
on the other. With the experience I had gained at 
Auvergne and Vivarais, studying the numerous vol- 
canos there, I now tried to convince Goethe that the 
hollow was a real crater and that the eruption had 
taken piace during a violent storm, with the result that 
the discharge of the crater had gathered on the leeside 
which, therefore, had become higher and considerably 
longer. From this it could be assumed that the crater 
at the top of the little mountain came to be situated 
rather near the side where the wind comes, and that 
the stream of lava must therefore be looked for on the 
opposite side. The 70-year-old scientist listened to 
me attentively, and when I had finished he said there 
was no lavathere. I replied that that was indeed what 
it looked like, but having determined the spot where it 
ought to be found, we would have to look for it there. 
He called his servant, who used to follow the old 
gentleman on his geological walks carrying a large 
hammer and an axe. He removed some moss and bits 
of grass and came upon hard rock, of which I asked 
him to knock a piece off, and we found an olivine in 
the surface of the fracture. This was clearly lava. 
Goethe was delighted with this find, and particularly 
at my having arrived at it a priori. He now stated 
that he had changed his conviction and made plans 
with Sternberg for a deep cut through the volcano on 
which they wanted to begin work the following summer.” 

Now Goethe was as keen on Berzelius’ company as 
he had been indifferent to it before, and he persuaded 
him to stay at Eger for another day instead of im- 
mediately returning to Karlsbad as originally intended, 
and Berzelius took the opportunity of making another 
excursion. While Goethe and Sternberg returned to 
Eger in the evening, he traveled to the nearby Francis- 
brunnen, accompanied by Pohl, staying the night there, 
and had a look at the installations of that spring the 
following morning. He was particularly surprised at 
the amount of carbonic acid gas in the water coming 
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from these springs. Sternberg also having joined the 
party, further quarries were visited at Haslau, this 
being famous as the place where a special variety of 
Idokras (Vesuvian), named Egeran by Werner, was 
to be found. Berzelius was able to collect several 
nice specimens which he took back to Goethe who 
accepted them “with delight.” 

On their return to Eger the party was again invited 
to lunch with Goethe, and Berzelius amused his host 
by performing experiments with his blowpipe. He 
has described his personal impressions of Goethe as 
follows. 

“Goethe is a man of 72, of medium height, thick-set 
and strong. His hair, which he wears in the style of 
a respectable clerk, has no grey in it yet, and the whole 
of his appearance was that of a well-dressed, venerable, 
old-fashioned inspector. He is rather quiet than 
talkative, expresses himself modestly though not 
timidly, and he is much more a true philosopher in 
character than in writing. In his old age he has be- 
come such a keen geologist that, in the three or four 
days he had spent at Eger, he had already collected 
several hundred specimens of vein stuff (matrix, 


gangue).”” 


“He showed me,” it says in another place, ‘‘the col- 
lections he had made here during his walks and which 
were laid out on a number of tables in a special room. 
They were rather large, but only a few were worth 
taking home. When, on one occasion, my opinion . 
differed from Goethe’s regarding the name of a mineral 
he showed me, I proposed to decide the question with 
my blowpipe: He said he had little knowledge of the 
use of this instrument, but that he would like to see 
an experiment with it. I was staying at the same inn, 
so I fetched up my instrument which I always took 
with me on my travels. Goethe was so delighted with 
the sure results it produced that I had to examine a 
number of the specimens he had collected. He had a 
special liking for minerals containing titanium, and 
he had the biggest collection imaginable of such 
minerals from innumerable places where they are to 
be found. When I showed him how easy it was to 
determine titanium by means of the blowpipe, owing 
to its good reaction, he heartily regretted that he was 
too old to start studying the use of it. It got dark 
before he tired of my blowpipe experiments and even 
the following morning I had to examine some more 
minerals before taking my leave.” 


CHEMICAL EDUCATION IN LIBERAL-ARTS 
COLLEGES 1934-48 


A srupy of chemical research in liberal-arts colleges! 
has revealed that these institutions contributed less 
than two per cent of the research published in the 
Journal of the American Chemical Suciety for the fifteen- 
year period, 1927-41. Since liberal-arts colleges make 
few claims to leadership in research in any of the exact 
sciences, but rather pride themselves on the high quality 
of their teaching of undergraduates, it was thought that 
a survey of THis JouRNAL, the official organ of the 
Division of Chemical Education of the American Chemi- 
cal Society, would disclose a different picture. Such a 
study would also throw some light on the more general 
problem of the effect of a research program of an experi- 
mental nature on vital teaching at the college level. 

Liberal-arts colleges from which one or more articles 
have been contributed to Tas JourNat during the 
fifteen-year period, 1934-48, are listed in Table 1. The 
most surprising fact about the table is the large number 
of colleges represented. Only 62 liberal-arts colleges 
published anything in the Journal of the Amterican 
( 1 Samper, J. R., Journal of Higher Education, 20, No. 4, 208 
1949), 
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Chemical Society between 1927 and 1941. In contrast, 
109 such institutions made at least one contribution to 
Tuis JouRNAL during the period, 1934-48. This fact 
becomes more striking when it is noted that the latter 
journal averaged only 14 contributions an issue during 
this period, while the research journal totaled more than 
tenfold this figure in each of its monthly issues. 

While the number of liberal-arts colleges contributing 
to chemical education is impressive, the total number of 
articles appearing from liberal-arts colleges is at the 
disappointingly low figure of 250.5 (the fraction is due 
to a joint publication from another type of institution). 
This represents only 9.7 per cent of the contributions re- 
ceived from universities, technical schools, industries, 
etc. Furthermore, 54 liberal-arts colleges had but a 
single article during the period while only six colleges 
published more than half a dozen times. These six 
leading contributors were Antioch College, Dakota 
Wesleyan University, Furman University, Grove City 
College, Hollins College, and the College of Wooster. 
These six institutions account for 20.7 per cent of all the 
articles from the 109 colleges. 
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Some interesting observations can be drawn from a 
comparison of the lists of liberal-arts colleges contribut- 
ing to both the Journal of the American Chemical So- 

ciety and the JouRNAL oF CHEMICAL EpvucATION. 





TABLE I 


Articles om in the Journal of Chemical Education 
934~48 by Liberal-Arts Colleges 


Institution No. 





Institution No. 





Mary Hardin Baylor 
Marymount 
McPherson 
Middlebury 

Mills 

Monmouth 
Moravian College (Penn.) 
Morningside 

Morris Harvey 
Mount Mercy 
Mundelein 
Muskingum 

Nazareth i (Ky. ) 
North Central 
Occidental 

Ohio Wesleyan 
College of the Pacific 
Park 

Prairie View 
Principia 


Queens (N. Y.) 
Reed 


Richmond 

Roanoke 

Roilins 

St. John’s 

Saint Joseph 

St. Josep 
Women 

St. Mary’s (Minn.) 

St. Olaf 

College of St. Thomas 

Sioux F. 

Skidmore 

Swarthmore 

Sweet Briar 

Talladega 

Tarkio 

Texas College for Women 

Texas Wesleyan 

Translyvania 

Trinity ae 

Trinity (Texas) 

—— 

Wabash Iowa 
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Atlantic Union 

Bard 

Bethany 
Birmingham-Southern 
Bowdoin 

Carleton 
Carson-Newman 
Centenary 
Chattanooga 
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Connecticut 
Cornell Coilege 
Dakota Wesleyan 
Davidson 
Defiance 
Depauw 


Dickinson 
Earlham 

Eureka 
Evansville 
Franklin 
Franklin-Marshall 
Furman 

Georgia State Woman’s 
Greenville (Iil.) 
Grinnell 

Grove City 
Guilford 


College for 
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Holy Cross (Mass. ) 
Howard 
Illinois 
John Carroll 
Kenyon 
ox 

Lawrence 
Loyola (Md.) 
Manhattan 
Mary Baldwin 
Marygrove 

* Denotes joint article. 


Wolsyan (Conn.) 
Western Union 
Westminster (Penn. ) 
Westminster (Utah) 
William Penn 
Williams 


— 
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Wooster 
Yankton 





More than half of the colleges publishing in the research 
journal made contributions to the latter journal; in 
fact the 32 colleges on both lists contributed 103.5 
articles to the JouRNAL or CHEMICAL EDUCATION, or 
41.3 per cent of the total output. This percentage 
would run higher had not several of the liberal-arts col- 
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leges listed in the former study acquired professional 
schools, and hence were not included in Table 1 of the 
present discussion. The 1939 edition of the College 
Blue Book? was used to determine the liberal-arts 
status of institutions contributing to the Journal of the 
American Chemical Society, while the 1947 edition of 
the same reference was used for the JouRNAL or 
CHEMICAL EDUCATION. 

If one assumes that publication in the latter journal is 
evidence of interest in teaching problems, one might 
conclude from the above data that an experimental re- 
search program in a liberal-arts college stimulates in- 
terest in teaching. The situation is complicated, how- 
ever, by the further observation that not a single insti- 
tution is found among the leaders of both groups, and 
oniy Antioch College and Furman University are 
among the leaders in the education group that rank even 
in the first half of the research group. 

The geographical distribution of the liberal-arts col- 
leges contributing to the two types of journals is sur- 
prisingly different. Institutions in Massachusetts 
alone accounted for one-third of the publications in the 
research journal, whereas those in all of the New England 
states totaled only 9.5 per cent of the articles published 
in the JouRNAL oF CHEmicaL Epucation. The South 
came in for 12 per cent of the publications in the re- 
search journal and 22.3 per cent of the educational 
journal. The Pacific Coast group of liberal-arts col- 
leges totaled 3 per cent in both journals, the only sec- 
tion of the country to show such a parallel. Colleges of 
the North Central states led the chemical education 
groups in the total number of participating institutions 
(44 per cent) and in the volume of output (48.2 per 
cent). 

One further fact, not apparent in Table 1, was found 


- in this survey. A comparison of the prewar activity of 


liberal-arts colleges with that during the war and the 
congested postwar years discloses that 57.2 per cent of 
the articles were published in the prewar years of 1934- 
41; 25.1 per cent in the four war years of 1942-45; and 
17.5 per cent in the three postwar years of 1946-48. 
The war therefore did not bring about the sharp slump 
in publication from liberal-arts colleges in the field of 
chemical education that it did in the experimental re- 
search in these institutions.*? On the other hand, there 
has not been the pickup in this field in the postwar 
period that has characterized scientific work in general 
in the country. 

This later fact should come as a direct challenge to 
teachers in liberal-arts colleges to surpass their prewar 
activity now that the pressure of enrollment of veterans 
is easing up in many of these institutions. Publication 
in the JouRNAL OF CHEMICAL EpvucaTION is stimulating 
to the author and it encourages other colleagues to be 
more critical of their own teaching standards and pro- 
fessional background. 





* Hurt, Huser W., ano Harriet Hurt, “New York: College 
Blue Book,” 1939, Vol. IV. 
3 Unpublished results. 





COMMERCIAL DEVELOPMENT IN THE 
CHEMICAL INDUSTRY 


You have all heard of the famous mousetrap, which, 
being a better one, had the world making a path to the 
door of its inventor. As a matter of fact, unless that 
path is made well and widely known, it will be more full 
of weeds than can ever be eradicated by any amount of 
2,4-D. This may not be just, may not be the way the 
world should be built, but it is a solemn fact. Whether 
it be a product or a personality, an ability or a service, 
if results are to be achieved the world must be told 
about it. 

If for the moment we disregard organization and 
think of function, commercial chemical development 
starts with a given product, conducts application re- 
search, makes market investigations, gets out advertis- 
ing, runs practical plant trials, and makes initial sales. 
We must not for a moment think that this must be all 
done by one group. Weare describing a process. The 
end point of this process is a well-developed product 
with well-defined markets, to be turned over to sales 
for exploitation to the nth possible customer. 

We rebel against the idea of a mature economy, a 
lazy Indian summer before the final leveling off. Power- 
ful forces in this country have tried to tell us that we 
have a mature economy and have marshalled thousands 
of pages of the correct kind of testimony to prove their 
point. There is more to man than statistics, and a 
strong will can upset many artfully drawn conclusions. 
We believe that if the outside frontiers are gone, the 
inside ones have endless horizons. To prove our point 
of view we must have a constant flow of new materials 
and applications, as regular as that of an assembly line. 
We cannot wait until emergency strikes. The process 
of development is intrinsically too long. There must 
be a constant feed-in at the beginning to have a con- 
stant flow off the end of the line. 


THE PRODUCT 


The steps in the process of commercial chemical de- 
velopment are somewhat conditioned on the sources of 
origin of the product. It may be one already on the 
market, which can be produced and sold at a profit. 
This is the cause of that competition which liberals 
praise when they are out and damn when they are in. 
Or it may be one not on the market, for which a demand 
is definitely visible; that is, its purpose may be to fill 
the well-known want. Again the subject for commer- 
cial chemical development may be a new use for a pres- 
ent product. It is astounding sometimes how old 
materials find widely different uses from their original 
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ones. An instance is the recent development of the 
employment of saccharin, a sweetener, and coumarin, a 
flavor, for electroplating baths. I am sure that the 
connection is chemical and not physical. Finally, the 
product may be a convenient one to make, with no 
known uses, an idea usually conceived by production- 
minded men. We might call this the arrow-in-the-air 
type, and it provides for commercial chemical develop- 
ment the most difficult of jobs. The amount of de- 
velopment necessary increases in the order of the vari- 
ous classes which I have named. We must remember 
that commercial development in a well-organized com- 
pany, has been in on the planning committee discus- 
sions. Therefore it begins to move possibly as soon as 
research does. 

The course of development follows two parallel 
series. On the one hand we have laboratory research, 
pilot plant, commercial plant designs and erection, and 
commercial plant run-in. On the other hand, there 
are market research, market development, and techni- 
cal sales. Obviously some of these steps parallel or 
overlap in both series. 

The most important factor is coordination of these 
two series of steps, not only within the series, but be- 
tween them. How many times have we seen labora- 
tory research rush to pilot-plant scale to convince top 
management that progress is being made, only to 
return ignominiously to the laboratory when failure 
resulted? Again, who has not had in his experience a 
plant which he wished were either bigger or smaller, 
or had never been built at all, because the market re- 
search was not done properly? We would have many 
more ghost plants if we had not beey so fortunate as to 
be in an industry which has grown so rapidly over the 
last twenty years as to be able to eat its own mistakes. 
Too much care, therefore, cannot be exercised in organ- 
izing commercial chemical development to function 
smoothly, with proper timing and meshing with the 
more technological work. By organization I do not 
mean red tape and formality, which are the refuge of 
fearful minds. I mean that each step in the process, 
however telescoped the organization may be, is handled 
by someone who knows his job and who knows it is 
his job, who sees that an essential something is not left 
out and does it in time. 


APPLICATION RESEARCH 


We must first develop in the laboratory the suitability 
of the material for the use which we have in mind. Ina 
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case where the product is already on the market and 


the use is well known, application research is not neces- 
sary. For the type not on the market but for which a 
demand is definitely visible, a certain amount of appli- 
cation research will be desirable to establish the suit- 
ability of the product. It is obvious that in the case 
of a new use, a considerable amount of work must be 
done to determine the way in which the product serves 
best, so that directions may be given to customers will- 
ing to try it out. The greatest amount of application 
research is necessary when we are dealing with a product 
for which we have to develop uses out of whole cloth. 

Laboratory techniques for application studies for 
most industries are now well developed, such as phar- 
maceutical, paint, paper, leather, petroleum, insecti- 
cides. We have, for instance, in our organization, 
greenhouses for testing insecticides, paper beaters and 
papermaking apparatus, small tanning wheels, various 
types of automobile, and Diesel engines for determining 
the applicability of additives in lubricants. These 
application research laboratories are a far cry in appear- 
ance and activity from the conventional chemical 
laboratory with which we are familiar in the univer- 
sities. 

Application research is organized by groups spe- 
cializing in the various industries and they maintain 
close cooperation with the testing facilities of customers. 
It is important that not only suitability for use be 
determined, but also comparison with competitors’ 
products. Only once or twice in a lifetime does some- 
thing come out absolutely and completely original with 
no competition by other means of doing the same thing. 
Life would be much easier if this were not so. 

When the use is known, the direction of application 
research is quite easily indicated. It is with those 
products of which we have little or no idea as to the 
uses they could move into, that we have the greatest 
difficulty. Actually the process becomes somewhat 
Edisonian. We try everything on the shelf; we study 
the properties of the material and circulate these prop- 
erties through all of the application and sales personnel 
of the company to pick up ideas; we discuss them with 
our friends; we search the literature to find out whether 
anyone has ever mentioned them before. Usually 
something results after enough stones have been turned 
over but occasionally the product is regretfully returned 
to the shelf. 

A word about patents may be of interest. The use of 
a material in a new way can be patented, but such 
patents are not as strong as those on the product itself, 
that is, on a composition of matter. A patent on a 
composition of matter prevents anyone else from mak- 
ing the material, and therefore protects use as well. 
’ With a simple use patent one cannot insist that licensees 
‘purchase from the company owning the patent; they 
are free to purchase where they choose. Of course, a 
license fee may be obtained. The greatest value of a 
use patent is to prevent others from keeping you out of 
the market developed by the new use. 
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There is little training in standard college courses in 
the field of application and the colleges are probably 
right in this regard. However, the question might be 
raised whether, since the prime purpose of the college 
is to train in fundamentals, these fundamentals might 
not be taught by learning how to develop uses for 
materials as well as in the prevalent field of making 
them. 


MARKET RESEARCH 


As soon as a possible use is indicated, market re- 
search begins. Here we have to delve into statistics 
because we must determine what the potential market 
is in both price and tonnage. In the United States, 
statistics are developed as nowhere else in the world. 
Valuable data are obtainable from the Bureau of 
Census, the Tariff Commission, the Department of 
Commerce, trade associations, annual reviews in tech- 
nical papers such as Industrial and Engineering Chem- 
istry, Chemical Engineering, and Chemical Industries. 
This whole subject of sources of information has been 
well covered in the last year or two in a series of articles 
in Chemical Industries, by R. M. Lawrence. Every 
market research man keeps a literature file against the 
day of quick necessity. He may get any kind of a 
question, from how many tractors there are in Podunk 
County to the number of ten-gallon hats in Texas. 

In the determination of potential price, if we are 
dealing with that almost mythical brand-new product 
or a brand-new use, we have to make the best guess we 
can as to what people will pay for the service. For the 
others the price is set by the competitive articles now 
performing the service. If the new one does the job 
better an obvious advantage exists. If it is used in less 
quantities a better price per pound can be obtained. 
The figure set is a matter of the best judgment of all 
concerned, with the information in hand. 

At this point where potential market and potential 
price have been at least temporarily set there is an 
important node of contact with the research and devel- 
opment process running simultaneously. Manage- 
ment is like a charioteer watching for curves where the 
horses may get out of line. By this time the pilot 
plant is probably well developed and embyro capital 
and production cost figures begin to be available. Sup- 
posing the answer is favorable, we know we have a 
better mousetrap, but still the grass grows high over the 
path. 


MARKET DEVELOPMENT 


Now we go to the customer, and in order to be able 
to do this we have had to build up customer contacts 
in each field of use over many years. We must know 
their personnel as well as we know our own and some- 


times even better. Working samples must be avail- 
able, as the best of friends want to test for themselves. 
Here is an important function of the pilot plant, orig- 
inally conceived of as a means of testing on a larger 


scale the: production processes developed in the labora- 
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tory. From the pilot plant we obtain the material 
necessary. for market development. Booklets and 
publications on uses are put together to supplement 
word of mouth and personal contact. Almost always 
a convinced customer will broaden the testing program 
with his own force. We usually only have to lead the 
way if we are really in the chips. 

If we are successful, trials in the customer’s plant 
must be made and many times we must station men 
skilled in the field, for considerable periods of time, 
inside the user’s own manufacturing operations. Our 
object is still to prove quality, suitability, and market 
with a few customers. Market development must dis- 
cuss price but does not usually go after tonnage, though 
no one ever threw an order down. 

Again tying together the production development 
with the market development, if the answers are still 
satisfactory, the production plant is built, and the 
product becomes the ward of technical sales. 


TECHNICAL SALES 


The name of this section of commercial chemical 
development is really a hangover from the time when 
most salesmen in the chemical industry thought a 
benzene ring was a fighting arena. It might better be 
called, and sometimes is, sales development. Our 
material must be backed by manufacturing capacity. 
Anything else would be suicidal. There is nothing 
worse then getting your customers all excited and inter- 
ested in a new material which has been proved out in 
their own operations, and then have to tell them that 
it will be six months to a year before any reasonable 
quantities will be available. Now is the time to expand 
the sales efforts to all of the potential units in the indus- 
try, beyond the few who have cooperated in the initial 
development. One might ask why some concerns are 
willing to go ahead to give this cooperation knowing 
that in most cases the results will be carried to their 
competitors. We must remember that they have usu- 
ally had anywhere from a year to two years head start 
over these competitors and in a way are in on the ground 
floor. 

The definite object of technical sales is to obtain 
orders and as many of them as possible. The salesman 
is technically trained and properly briefed to explain 
the product and its possibilities, to run plant trials 
sometimes in each*customer’s plant and to handle 
complaints, which nearly always arise in human en- 
deavors. Operations in parallel plants are rarely ex- 
actly the same and many times the material has to be 
tailored to fit the particular circumstances in a given 
operation. 

Technical sales is probably the hardest kind of selling. 
It is trying to get orders, but in addition is giving the 
customer a good deal of new information and helping 
him to keep up in a kaleidoscopic world, whereas a 
regular salesman only has to keep the car rolling, not to 
start it up. Anyone who has tried to push a stalled 
automobile will know what I mean. 


73 


The end point is the transfer to the regular sales 
department to carry the ball from then on. 


SUB-SUMMARY 


Management relies, therefore, on market research 
for the facts as to potential sales and prices—who buys 
how much and for what purpose, what will be the effect 
of new tonnage on the market, and what share of the 
market will it be possible to capture. I remember that 
over the years chemical prices go down, a fact which has 
caused many headaches and made the industry great. 
Management, with the help of application research, 
relies on market development to build up potential 
uses, to establish their value, to establish the product 
with a sufficient number of customers to assure its 
worth, and to work out normal difficulties. Manage- 
ment relies on technical sales to see that every potential 
customer knows the product, tries it out, and likes it. 
The test is the reorder. 

We have here a highly integrated flow in which each 
step has its function and responsibility and each is 
primarily a job for specialists. The salesman’s job is 
to obtain tonnage. He should be able to answer 
questions but should not be expected to perform large 
amounts of service. In reverse, the market develop- 
ment job is not to obtain tonnage, and the ordinary 
tendency to hold on to products which should have been 
passed on to technical sales should be avoided. Tech- 
nical sales in turn should give over to regular sales at 
the earliest feasible moment. Unfortunately, prod- 
ucts grow up and we hate to see them leave us. 


PERSONNEL 


Commercial chemical development is not a place for 


inexperienced men. It is necessary first to build a 
background of knowledge of the company’s products, 
their properties and interrelationships. Training in 
the methods of application research will occupy a num- 
ber of years, because the intricacies of other people’s 
problems are always more difficult than one’s own. 
Market development and technical sales groups are 
always looked upon as fields to which men are promoted, 
and above all these men must be good salesmen. When 
you ask me what makes a good salesman, I find it 
rather difficult to put my finger on a succinct answer. 
Good salesmanship seems to be largely inherent, but 
there is no reason why because a boy studied chemistry 
or chemical engineering, he cannot be one per se. 
We used to hear years ago that no chemist was a sales- 
man, whereas I know that that point of view has been 
thoroughly disproved. A good salesman must have the 
peculiar quality of being liked quickly by the majority 
of people. He doesn’t have time to build up slowly 
over a number of years, a friendship. Please do not 
gét the idea that the prize, therefore, always goes to the 
extrovert. It does not, and particularly not in the 
field of commercial chemical development. Faith in a 
man’s scientific and personal integrity will weigh much 
more than any ability at smoking room stories. 
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PLACE IN THE ORGANIZATION 


Where to place these functions in the general com- 
pany organization, I find, is a great bone of contention. 
In my own company we have no agreement and handle 
it differently in different divisions. I do not think this 
is foolish because each division has different problems 
and there is no reason to assume that a type of organiza- 
tion which is successful in one place will be automati- 
cally successful everywhere else. In fact, it is likely to 
be the opposite. In my personal opinion, therefore, 
in small organizations where all these functions are 
handled by the same group it is best that they be or- 
ganized under sales, since the group must handle sales 
matters, quote prices, and see that deliveries are made. 
In larger organizations I believe that market research 
itself is best separated from sales and may be respon- 
sible to top management, since it has inherent in its 
services other than its major ones to the sales and 
development departments. 

Another method of handling which is brought out 
many times is to have the whole job done by some out- 
side consultant or concern. In many organizations 
there is somehow a belief that the devil we do not know 
is better than the one we do. Certainly if the company 
is a small one and has only sy -radic problems in this 
field this is the indicated course. An outside consult- 
ant can have a much wider experience than would be 
possible for a single man employed in a small company. 
However, as the company grows this gets to be less and 
less the case. For the larger concern I strongly advo- 


cate the organization of its own internal department, 
because I believe no matter how close the relation one 


never tells quite the whole story to an outsider. This 
does not mean at all that a split arrangement is not 
feasible, and there are many times when outside con- 
sultants have special skills which are very worth while. 
But to my mind the balance is in favor of internal 
organization. Bear in mind that I am talking about 
marketing consultants to whom a degree of financial 
information must be given, not of technical consultants 
with whom we are all familiar. 


ECONOMIC RESEARCH 


Up to now we have been speaking very largely of 
product development and this is, to a considerable ex- 
tent, the main problem in the development phase of 
management’s activities. Problems do arise in the 
simple multiplication of production of present products. 
The tendency among production men comfortably to 
duplicate the past must be watched very carefully. 
In fact, it is probably wise to set up the rule that any 
process which has been running for ten years is open to 
suspicion. However, as has been hinted above, mar- 
ket research is capable of developing into economic 
research and thereby becoming of broader and greater 
importance to management. The economists, par- 
ticularly the theoretical ones, are not in good odor at 
the present time among businessmen: They have been 
in the unfortunate position of having their mistakes 
widely publicized. How many business reputations 
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could successfully withstand similar treatment, I would 
hesitate to say. Chemical plants have blown up and 
bridges have fallen, but nobody therefore condemns 
unequivocally chemical or civil engineering. Econ- 
omists, too, finding out that their science may have 
some use, are adolescently cocky, like physicists. 

In spite of this, there is, in my mind, a very real op- 
portunity for sound economic research as a tool for man- 
agement, not only in commercial chemical develop- 
ment, but in setting policies for many of the other 
operations of the company. There is no dividing line 
between strict market research and strict economic 
research, but rather a constant shading from one into 
the other. We need continuous studies of our raw 
material supplies, projected as far as possible into the 
future, so we may not build our developments on a raw 
material of dwindling future supply possibilities and 
therefore higher price levels. Capital so invested may 
well be lost. There is not much help in warning of a 
shortage when it is just around the corner. We should 
know well in advance. The future fortunes of a com- 
pany’s main consuming industries should be studied 
continuously both from the economic and chemical 
standpoints. Many of us are inclined to be rather 
myopic on the problems of our customers, except as 
they affect our own immediate limited interests. I am 
sure that if anyone knew, for instance, that five years 
hence there would be a big boom in the soap industry, 
he would start right now to have his development forces 
working on producing products which this industry 
would like to have in the day of its greatness. 

Transcending these in importance is information, 
however dim, on future price levels, business cycles, and 
degrees of commercial activity. If we ever can get any 
reliable information as to the probabilities of the busi- 
ness cycles, management can chart a much more satis- 
factory course and, in addition, help very greatly to 
level out the swings. A boom is as bad as a bust. 
As it stands now, with everyone guessing and being 
carried away by emotions, most of us build our new 
plants during the-boom period when they are con- 
structed very expensively and completed in time not 
to be wanted. When we are in a depression we are 
affected as much mentally as any other way and can 
never see that there will be a future. Hence we do not 
construct during the depression period because the 
world is going to pieces anyway. i a-consequence we 
make the boom periods higher by bidding for already 
scarce materials and labor. We make the depressions 
lower by not so bidding. If we knew, and I want to 
emphasize the word knew, approximately when these 
cycles were coming, we could start our building opera- 
tions at the bottom when costs were low, materials and 
labor easy to find, and then have the plants ready to 
take advantage of the upward swing. We could be 
feeding purchasing power into the hands of workers at 
a time when they needed it most, thereby softening the 
down beat, we would not be entering the market for 
already scarce goods at the top, we would not be under- 
going idle plant charges shortly after. 
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In other words, if we and the economists were perfect 
we could do a very good job. Unfortunately, neither 
is the case and probably never will be. In so far, how- 
ever, a8 we approach perfection we will be able to do a 
better and better job, imperfect though it may always 
be. Such studies, if dependable, would permit us to cal- 
culate closely the setting of production levels, to control 
inventories, particularly of raw materials, and to forecast 
more accurately our future financial needs. Even if 
conclusions cannot be depended upon in the absolute, 
relatively incomplete information is better than none. 
We live by assaying probabilities. No one actually 
knows the sun will rise tomorrow. In this category 
economic research can take its place with the highest 
policy-forming group. 

Management looks to its organized development 
forces for guidance in timing, not only with respect to 
business cycles, as outlined above, but also as to what 
we might call the life cycle of a product. For instance, 
if we are dealing with a new product which is patent- 
free, easily manufactured, likely to grow in use rather 
quickly, it is important to get into production very 
quickly, without waiting for all the fine points in re- 
search and engineering to be worked out. The com- 
pletion of process development can never be more than 
a matter of degree. Of course, in order to do this we 
have to wage war with the engineering department, but 
that can be done. If, on the other hand, the product 


DRYING TUBE FOR THE 


Tue apparatus illustrated was constructed to provide 
a constant source of clean, dry hot compressed air for 
general laboratory use. Though the organic laboratory 
classes find continual use for it, it is helpful to analytical 
and physical chemistry students. 

A 2-foot length of 2-inch iron pipe was threaded at 
both ends and adapted for a standard */s-inch hose nip- 
ple. The pipe was packed loosely with glass wool and 
the nipples screwed in by hand. 

The tube was mounted on a ring stand, as shown, and 
a Meker burner was placed under the middle of it. 

This apparatus may be used for drying a complete 
laboratory “setup.” The compressed air is passed 
through the tube and the burner is lighted. Hot com- 
pressed air is passed through the apparatus and when 
warm air comes out the equipment is dry. 

Several similar units have also been constructed of 
three-quarter inch pipe, 18 inches long. These are 
available to students who wish to use them on their own 
laboratory desks. 
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is intricate, patentable, likely to have a somewhat slow 
growth, we can take more time on the research and 
engineering. Just how much is the problem of man- 
agement and the organized development forces to 
settle in each case. 

Management also depends on orsanized development 
as its eyes and ears in determini:g the course of the 
company’s growth. These are the people who are 
circulating through the chemical world. They are 
attending meetings, seeing customers and competitors. 
They are the ones who should know what is to go on and 


_ whose advice should be weighed in very heavily. Fi- 


nally, while the development group is largely concerned 
with the new things, it must not lose sight of its bread 
and butter. The old products provide the sinews for 
the new. They themselves are under constant attack 
from the very things they provide for. So they must 
not be left alone to fight a losing battle. 


CONCLUSION 


We have sketched the series of steps in commercial 
chemical development which parallel those of research 
and engineering and production, which are necessary 
to bring the product to fruitful commercial success, 
thereby serving mankind. Bear in mind that this 
process is the creation of technical men just as much as 
the other, that it stands on the same level of importance. 
Research, engineering, and production are not enough. 


ORGANIC LABORATORY 


MARTIN CHANIN 
Evansville College, Evansville, Indiana 


Many months of almost continuous service have not 
necessitated a repacking of the original glass wool. 











Employment Policies and Practices in American Organizations 








Cuoosine a technical career, choosing between 
industry and the university, between the large and the 
small company, is an important task that should 
be considered from every angle. On the proper choice 
depends much of your future success and happiness. 
To you, the young scientist faced with such a dilemma, 
we should like to provide as many facts as possible 
about opportunities and employment practices in 
our company that will be pertinent to you in your 
hour of decision. Many of the points to be covered 
have been suggested by a group of recently hired 
employees in response to the question: ‘What type 
of information about a company would have been 
useful to you when you were exploring industrial 
positions?” 


ACADEMIC OR INDUSTRIAL OR BOTH 


Many of you will have engaged in some form of 
teaching, whether assisting in the laboratory, conduct- 
ing quiz classes, or merely coaching a less highly en- 
dowed classmate. Some of you may wish to make 
teaching your career, preferring fundamental research 
and the academic halls of freedom. Industry as well 
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as the university is fully aware of the importance of 
training future scientists. Nearly all of the leading 
industries realize the importance of maintaining a 
flow of talented college graduates who join their ranks 
from year to year, bringing new ideas, techniques, and 
furnishing the raw materials from which the top chem- 
ists, engineers, and executives of the future will be fash- 
ioned. 

Some who teach or participate in post-graduate re- 
search for the first few years may decide to join indus- 
try, and some who enter industrial work may later wish 
to return to teaching. These interchanges help draw 
industry and the university together and should be 
welcome to both alike. 

The need for fundamental research today is urgent 
because the stockpile of scientific knowledge was pretty 
well depleted by the increased activity of the late war. 
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Industrial and academic or institutional research have 
grown closer, and the lines of demarcation between 
the two are not quite so sharply drawn. Alarm has 
been expressed that the university is becoming too 
concerned with the practical significance of its research 
problems and that industry is invading the domains 
of fundamental research. Our urgent defense projects 
taught us that a research worker, proficient in funda- 
mental research, can readily shift over to the applied. 
What really counts is the scientific method, and this 
is the common denominator for the fundamental and 
the applied sciences. 


CHOOSING A COMPANY 


Assuming one has decided on an industrial career, 
let us draw up a list of important factors one might 
consider in choosing a position with any company. 


Opportunity for Advancement 
Security 

Field of Work 

Starting Salary 

Size of Company 

Location 

Financial Standing 
Progressiveness 

Stability 

Employee Relations 

Practices and Benefits 
Management’s Attitude and Understanding 


Each of you will place a different order of importance 
on these factors, but the majority will put opportunity 
for advancement at the top of the list. In this con- 


nection, the inherent differences between the small 
and large company will be described. 


SMALL VERSUS LARGE COMPANY 


The small company offers the advantages of rapid 
advancement for the talented graduate, particularly 
when times are good and business is expanding. The 
young employee can get in on the ground floor, so to 
speak, and may advance rapidly with the successful 
small organization. Work is usually on a more informal 
basis—you get to know everybody and probably can 
call the top boss by his first name. It is less specialized 
and includes all phases of a project. The small 
organization can reach decisions and act more quickly 
because fewer people have to make up their minds. 

Some of the disadvantages attached to a job with 
a small company are the greater risk of unemployment, 
particularly when the business cycle is on the down- 
ward path or when management’s attitude takes a 
sudden turn; limited resources and equipment; the 
smaller number of important positions; and the fact 
that the ultimate goals, even when obtained, are less 
than in a large company. While the outstanding 
employee may make spectacular strides, the one with 
lesser ability may either advance only slightly or else 
remain at a standstill. 

Through employment the large company offers advan- 
tages of greater stability, greater resources in men and 
materials, and a larger variety of jobs from which to 
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choose. Perhaps in this case not all the emphasis 
should be placed on choosing the job, because certainly 
to some extent one should let the job choose you. The 
large company provides a greater number of important 
positions; although the competition is keener, the 
rewards are greater. Working with a large organiza- 
tion carries with it a certain amount of added prestige. 
The worker has the opportunity to consult with and 
draw on the experience of others skilled in related 
fields. Employment training programs, medical and 
retirement benefits are usually more definitely provided 
by the large organization. 

Frequently a large company displays a certain 
amount of inertia in making up its mind, but once a 
course of action is decided upon it has greater resources 
and work teams with which to carry the program to 
completion. The work is more highly specialized and 
each job is more highly defined. Although this may 
limit the scope of work for the moment it spares the in- 
dividual many trivial details and allows greater 
efficiency. 

Assigning the individual to a specialized job should 
not mean that he is tied down to it. As the individual 
develops his abilities and further interests, perhaps he 
outgrows his old job and is ready for a new type of work 
altogether. Flexibility must be maintained and every 
effort made to relocate the individual .is the occasion 
arises. 

EMPLOYEE TRAINING AND STATUS 
The young graduate entering on his first industrial 


Pilot-Plant Equipment for the Preparation of Resins 
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job will find the company-sponsored training program 
very helpful in getting properly orientated, getting to 
know quickly an over-all picture of the company’s 
operations and how the job he finaliy takes fits in with 
many others at the various levels throughout the com- 
pany. Industry is convinced that the time and money 
spent on the training program is well worth while and 
will pay dividends to both the employee and the 
company in later years. The young worker who knows 
his job well and is briefed in other related jobs can dis- 
charge his duties with greater confidence and is ready 
to step into a more responsible job whenever it turns 
up. By and large, the worker with this training back- 
ground can advance faster towards success in industry. 

Improving the status of the technical worker is im- 
portant to the worker and the company alike because 
both share in the benefit. When the young graduate 
comes to work with the American Cyanamid Company, 
he is expected to be well versed in fundamentals and 
theory. He is not expected to be a finished product but 
rather one who has a high potential for further develop- 
ment through assimilation of more knowledge and 
particularly through learning how to solve the many 
and complex practical problems that arise. 

Aside from on-the-job experience, the technical em- 


This young chemical engineer worked two years in the Plastics Develop- 
ment Laboratory but while helping file a couple of his patent applications 
became so interested in patent law that he wanted to become an attorney. 
Accordingly, he was transferred to the company’s patent office in Wash- 
ington, D. C., where he works and attends evening classes in law at George 
Washington University. In this way, he expects to earn his LL.B. degree 
by 1952. 
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ployee improves in stature by publications in the tech- 
nical journals and by obtaining patents contemporarily 
on the same subject. His status is further enhanced by 
joining and contributing to professional societies, at- 
tending the technical meetings and maintaining numer- 
ous contacts with the university and with industry. 
Attendance at various technical society meetings is 
provided for on a rotational basis so that each em- 
ployee takes his turn within a reasonable period of 
time. By working in a larger industrial group the em- 
ployee comes in contact with a greater number of pro- 
fessional skills and hence can pick up extra points in 
this way that would be more difficult otherwise to ob- 
tain. 


COMPANY PRACTICES AND BENEFITS 


Promotions. Since ample opportunity is given the 
individual to learn and effort is made to train him for a 
higher position, most promotions are made from within 
the organization. Seldom is it necessary to go outside 
to fill an executive position, and the general trend is for 
the technical man to move into the ranks of top man- 
agement, providing he develops the special abilities 
required of executives. Ample advancement in purely 
technical fields is also possible. 

Salary Increase. Salary increases are on the basis of 
merit and increased responsibility, recognizing both 
accomplishment and ability. In general, individual 
raises are made on an annual basis with reviews of the 
case every six months. Starting salaries for technical 
personnel are in line with those elsewhere in the chemi- 
ca] industry. Surveys show that salaries for experi- 
enced personnel are above the median and among the 
highest paid in the industry. 

Educational Opportunities. Under the education 
assistance plan the technical employee may go to 
evening school or take extension courses, and one-half 
of the tuition fees will be paid by the company for 
courses satisfactorily completed. Fortunately, several 
metropolitan colleges, such as Columbia University, 
New York University, and Brooklyn Polytechnic In- 
stitute, are conveniently located nearby and offer both 
graduate and undergraduate courses. 

Publications. Publication of original work is en- 
couraged after the patentable features have been 
covered. During one year, the entire Cyanamid 
organization contributed nearly 160 technical papers 
which appeared in the various scientific journals. 

Vacation. Annual vacation of two weeks with pay is 
granted each technical employee after six months of 
continuous service. Employees hired between January 
1 and April 1 receive one week during that current 
year. 

Group Insurance. For the employees at the various 
laboratories a modest amount of insurance is provided 
without charge after six months’ employment afd is 
increased to a maximum of $2000 after four years of 
employment. Thereafter, additional life insurance up 
to $18,000, depending on age and income, can be sub- 
scribed to at a low rate by the individual. 
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Safety. A safety program operates to instruct all 
employees in proper handling of hazardous chemicals 
and in the safe use of equipment of the plant or labora- 
tory. Periodic and rigid inspections are made to un- 
cover any unsafe conditions or habits. Such aids to 
safety as goggles, gas masks, gloves, and shatterproof 
screens are furnished wherever needed. 

Medical. Thoroughly equipped and _ well-staffed 
Medical Departments are maintained to safeguard the 
employee’s health and to render first aid in emergencies. 
Each employee is given a complete physical examina- 
tion before assuming his position and thereafter receives 
an annual checkup. The staff doctor is available for 
consultation also on minor nonoccupational ills. , 

Pension and Retirement Plan. The ‘plan provides 
without cost to the employee a regular income to supple- 
ment Social Security payments. Any employee after 
thirty-five years of age and after completing two years 
of service is eligible for the plan. Retirement is op- 
tional at age fifty-five or any year thereafter to age 
sixty-five, when it is compulsory. 


HISTORY AND GROWTH 


To a person contemplating an industrial career the 
history of the company affords a perspective on its 
growth and expansion which may set.the pattern for 
the future. 

The American Cyanamid Company was founded in 
1907 and a plant built in Niagara Falls, Ontario, to 
make calcium cyanamide by combining calcium carbide 
with atmospheric nitrogen. Soon an economical proc- 
ess was installed to convert calcium cyanamide into 
cyanides for the mining industry and as a source for 
hydrocyanic acid. Since then calcium cyanamide has 
become a starting material for melamine and a host of 
other nitrogen derivatives. : 

During the late twenties the company, in keeping 
with a diversification program, acquired the business of 
the Caleo Chemical Company and of Lederle Antitoxin 
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Laboratories as well as that of a number of other com- 
panies. 

Although much of the expansion of the American 
Cyanamid Company was through the acquisition of the 
businesses of a nuzaber of chemical companies in 1928- 
30, there has been a continuing and accelerated growth 
as 2 result of research and development, which is a 
necessary sign for any healthy organization. 

From total sales of $61,000,000 in 1936 the annual 
sales figure has increased to $232,000,000 for 1948. 
Furthermore, as a general trend over the years the sales 
have grown proportionally faster than the chemical 
industry as a whole. More than one-half of the ap- 
proximately 5000 chemical products turned out by the 
company today are the result of Cyanamid’s research 
and development. These products are important raw 
materials for American industry and comprise dye- 
stuffs, various organics from coal tar, pharmaceuticals, 
biologicals, explosives, synthetic resins, insecticides, 
fertilizers, and whole lines of chemicals for such indus- 
tries as paper, petroleum, rubber, mining, textile, 
metal, and leather. 

The total personnel employed throughout the com- 
pany, including its 38 widely scattered plants, number 
about 20,000, of which approximately 1500 are tech- 
nically trained. 


RESEARCH 


American Cyanamid from the beginning has been 
very research minded and has regarded research as 


Young Scientist at Work on the Synthesis of Surface-Active Agents 
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Esterification Equipment Used in the Pilot Plant 


highly essential to its future growth. Research was 
formally begun at the Niagara plant in 1911 but in 1919 
was moved to the Cyanamid plant at Warners, New 
Jersey, where it remained until centralized in 1936 at 
the Stamford Research Laboratories at Stamford, 
Connecticut. 

Cyanamid research today is big business; the annual 
budget for research and development throughout the 
company and its subsidiaries amounts to more than 
$10,000,000. The total research personnel numbers 
around 1600, approximately one-half of which are tech- 
nically trained graduates. 

Since research is big business it must accordingly be 
organized along lines that promote maximum efficiency. 
Attempts on the part of management to formulate plans 
for research are really attempts to provide better and 
more perfect environments for the technical worker so 
that he is free from many of the menial tasks and can 
devote a greater part of his time to more creative work. 
There are also provisions for the orderly transfer and 
development of the fruits of research, because in order 
to “pay off’ research must be utilized. 

An atmosphere of freedom is a fundamental require- 
ment for successful research. This is true for the indus- 
trial laboratory as well as for the academic research 
laboratory. What the researcher does is assigned to 
him, but how he does it is left pretty much up to him. 


COOPERATION AND WORK TEAMS 


Whenever a problem is urgent and so complex that it 
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requires several different scientific skills for its solution 
the concerted efforts of several individuals working in 
close cooperation is essential for swift attack on the 
problem. This teamwork idea while usually associated 
with industrial development is a by-product of research 
on a large scale. Even the university, in the 
prosecution of important defense problems during the 
last war provided opportunities for the training of work 
teams. 

A familiar example of a team for the solution of a 
biochemical problem or for the discovery and elucida- 
tion of some new growth factor is a group composed of 
analytical, organic, physical, and biological chemists, 
along with physicists trained in molecular structure 
measurements. When one stops to think, an entire 
industrial organization may be resolved on the basis of 
large teams such as financial, production, sales, re 
search, and advertising, all of which must function 
smoothly together to insure success. 

To those who are considering an industrial career in 
the near future we should like to give an idea of the 
different opportunities that are afforded by the large, 
organized chemical company. Perhaps we can best do 
this by giving you a picture of how new things are de- 
veloped in the chemical field. Let’s trace the route 
followed from the original idea for invention to full- 
scale manufacture in the chemical plant. 


FROM IDEAS TO AUTOCLAVES 
IDEA SOURCE 


RESEARCH DEPARTMENT 
1. Check Journal and Patent Literature 
2. Exploratory Research 
3. Research on Product or Process 
DEVELOPMENT DEPARTMENT 


1. Application Research 
2. Market Investigations 
3. Field Trials 


Electron Microscopes in the Physics Research Laboratory 


On the right is the first instrument installed in an industrial research 
laboratory. 
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hh Laboratory in the Chemotherapy Division 


PROCESS DEVELOPMENT 
Pilot Plant Operations 
Manufacturing of Materials for Field 

Trials 

CENTRAL ENGINEERING 
Design and Construction 
Large-Scale Plant 

PRODUCTION 


Manufacturing Scheduling and Plant 
Operations 


4 COMPANY LABORATORIES 


The Caleo Chemical Division, which is Cyanamid’s 
largest single division, maintains a staff of about 425, 
including supporting personnel, engaged in research 
and process development on coal-tar hydrocarbons, 
dyes, pigments, and pharmaceuticals. In addition to 
the Research and Process Development Departments, 
Production, Engineering, Technical Service, and Sales 
afford opportunities for technical employment. Pro- 
duction, Engineering, and Process Development employ 
primarily engineers, while Research and Technical 
Service employs mostly chemists. 

At the Lederle Laboratories Division in Pearl River, 
New York, there is a research staff who, in addition to 
their work in the chemical field, are especially active 
in the biological field, such as bacteriology, biochemis- 
try, nutrition, virus diseases, allergens, antigens, anti- 
toxins, sera, liver concentrates, antibiotics, and di- 
agnostic reagents. 

Smaller laboratories are maintained by the Cyanamid 
units, Davis and Geck, Incorporated, manufacturers of 
surgical sutures, and the Explosives Department at 
New Castle, Pennsylvania, to study their specific prob- 
lems. Chemical Construction Corporation, the unit 
which designs and constructs chemical plants through- 
out the world, operates pilot-plant laboratories at 
linden, New Jersey. In addition, the 38 plants int the 
Cyanamid organization have individual laboratories for 
quality and general manufacturing control. 
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At the Stamford Laboratories more than 400 tech- 
nical college graduates and approximately an equal 
number of supporting personnel are employed in the 
seven research divisions: Research, Basic Nitrogen 
Chemotherapy, Technical Service and Development, 
Analytical and Testing, Mineral Dressing, and Chemi- 
cal Engineering. Accounting, Personnel, and Plant 
Management Divisions operate as service divisions for 
the entire laboratory, while the Patent Department with 
its headquarters here serves all the units of the com- 
pany. Technical employees in the Patent Department 
are trained in patent law as well as in science. 

In addition to basic research in the organic and 
physical fields, work at Stamford includes: research 
on resins, plastics, surface coatings, industrial cat- 
alysts, high-pressure reactions, nitrogenous compounds, 
chemotherapeutic agents, mining flotation reagents; 
and extensive synthetic programs on new chemicals 
for various industries such as paper, petroleum, rub- 
ber, textiles, leather, and agriculture. 

Application research and product development are 
done by Technical Service and Development Division 
where specialists develop uses for Cyanamid products. 

The Chemical Engineering Division studies the pro- 
duction of chemical products in pilot-scale equipment, 
collects data, and establishes procedures upon the basis 
of which full-scale plants may be designed. 


LIFE WITH CYANAMID 
What would your life be like outside of the plant and 


Ore Flotation with Fagergren Machine 





laboratory walls? Calco, Lederle, and the Stamford 
Laboratories are all located in suburban areas which are 
ideal for residential living—well served by schools, 
churches, hospitals, and shopping centers. As a matter 
of fact, many people choose to make their homes in 
these sections and commute to their jobs in New York. 
Each of these areas is conveniently located to New York 
with advantages for culture, education, and amusement. 

This is a popular locale for winter and summer 
sports—skating and skiing in the winter and boating, 
fishing, and swimming in the summer at the nearby 
lakes and the Atlantic seashore. 

At each location are social and athletic clubs to which 
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nearly all employees belong. Occasional dances, 
bridge parties, picnics, and social meetings are held 
throughout the season. The members participate jn 
intra-company athletic events, bowling, softball, tennis, 
basketball, and golf. Picked teams from the clubs 
engage in local industrial league competition. 

It is apparent that not all of the science graduates will 
choose to work for any one company, and this is in line J 
with the American tradition. But no matter what 
company you choose for ernployment, we hope that your 
association with it will be a mutually attractive one 
and that it may contribute as much to your success as an 
individual as you can to it as a company. 





ELEMENT OF THE WEEK 


A sImPLeE but effective method of creating interest 
among chemistry students was the outgrowth of a gift 
of perfume. The vial was contained in a package which 
consisted of a cast-iron base supporting a bell jar. The 
base was 4 inches in diameter and the glass bell jar was 
5 inches high. By placing a watch glass inside the jar, 
an attractive display unit which aroused considerable 
interest was obtained. A similar display can be secured 
at a small cost through any chemical supply house. 
Each week a different element was displayed within 
the bell jar. Behind the display, in an inexpensive 
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wooden picture frame, was a complete description of the 
element. It included the history, occurrence, prepara- 
tion, and uses, and was similar to the description con- 
tained in any standard chemistry handbook. 

Since only small amounts of an element can be dis- 
played in such a device, very little money had to be 
spent in securing enough of the thirty-six or forty ele- 
ments that were required to operate the display for an 
academic year. At least this number of elements can be 
found in almost any high-school or junior college labora- 
tory. (The writer must confess that his sample of 

nitrogen was only 78 per 
cent pure!) However, in all 
_ other cases, samples of the 
various elements were ob- 
tained without any great 
difficulty or expense. 


In view of the fact that 
the unsupplemented text 
description of chemical sub- 
stances frequently fails to 
give the reader a clear pic- 
ture, the negligible cost and 

. effort needed topresent such 
a display as this appears to 
be well worth the work in- 
volved. 

The writer’s display was 
set up just inside the labo- 
ratory door, and it aroused 
considerable interest 8 
each section came in for its 
weekly laboratory period. 
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THE CHEMICAL REVOLUTION—THE SECOND 
PHASE 


Tue Eighteenth Century revolution in science falls 
quite naturally into five rather distinct phases, the 


| entire period encompassing less than two decades. 


The first phase begins with the questioning of the 
phlogiston theory by Lavoisier late in 1772, and his 
subsequent attempt to develop a new conceptual scheme 
to explain combustion and calcination. While he made 
considerable progress, he was unable to complete the 
new concept, and in the summer of 1774 he had reached 
the tentative conclusion that fixed air (carbon dioxide) 
was the gas which combined with metals to increase 
their weight when they were calcined. 

The second phase begins with Priestley’s work on the 
calx of mercury in August, 1774, and is concluded with 
the publication, respectively, of Priestley’s letters to 
the Royal Society in March, 1775, announcing his new 
discovery, and Lavoisier’s now famous Easter Memoir 
to the French Academy of Science in April of the same 
year on “The nature of the principle that combines 
with metals in calcination and that increases their 
weight.” 

The third phase stems directly from the second. It 
involves Lavoisier’s refinement of his conceptual scheme 
and his subsequent discovery, based on Priestley’s 
eareful work, that the atmosphere is composed of two 
gases, only one of which supports combustion. It was 
in this period that Lavoisier’s celebrated experiments 
with mercuric oxide were performed which demonstrate 
the composition of the atmosphere. 

The fourth phase completes the conceptual scheme 
by explaining the composition of water and the nature 
of oxidation and reduction. It is, of course, based 
upon Cavendish’s. important discovery that water is 
produced in the combustion of inflammable air (hydro- 
gen). 

The fifth phase which overlaps the fourth completes 
the establishment of a new nomenclature in chemistry 
by the well-known group of French chemists including 
Lavoisier and is climaxed by the publication of Lavoi- 
sier’s book in which the new terminology was first used. 
It marks, as well, growing support for the new theory 
and Lavoisier’s final and victorious attack on the 
phlogistonist creed. 

This paper is particularly concerned with the second 


phase which is without doubt the most striking and 


certainly the most controversial. Reference to other 
phases is made as it becomes necessary to throw further 
light upon the controversy which still exists over the 
relative contributions of Priestley and Lavoisier to the 


SIDNEY J. FRENCH 
Colgate University, Hamilton, New York 


solution of the combustion problem, the controversy 
which was set off by Priestley’s statements that he told 
Lavoisier in October, 1774, about the gas he had re- 
cently obtained by heating a supposed calx of mercury. 

In the course of nearly a century and three quarters 
many points concerning the great controversy have been 
settled. But others still remain unsettled and need 
further consideration. It is clear, for example, from 
the careful and painstaking work of Meldrum (/) that 
Lavoisier’s conceptual scheme—the first phase—in- 
volving a revolution in science was the product of his 
own mind, and his only. Priestley had no part in 
it; the whole scheme was thought out and well ad- 
vanced before Lavoisier ever met Priestley. It is not 
necessary to review this evidence and no one any 
longer believes the loose statements of some earlier 
historians to the effect that Lavoisier hurried to his 
laboratory following his talk with Priestley, repeated 
Priestley’s experiment and came out with his new theory 
based on what Priestley had told him. This interpreta- 
tion has long since joined the egregious myths of history 
and is deeply buried. 

But the elimination of this myth has by no means 
lifted the shroud of suspicion from Lavoisier’s decapi- 
tated and unidentified corpse. There still remains the 
possibility and, from circumstantial evidence at least, 
the probability, that Lavoisier made good and effective 
use of what Priestley told him in carrying forward the 
second phase of the revolution. 

Did he? That is the question which needs more care- 
ful examination and to which this paper is primarily 
addressed. 

By the time Lavoisier met Priestley in Paris in 
October, 1774, he had made considerable progress in 
developing his new conceptual scheme, but he had 
arrived at a practical impasse. From his own experi- 
ments, from careful study of the work of others, from 
his preparation and publication of a book on gases he 
had learned many things. He was more than ever 
satisfied that metals increased in weight when they were 
calcined and in so doing absorbed something from the 
air. His memoir on this subject had been prepared the 
preceding spring but was not read to the Academy until 
November, 1774. The one thing which puzzled him 
was the nature of the substance absorbed by the metal 
from the air. For a variety of reasons, including careful 
study of Black’s work on the relationships between lime, 
chalk, and fixed air, his own studies of heating diamonds, 
and his knowledge of the gas produced when the calx 
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of a metal was heated with charcoal, he had been forced 
to the tentative conclusion that the substance absorbed 
was fixed air (carbon dioxide). Yet this did not seem 
to square with other facts. He had tried, for instance, 
adding fixed air to the residual air in which a metal 
had been calcined, but found that this did not restore 
the combustible properties of the air. 

Lavoisier’s interest in gases was specific; he wanted 
to know their relationship to combustion. Likewise, 
his interest in metals was specifically related to prob- 
lems of calcination. He was considerable of a novice 
in experimenting with gases, quite unlike Priestley who 
was the expert in this field, but whose experiments 
“roamed all over the map.” It was also true that no 
consistent theory of gases had been developed. Some 
regarded all gases merely as variants of the atmosphere 
due to the presence of certain impurities. Others recog- 
nized distinct differences and regarded some of the 
better known gases as distinct entities. 

During this period, and just preceding it, several 
important incidents took place which have a seemingly 
important bearing on the eventual solution of Lavoi- 
sier’s problem. One was, of course, the meeting of 
Priestley and Lavoisier; another had to do with the 
significant contemporary work of a little known Parisian 
scientist. 

Early in the year 1774, Bayen, a Parisian scientist, 
produced several interesting papers bearing closely upon 
Lavoisier’s problem. All were published in Observa- 
tions. In the first of these papers published in Febru- 


ary, 1774, Bayen stated that the calx of mercury could 


be converted into the metal merely by heat and without 
the use of charcoal to provide the necessary phlogiston. 
Furthermore, the calx lost weight in the process. This 
result seemed, according to Bayen, to have some bearing 
on the work recently reported by Lavoisier in his Opus- 
cules on the gain in weight of metals on calcination. 
The second paper, which also appeared before Lavoi- 
sier read his memoir on calcination in November, 
reported that the elastic fluid obtained by heating the 
calx of mercury with charcoal was soluble in water and 
had the properties of fixed air. It also reported, sur- 
prisingly enough, that when the calx was heated without 
charcoal a gas was evolved which had the same prop- 
erties; it was also soluble in water. 

There are several surprising and ‘interesting things 
about these papers. In the first place, if the calx of 
mercury (and Bayen also felt that the red oxide should 
be regarded as a true calx) could be converted to the 
metal without the use of charcoal, it was the first in- 
stance of its kind known. What, then, provided the 
necessary phlogiston for the operation? In the second 
place, the gas produced was, according to Bayen’s 
hasty conclusions, fixed air. 

On September 3, 1774, Cadet reported to the Acad- 
emy of Science that red precipitate of mercury per se 
could be reduced to mercury without the addition of 
charcoal. While it had not been clearly established 
that red precipitate (prepared by dissolving mercury 
in nitric acid, then adding alkali to precipitate the 
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oxide, which was then filtered out and dried) was 
identical with the red calx prepared by heating mer- 
cury moderately in air, there was a growing tendency to 
regard them as the same substance. Bayen’s work, in 
fact, indicated that mercury calx might be prepared ip 
a number of different ways. 

So important did Cadet’s report seem to the Academy 
(and it seems likely that Cadet’s report was based on 
Bayen’s work) that a special committee was appointed 
to verify the experiment. Lavoisier was a member 
of that committee, which reported November 19, 1774, 
that Cadet’s contention was correct. Thus, Lavoisier 
must have known this fact before or, at latest, shortly 
after he talked with Priestley. 

It is too bad that Bayen blundered in one of his 
results, otherwise he might at least have shared the 
credit as a discoverer of oxygen. But the error is 
easily understandable; he had been reading Lavoisier’s 
Opuscules carefully. He therefore would probably 
assume that the gas obtained in heating the calx of 
mercury ought to be fixed air. Perhaps he made only 
a perfunctory test; perhaps his apparatus contained 
some fixed air because he had not swept it clean after a 
prior experiment. In any event he missed his chance, 
probably because he had a preconceived idea of what 
he should get; probably also because he had had very 
little experience in working with gases—a new subject 
to most French scientists, including Lavoisier. It must 
be realized, too, that Bayen’s interest in the gas pro- 
duced was quite secondary to his interest in the fact 
that mercury could be produced from the calx without 
the use of charcoal. 

Thus, at the time Lavoisier met Priestley in October, 
1774, he had already prepared his memoir on the increase 
of weight in metals upon calcination; he still felt that 
the principle absorbed from the atmosphere was fixed 
air; he must have suspected, at least, that the calx 
of mercury could be reduced to mercury by mere heating 
and without the aid of charcoal; and because of Bayen’s 
error—and his own convictions—he would regard the 
gas produced in this process as fixed air: 

With this in mind the possible impact of Priestley’s 
statements can be judged, but since we are attempting 
to follow the sequence of events only as they impinged 
upon Lavoisier’s thinking, much of the very brilliant 
work of Priestley on gases must be omitted and only 
that portion which might have affected Lavoisier’s 
actions can or need be included. Priestley is rightly 
credited with many important discoveries, among them, 
oxygen. 

On August 1, 1774, Priestley heated what he thought 
was red calx of mercury. He was interested in seeing 
what kind of a gas might be produced from such action; 
he had a new powerful lens with which he might thus 
examine a variety of substances. Unlike Bayen (about 
whose work with mercury calx he probably did not 
know), he had no preconceived ideas about the nature 
of the gas. Furthermore, since he heated the calx over 
a mercury trap he would not note that mercury was 
produced in the process. His prime interest was in 





CATION 


od) was 
ng mer- 
lency to 
vork, in 
yared in 


cademy 
ased on 
pointed 


7oisier’s 
robably 
calx of 
de only 
ntained 
after a 
chance, 
of what 
ad very 
subject 
It must 
aS pro- 
he fact 
without 


bctober, 
ncrease 
alt that 
is fixed 
he calx 
heating 
3ayen’s 
urd the 


estley’s 
mpting 
ipinged 
rilliant 
id only 
oisier’s 
rightly 
r them, 


hought 
seeing 
action; 
at thus 
(about 
lid not 
nature 
Lx over 
ry was 
was in 


FEBRUARY, 1950 


the kind of gas he might get; Bayen’s was in the pro- 
duction of the metal. 

Priestley got his gas, and looking upon it as an 
unknown, proceded to apply several tests. It was not 
fixed air; it supported the burning of a candle vigor- 
ously. “‘But what surprised me more than I can well 
express,” wrote Priestly, “was that a candle burned in 
this air with a remarkably vigorous flame, very much 
like that enlarged flame with which a candle burns in 
nitrous air, exposed to iron or liver of sulfur (nitrous 
oxide); but as I had got nothing like this remarkable 
appearance from any kind of air besides this particular 
modification of nitrous air, and I knew no nitrous acid 
was used in the preparation of mercurious calcinatus, 
I was utterly at a loss to account for it’’ (2). 

In Priestley’s case, too much knowledge proved a 
dangerous thing. He had previously prepared the gas, 
nitrous oxide, which he called modified nitrous air and 
had seen a candle burn in it with a very vigorous flame, 
more vigorous than in atmospheric air. He knew fur- 
thermore that substances containing niter could burn 
“en vacuo, in fixed air, and even under water, as is 
evident in some rockets, which are made for the 
purpose.” His superior knowledge of nitrous oxide 
and niter blinded him to the right answer. He be- 
lieved the gas produced must be akin to nitrous oxide, 
not to the atmosphere, yet he knew full well that 
neither niter nor nitric acid had anything to do with 
the preparation of the calx of mercury. From whence, 
then, came the nitrous oxide—as he supposed the gas to 
be—in which the candle burned? 

In casting about for a possible answer he came to a 
tentative conclusion that the material he thought to 
be red calx of mercury might instead be red precipitate 
of mercury, prepared by first treating mercury with 
nitric acid. This treatment might account for the 
modified nitrous air. He therefore tried some red 
precipitate of mercury and got the same result. He 
secured another sample which he felt was an authentic 
sample of the cala—and got the same result. Perhaps 
the calx, prepared by heating mercury in air, had re- 
ceived “something of nitre’’ from the atmosphere, he 
reasoned. It is obvious that Priestley regarded the 
calx and the red precipitate as different substances at 
the time when the dilemma was being resolved in 
France largely through Bayen’s work. Finally, Priest- 
ley got the same kind of air by heating red lead. 

At this point, in October, 1774, he was forced to drop 
his interesting work and accompany his patron, Lord 
Shelburne, on a trip to Paris. It was in Paris at a dinner 
given by Lavoisier (the two scientists had not pre- 
viously met nor is there any indication that they had 
ever exchanged correspondence) that Priestley says he 
described his recent work to the assembled company. 

“And Mr. and Mrs. Lavoisier, as much as any, ex- 
pressed great surprise,” wrote Priestley later. He 
wanted to be certain the world of science knew that he 
had talked about his experiments in Lavoisier’s pres- 
ence. He, with others, felt later that Lavoisier had 
appropriated his ideas. 


Just what did Priestley tell the assembled company; 
what did Lavoisier get from it? Why did Priestley 
say, ‘And Mr. and Mrs. Lavoisier, as much as any—’’? 

A dinner party is probably not the most appropriate 
place to communicate ideas of a precise or technical 
nature requiring careful attention to details. Cer- 
tainly if Priestley’s reactions to the French people were 
correct, it would be hard to communicate precise ideas 
to them at any time. “In general,’ he wrote, ‘the 
French are too much taken up with themselves to admit 
of that minute and benevolent attention to others 
which is essential to politeness. This appears in 
nothing more than their continually interrupting one 
another in discourse, which they do without the least 
apology so that one half of the persons in company are 
heard talking at the same time.” 

Not only did Priestley stutter, he also spoke poor 
French—this in spite of his great linguistic ability. 
Lavoisier understood—andspoke—English poorly. Was 
what Priestley told the “assembled company” under- 
stood by Lavoisier as Priestley, himself, wnderstood it, 
or even as he told it? One can well doubt it, consider- 
ing the 1:0rmai difficulties of communication, even in a 
common language, on a technical subject. 

Even if it were understood by Lavoisier as Priestley 
understood it, what did Lavoisier learn? He learned 
that a substance which might or might not be the red 
calx of mercury yielded a gas on heating which appeared 
to be modified nitrous air in which a candle burned 
vigorously. This was certainly interesting and would 
call perhaps for something more than polite surprise. 
There is the implication in Priestley’s statement, how- 
ever, that Lavoisier’s surprise was somehow connected 
with-a secret knowledge of what this discovery would 
mean to his own work. That, certainly, was the inter- 
pretation given by earlier historians who claimed that 
Lavoisier then rushed to his laboratory, repeated 
Priestley’s work and came out with his new theory of 
combustion based upon Priestley’s discovery. The 
implication is that Priestley by some divine-like coin- 
cidence in timing had provided the missing clue Lavoi- 
sier was groping for, and Lavoisier recognized it 
instantly. Scientific discoveries seldom proceed that 
way! And Lavoisier was by no meang ready to recog- 
nize such a clue—if it were one. 

Priestley comes back time and again to his complaint 
that he told Lavoisier about his work. “I frequently 
expressed my surprise at the kind of air which I had got 
from this preparation to Mr. Lavoisier, Mr. Le Roy, 
and several other philosophers, who honored me with 
their notice in that City; and who, I daresay, cannot 
fail to recollect the circumstances.” Again, “It appears 
by Mr. Lavoisier’s paper, that, after I left Paris, where 
I procured the mercurious calcinatus above mentioned 
and had spoken of the experiments that I had made and 
that I had intended to make with it, he began his experi- 
ments upon the same substance, and presently found 
what I have called dephlogisticated air.” Priestley 
refers here to Lavoisier’s memoir published in the spring 
of 1775. To “homas Henry, publisher of the English 





translation of Lavoisier’s book he wrote, ‘‘He ought to 
have acknowledged that my giving him an account of 
the air I had got from mercurious calcinatus and buying 
a quantity of M. Cadet while I was in Paris, led him 
to try what air it yielded, which he did presently after 
I left.” 

Priestley’s persistent, if plaintive, cry comes from 
his desire to protect his right to the discovery of oxygen 
(dephlogisticated air). He had every right to complain 
as far as the discovery of oxygen was concerned—he 
was shortly to make that discovery—but in so complaining 
he confused the historians who attached the complaint 
not only to the discovery of oxygen but to the dis- 
covery of the principle of combustion (which was clearly 
Lavoisier’s) as well. They seized upon Priestley’s 
words to condemn Lavoisier without careful study of 
what had gone before or what was to follow. Priest- 
ley’s complaint was specific. History broadened it to 
throw suspicion on the whole of Lavoisier’s work. 

No one today questions Priestley’s right as an inde- 
pendent discoverer of oxygen. By similar token, the 
careful work of Meldrum, McKie, and others (3, 4, 5) 
has shown that Lavoisier had his conceptual scheme well 
developed before he talked with Priestley—some six 
months before Priestley discovered that his new gas, 
far from being modified nitrous air, was indeed a pure 
form of atmospheric air. 

What happened after Priestley left Paris? Lavoi- 
sier tells us that he experimented with mercury pre- 
cipitate per sein November. But his wording leaves one 


in doubt concerning the results he obtained. The 
following statement appears as a footnote to his now 


famous Easter Memoir of 1775: “Les premiéres ex- 
périences relatives & ce Mémoir, ont été faites il y a 
plus d’un an; cellessur le mercure précipité per se, 
ont d’abord été tentées au verre ardent, dans le mois 
de Novembre 1774, et faites ensuite avec toutes les 
précautions et les soins nécessaires dans le Laboratoire 
de Montigney, conjointement avec M. Trudaine, les 28 
Février, ler et 2 Mars de cette année; enfin elles ont 
été répéttés de nouveau le 31 Mars dernier, en présence 
de M. le Duc de la Rochefoucault, de M.™ Trudaine, 
de Montigny, Macquer & Cadet” (6). 

The statement deserves more careful attention than 
it has generally been accorded. It has usually been 
interpreted to imply that Lavoisier performed the experi- 
ment in November. He is careful to say, however, 
that the experiments “were attempted” (été tentées). 
He then goes on to say that they were completed or 
accomplished (faites ensuite) with all necessary pre- 
cautions. There is a definite implication that the 
November experiments were incomplete, inconclusive, 
or unsuccessful. As a matter of interest I asked five 
of my colleagues who teach French to translate the 
passage independently. None knew the background 
of the particular controversy or what parts of the pas- 
sage might be in question. Three stated that the 
“experiments with mercury precipitate per se were 
‘tried’ ....”; two that they were “attempted.” In 
translating “faite ensuite” in the context of the whole 
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statement each used a different term as follows: ‘‘per- 
formed, made, done, accomplished, completed.” [pn 
anothe;: writing this term is translated as “continued,” 

There is definite reservation, therefore, about the 
completeness or success of the November experiments, 
But, were this the only evidence suggesting failure the 
matter could be passed over lightly as a mere case of 
inadequate statement. It is not the only evidence! 

Lavoisier was a man of action. In fact he sometimes 
made haste too rapidly and came out with statements 
which were not adequately verified by experiment. 
He was a man of means, supported by his investments, 
who could—and did—devote long and strenuous hours 
to his scientific work. He had a vision of a revolution 
in science and was doing everything possible to push 
matters along. He had already made notable progress 
but had reached an impasse. If Priestley had given 
him a clue which he recognized he certainly would have 
let no grass grow under his scientific feet. Yet, 
following the November attempt he seems to have done 
nothing further with the calx of mercury for nearly 
four months. He did, however, work on other experi- 
ments including the calcination of lead, and was con- 
jecturing in his notebook on the nature of charcoal. 
It were as though the Priestley episode had dropped 
comhpletely from his conscious mind. Lavoisier’s} 
previous work had been with such metals and calces as 
iron, lead, and tin. The evidence makes it all too 
clear that he did not regard mercury calx or mercury 
precipitate per se in the same category with these other 
calces. In fact, Priestley’s statements could well have 
confused him even more concerning the nature of this 
substance. 

We will probably never know just why Lavoisier’s 
attention became fixed upon the calx of mercury again 
in late February, 1775. He gives no particular explana- 
tion. Perhaps the unconscious merged at this point 
with the conscious. He might have been giving further 
thought to Bayen’s work or Cadet’s report. Or he may 
have just happened to pick up a container of mercury 
calx in the laboratory and decided to work with it. 
The one thing he did not seem to do at this time, how- 
ever, was to recall what Priestley had told him—unless 
one were to accept the unlikely view that he was 
deliberately trying to throw historians off the track. 
An entry in his private journal—not written for public 
view—seemingly made on February 28, 1775, provides 
the rather surprising evidence. It reads as follows: 


Air from mercury precipitate per se. It was fully believed that 
this air liberated from a sort of metallic calx was fixed air and the 
air was submitted to the test with lime water. It made it slightly 
opaline without any precipitation. Trial was made by intro- 
ducing a light into it; but far from being extinguished, the flame 
on the contrary was greatly enhanced (7). 


This is significant passage as it relates to Lavoisier’s 
thinking. It would appear to provide irrefutable evi- 
dence that the November experiment had not been 
carried to a successful conclusion. If it had been, 
why would Lavoisier now be expecting to get fixed air’ 
Either he did not understand what Priestley had told 
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him or else he did not connect Priestley’s work with 
what he was now doing. 

The key to the confusion, however, probably lies in 
the phrase “a sort of metallic calx.” He was not certain 
that this substance belonged in the same category with 
the calces of iron, lead, and tin, with which he had for- 
merly worked. In the first place, there seemed to be 
two substances, prepared in different ways, but with 
very similar properties. Priestley was not sure which 
one he had worked with and apparently mentioned his 
own confusion—and got a fresh sample of the calz 
from Cadet. It is not surprising therefore that Lavoi- 
sier did not seem to connect Priestley’s work with 
what he was now attempting. 

Furthermore, Lavoisier was not now attempting to 
repeat Priestley’s experiment. He was using quite a 
different method. Priestley used a burning glass, as 
did Lavoisier in November. Lavoisier was now using 
a small retort the neck of which was placed under an 
inverted bell jar filled with water. He wanted to see 
what was left after the calx was heated; this was im- 
possible by Priestley’s method in which the calx was 
heated directly in an inverted container of mercury. 

That, until he tried this experiment, he was still con- 
fused concerning the real nature of mercury precipitate 
per se is further evidenced by his statements in his 
Easter Memoir, “Mercury precipitate per se, which is 
nothing else than a calx of mercury, as several authors 
[Bayen?] have already maintained and as the reader 
of this Memoir will be even convinced.... In order to 
be sure that mercury precipitate per se was a true metallic 
calx, whether it would give the same results and the 
same kind of air on reduction, I tried at first to reduce 
it by the ordinary method that is to say to use the 
accepted expression, by the addition of phlogiston 
|charcoal].”” He had at last convinced himself that 
this substance was a true calx, it would seem. 

While Lavoisier’s Easter Memoir gives an orderly 
statement of his procedures in which he speaks first of 
reducing the calx with charcoal and getting fixed air, 
and then reducing it without charcoal and getting pure 
common air, there is every reason to believe from his 
journal entry that he actually proceeded in an opposite 
manner. In fact, he says in the Memoir that the ob- 
servations made during a number of experiments have 
been “‘combined into one account.” 

Priestley had said in October that the gas obtained 
from heating the calx of mercury seemed to be nitrous 
oxide. He continued to believe this for several months 
and in fact did not finally discover his error—and apply 
the common test for atmospheric air until early March, 
1775—just at the time Lavoisier was also discovering 
that this gas had the properties of common air. This 
Was an interesting coincidence in timing, but nothing 
more. There was a great difference in the way the 
two went at the problem. Lavoisier never stumbled 
at this point. When he discovered that a candle burned 
in the gas he went right on to apply the nitric oxide test, 
the commonly accepted test of that day, which Priestley 
was very familiar with, to test the goodness of common 
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air. Lavoisier, it would seem, had no mental hurdle 
to leap. If he had been following Priestley’s lead he 
should have regarded this gas as nitrous oxide, not 
pure common air. There is no shred of evidence that 
he ever so regarded it! What it took Priestley six 
painful months to discover from the time of his first 
experiment in August, 1774, Lavoisier discovered in the 
course of a day or two. Why did it take Priestley 
so long to come to this inescapable conclusion while 
Lavoisier arrived there immediately? Probably because 
Priestley had one sort of preconceived notion and 
Lavoisier another. 

When Lavoisier saw that a candle burned in the gas 
his agile mind must have leapt ahead many strides. 
Things began to fall in place in an orderly manner. 
The gas was pure common air—nothing else would 
fit his theory and this discovery clinched the theory. 
When the calx was heated with charcoal he got fixed 
air; when heated alone, pure common air. The rela- 
tion of fixed air to combustion was explained; he wrote, 
“From the fact that common air changes to fixed air 
when combined with charcoal it would seem natural 
to conclude that fixed air is nothing but a combination 
of common air and phlogiston [carbon ].” 

It must have been a thrilling moment in Lavoisier’s 
career when the solution to his problem wawned on 
him during the course of these few days in late February 
and early March. Yet, in his rather cryptic and pre- 
cise writings he seldom expresses such feelings, as 
Priestley so delightfully and frequently does. 

There is further evidence that Lavoisier was com- 
pletely satisfied with the answer he had obtained. He 
seems not even to have bothered to test the gas with a 
live anima!—which Priestley was doing continuously, 
to discover that the animal lived far longer in this gas 
than in common air. Finally, on March 31 after he 
had prepared his memoir, and seemingly as an after- 
thought or as a more convincing test, Lavoisier did 
place a bird in the gas, but apparently was satisfied 
when the bird lived and went no further to find out how 
long it would live. 

The question arises, at what point did Lavoisier 
finally recognize the similarity of Priestley’s earlier 
experiments, described in Paris, to his? The evidence 
seems quite clear on this matter. He did not recognize 
any similarity at least until he had performed the 
experiment on February 28 and had obtained a gas in 
which a candle burned. Up to that point he had ex- 
pected to get fixed air; he was relying on Bayen and 
his own preconceived notion. If he recognized the 
similarity when he found that a candle burned in the 
gas he apparently devoted little time or thought to 
Priestley’s conclusions, because he immediately applied 
the test for common air. The evidence supports the 
conclusion that the similarity struck him only after he 
had found his own answer to his own problems. When 
it did strike him, and if he were fully aware of what 
Priestley had said about the nature of the gas, then he 
must have realized that he had corrected Priestley’s 
error. He had also corrected Bayen’s error. He was 






































































not responsible to anybody for his results. The fact 
that he had come to use the calx of mercury for his work 
was important—very important—for this was the one 
substance with which he could—and did—-prove his 


point. But he owed no particular credit to Priestley 
for this. Many people had worked with this sub- 
stance. He had used it in an experiment quite different 


from Priestley’s and had certainly come to different 
conclusions. There is no reason to suppose that 
Laviosier felt indebted to Priestley. There is no reason 
to assume that Priestley had any influence on Lavoisier’s 
work in the second phase of the revolution. The 
controversy appears to be one of those surprising, yet 
frequent, coincidences in timing. 

Perhaps Lavoisier could have avoided criticism from 
Priestley and others by failing to mention the fact that 
he had attempted to repeat Priestley’s experiment in 
November. This was the statement which Priestley 
seized upon in his complaints. If it had no bearing 
on his later work and was, indeed, a failure, mention 
of it could well have been omitted. On the other hand, 
Lavoisier was anxious to link his new work back to his 
old and probably threw this mention in as such a link. 
He did not know, of course, that Priestley would have 
corrected his own error in the meantime. Had he 
known the storm he would create, he certainly would 
have handled the matter otherwise. Certainly it was 
no attempt to cover up or play a clever game. 

Yet, Lavoisier never attempted to answer Priestley’s 
charges. Actually there was nothing tangible to 
answer. Priestley had talked about his work in Paris, 
there was no denying that. But what Priestley had 
said and what Lavoisier found out were two different 
things. Furthermore, the one did not lead to the 
other, as Priestley imagined, but there was no- way of 
making this clear except as the evidence spoke for it- 
self. Lavoisier must have had a clear conscience and 
the feeling that little weight could be attached to the 
complaint. It is, of course, also true that the matter 
of giving credit in scientific work had not at that time 
become established as it is today. 

Lavoisier even made claim in a mild way as a co- 
discoverer of oxygen. ‘This gas which.Mr. Priestley, 
Mr. Scheele, and I discovered at about the same time.” 
This claim, rightly denied by history, is sometimes used 
as a further instance of Lavoisier’s avaricious nature. 
It has another, more valid, interpretation. If Lavoi- 
sier arrived at his conclusions of March, 1775, independ- 
ently of Priestley’s help as he seems to have done, he 
had every right to press a claim as co-discoverer with a 
clear conscience. The very fact that he asserted it 
is further evidence of no conscious reliance on 
Priestley. 

However, his claim has been denied because, unlike 
Priestley, he did not make a careful and exhaustive 
study of this gas to discover that it was “fa: better” 
than common air. He was satisfied to regard it as 
“pure” atmospheric air. By this he obviously meant 
that the various impurities and contaminants of com- 
mon air had been removed. He fell into the trap of 


assuming that the principle which combines with 


metals on calcination and increases their weight was the 


whole of the atmospheric air. Yet, earlier he talked 
about the “acid part”? which combines with metals, 

To understand Lavoisier’s failure here it is necessary 
to try to look at the matter as he must have then seen it. 
In the first place, he must have been so delighted to 
discover that mercury precipitate released a gas which 
supported combustion, and that he therefore had found 
the substantial answer to his complex problem, that he 
was eager to publish the results at once. As far as he 
was concerned his conceptual scheme was now com- 
plete. Asa matter of fact, it was! The modern principle 
of combustion could stand alone on this discovery. 

Lavoisier’s preconceived ideas prevented him from 
going further. In a sense, his mind was on one track 
and could not make the necessary switch. With 
Priestley, it was a different matter. He was working 
with gases and, as he so often tells us, had no precon- 
ceived ideas and no particular motives. He was ex- 
ploring all possible areas and depths. Looking back- 
ward, it is easy to be critical of Lavoisier’s failure here; 
it is equally easy to understand from his point of view, 
looking forward, why he failed. 

When Lavoisier read of what Priestley had actually 
discovered, he shortly came to the realization that his 
own work was incomplete. He then began a series of 
careful experiments on the gas to discover, as Priestley 
had, that the gas was “far better” than common air. 
In this, the third phase, he privately gives Priestley 
credit for assistance in a number of places. However, 
Lavoisier’s interpretations of Priestley’s work led him 
shortly to the discovery of the true composition of the 
atmosphere, which Priestley never recognized or 
accepted. In President Conant’s recent book, ‘The 
Growth of the Experimental Sciences (8),’’ appears 
a most interesting comparison of Lavoisier’s memoir 
of 1775 as first published and as later altered and pub- 
lished in 1778, in the light of Priestley’s discoveries and 
Lavoisier’s further advances. Both interesting and 
significant is the fact that Lavoisier could, with so few 
changes in the original Memoir, bring it up to date to 
include his later findings based on Priestley’s discovery 
and his own further work. 

But the very fact that this Memoir was published 
twice has, until recently, been a source of great confu- 
sion to historians. As is often the case, the publication 
schedule of the Academy was far behind the actual 
presentation of papers, so much so that the Academy’s 


Memoires for 1774 and 1775 were actually not pub j 


lished until 1778. Thus, ‘Lavoisier had nearly three 
years in which to study the problem further, conduct 
additional experiments, and revise both his thinking 
and his writing. He made use of the time by repeating 
much of Priestley’s work and frequently mentions this 
in his journal in such passages as “‘l’air dephlogistique 
de M. Prisley.”” As McKie says, “Lavoisier’s debt 
to Priestley is very evident here; for it was undoubt- 
edly through these repetitions that he was led to revise 
his memoirs of 1774-75....” 
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Earlier historians, however, who seemed to be not 
aware of this lag in publication assumed that the final 
memoir was the one read at Easter time in 1775 and 
published shortly thereafter in Rozier’s journal, 
Observations. On this assumption the case might look 
quite different to an historian. It might in effect 
greatly strengthen Priestley’s claim of virtual piracy 
by Lavoisier. Here were two men seemingly coming 
out with conclusions remarkably alike at about the same 
time, and it was known that the one had told the other 
about the early progress of his work. Just how Lavoi- 
sier could have found out what Priestley’s final results 
were and have acted upon this information so promptly 
is not, of course, explained; but the circumstantial 
evidence pointed strongly toward the appropriation 
of Priestley’s results by - Lavoisier. Incidentally, 
Priestley, himself, did not seem to realize that Lavoi- 
sier’s first findings were more limited than his own for 
he wrote, “‘... and [he] presently found what I have 
called dephlogisticated air.” Actually, Lavoisier had 
not “found” dephlogisticated air but, rather, what he 
then regarded as pure common air. 

However, when both the original and the revised 
memoirs are spaced in their now known sequence the 
case assumes a new significance, and it becomes clear 
that Lavoisier had gained nothing from conversation 
with Priestley but that he later gained a great deal from 
reading about Priestley’s final results. It is here, in 
the third phase, that Lavoisier should have acknowl- 
edged publicly (as he did in private) his debt to Priestley. 
That he did not see fit to do so is unfortunate. It would 
probably have eliminated Priestley’s complaints; at 
least it would have limited them to that area of the 
controversy where they belong. It is not easy to for- 
give Lavoisier for this oversight. One can choose to 
believe that he felt that he was dealing mainly with the 
principle which combines with metals and not with the 
discovery of a new gas, that Priestley’s findings were 
already public property by publication and were there- 
fore known to his scientific contemporaries anyway. 
This but strengthens the case for some public acknowl- 
edgment. The fact remains that this principle which 
combined with metals was identical with Priestley’s 
new gas. We can but suppose that having gone as far 
as he did alone, having established the essential facts 
of his new conceptual scheme, he was determined to 
carry it to completion alone and thus bring to full 
fruition the revolution in science which he, alone, 
actually foresaw in 1773 when he wrote: “The impor- 
tance of the end in view prompted me to undertake all 
this work, which seemed to me destined to bring about a 
revolution in physics and chemistry.” 

Nevertheless, Lavoisier’s failure, in the third phase, 
to recognize his indebtedness to Priestley does not alter 
the case for the second phase and in view of the evi- 
dence it seems right to conclude that Lavoisier carried 
through the second phase of the revolution without 
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reliance on Priestley. The October conversations 
between the two scientists in Paris form an interesting 
historical episode, but little more. They certainly 
do not have the significance so often attached to them. 
Lavoisier got no usable clue from Priestley, made no 
use of Priestley’s work in bolstering his own. The 
most that can be said is that Lavoisier’s attention was 
directed toward the calx of mercury as an interesting 
substance to experiment with. Eventually this sub- 
stance proved more than interesting; it was vital— 
the material par-excellence with which Lavoisier could, 
and did, prove his point. But it was not Priestiey who 
pointed this out. 

Although there is a tendency to side-step the issue, 
most writers are still inclined to feel, in the absence of 
careful step-wise analysis, that what Priestley told 
Lavoisier in Paris in October, 1774, became a significant 
factor in guiding Lavoisier to his subsequent discovery. 
The confusion is understandable but the evidence lends 
no support to such a view. Lavoisier must not be for- 
ever damned because of some pleasant and stimulating 
conversations with Priestley in Paris. If Priestley 
had never visited Paris, or had never talked about his 
unfinished business in science—a highly unlikely thing 
for Priestley incidentally—the outcome of Lavoisier’s 
work in the spring of 1775 would in all probability have 
been the same, with some possible variation in timing. 
Both men were great scientists, but just as Lavoisier 
deserves no claim to the discovery of oxygen, so, 
Priestley deserves no share in the second phase of the 
revolution which resulted in the substantial establish- 
ment of Lavoisier’s conceptual scheme. This phase 
as well as the firstf was Lavoisier’s, and his only. 
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STRUCTURAL AND PHYSICO-CHEMICAL PROPERTIES OF SOAPS AND 
DETERGENT MATERIALS! 


Execrron microscope and X-ray diffraction studies of soap 
crystals, carried on at the National Bureau of Standards, have 
revealed characteristic features for each type of soap molecule 
that can be used for its identification and analysis. The electron 
microscope also indicates the individual soap forms that are pres- 
ent in a mixture such as a commercial soap prepared from mixed 
fats or oils; this is not always possible with the X-ray spectrome- 
ter because of the nature of the diffraction patterns obtained. 
When considered in conjunction with physico-chemical measure- 
ments of aqueous soap solutions, these data offer an explanation 
of the mechanical process of cleansing, and at the same time sug- 
gest a basis for evaluating the cleansing power of the different 
types of soap. 

Although soaps and other kinds of cleaning materials have 
been in common use for centuries, there are no universally accepted 
quantitative methods for determining their washing or cleansing 
power. Considerable data are available in the literature on the 
structural and phase* behavior of pure alkali soaps in the solid 
state, as well as on the physico-chemical characteristics of their 
aqueous solutions. Soaps and the newer synthetic soapless de- 
tergents, however, are in many cases bought only on the basis of 
appearance and texture; the quantity of suds they produce; and, 
with some critical purchasers, their action on the skin and hands. 
The present investigation was conducted by Gopal S. Hattiangdi, 
in cooperation with members of the Surface Chemistry and the 
Constitution and Microstructure Laboratories at the National 
Bureau of Standards, to apply some of the newer scientific tech- 
niques to the problem. 

Commercial soaps contain, for the most part, the sodium or 
potassium salts of the higher fatty acids. Small amounts of in- 
organic salts, organic compounds, and other additives may also 
be present to enhance some special property of the product. 
The synthetic detergents, on the other hand, are mostly soapless 


compounds obtained by the sulfonation, sulfation, or similar 


treatment of various types ‘of organic molecules. A total of 30 
typical commercial soaps (toilet, medicated, glycerin, coco, wash- 
ing or laundry, and shaving varieties) and six popular synthetic 
soapless detergents were included in the investigation. In addi- 
tion, for electron microscope and X-ray diffraction studies, several 
pure soaps were prepared directly from their fatty acids. 

The differences in structural arrangements between soaps and 
between soap phases may be determined by examining surface 
details. Several previous investigators have used the polarizing 
microscope at about 200 to 400 magnifications as a valuable ad- 
junct to visual observations. The electron microscope, with its 
high resolving power (approx. 100 A.), has been used with con- 
siderable success in recent years to examine the surface details 
and structure of a variety of systems and, in conjunction with the 
metallic-shadowing technique, yields additional significant in- 
formation. The approach to the present study by Hattiangdi 
and Max Swerdlow was to obtain first the morphological differ- 
ences between several pure alkali soaps and then to examine the 
possibility of characterizing commercial soaps on the basis of 
these observations.* 

The most characteristic feature of the electron micrographs 
for the pure soap is an interlocked mesh of fiber bundles of vary- 
ing diameters and different degrees of twist but with a general 
tendency toward retaining both a criss-cross and a parallel struc- 


1 Reprinted from ‘Technical Report 1368” of the National 
Bureau of Standards. 

2 A phase is defined as any portion of a system which is homo- 
geneous throughout, which is bounded by a surface, and which 
may be mechanically separated from the other portions or phases. 

3 For further technical details see Hartranap1, Gopat S., AND 
Max Swerp.ow, “Characterization of alkali soaps by electron 
microscopy,” J. Research Nat. Bur.-Standards, 42, 343 (1949), 
RP1973. 
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ture. The diameters of the soap fibers depend upon the nature 
of the soap, concentration, rate of crystallization, and other fac. 
tors. Consequently no measurements and interpretations in 
terms of absolute units were made. An attempt has been made, 
however, to represent schematically the growth of fibers and fiber 
bundles in terms of molecular packing. Packing of the soap 
molecules end to end, probably a minimum of ten, determines 
the “width” of the fibers. The association of the soap molecules 
in a direction perpendicular to the long axis of the soap molecules 
but in the plane of the hydrocarbon chains takes place almost 
indefinitely and results in the ‘length’ of the soap fiber. The 
“height,” or “thickness,” of the fiber depends upon the number of 
soap molecules packed in a direction perpendicular to the plane 
of the carbon atoms but parallel to the long axis of the soap 
molecules. 

Another outstanding characteristic revealed by the electron 
microscope is that each pure soap exhibits unique and distinct 
features, such as a curdy mass, an octopan mass, or filamentous, 
hairy, frond-like, or sheaf-like formations. These are probably 
the result of a type of structural unit, such as a micellar grouping 
within the soap fibers, and are related to the mosaic structure of 
the crystal surfaces or to the crystal structure of the individual 
soap phases. Whatever the interpretation, these patterns serve 
as excellent guides for a quick characterization of the pure alkali 
soaps and for the identification of the components of commercial 
soaps of unknown composition. Thus, electron micrographs 
for the toilet soaps reveal distinct forms for both sodium palmi- 
tate and sodium oleate. The shaving soaps are characterized by 
forms typical of sodium palmitate. The laundry (washing) 
soaps exhibit forms that cannot be definitely identified with 
those for any of the pure soaps investigated. 

X-ray diffraction patterns were also obtained‘ with a Geiger- 
Miller X-ray spectrometer in order to determine the molecular 
arrangements or phases present in commercial soaps. When a 
beam of X-rays is directed at a glancing angle against a soap sur- 
face most of it is reflected at the same angle, but a few rays are 
diffracted at other angles. The intensity of the diffracted X- 
rays as a function of the angle at which they occur depends upon 
the manner in which the soap molecules are arranged. The im- 
pulses on the Geiger tube were transmitted to a strip-chart po- 
tentiometer so that the desired data were recorded automatically. 

A crystalline soap phase, well developed in three dimensions 
(a, b, and c axes), exhibits a sharp, rather intense long spacing and 
several short spacings, which are well defined and lead to sharp 
peaks in the X-ray diffraction pattern. The sharpness of the 
long and short spacings observed for the various commercial soap 
patterns therefore indicates that they are all crystalline. X-ray 
diffraction data have also been used to identify the various phases 
present in the commercial soaps on the basis of published values 
of both the long and short spacings for numerous phases of pure 
sodium laurate, myristate, palmitate, stearate, and oleate. The 
approximate degree of hydration, based on water (moisture) 
content, has been computed for the various soaps. 

The X-ray diffraction data can be further used to depict the 
nature of molecular packing in soap crystals. This may be 
stated briefly as being an end-to-end packing of the soap mole- 
cules, the perpendicular distance between two consecutive layers 
of the polar heads (containing the cation) being the observed 
value of the long spacing. The distance between hydrocarbon 
chains of the soap molecules is evidenced as the strong short 
spacing peak around 4.1 Shorter distances, such as those 
between carbon atoms in a given soap molecule, may be computed 
from the values of the relatively weak short spacings exhibited 
in the region of 2.5 The packing usually takes place with the 


4 Hattranept, Gospat §S., “Characterization of some commer- 
cial soaps by x-ray diffraction,” J. Research Nat. Bur. Standards, 
42, 331 (1949), RP1972. 
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3 TABLE 1 
Phases Identified in Commercial Soaps as Revealed by 


moles of ‘ 
Phases water 


Mostly beta sodium palmi- 
tate; some omega sodium 
oleate .5 to 
Same as above .5 to 
Indefinite ndefinite 
Omega sodium laurate and 
ium myristate 2 
Omega phase; soap indefinite Indefinite 
2 or more phases of sodium 
palmitate 1 











soap molecules slightly tilted and the angle of tilt, 8, can be de- 
termined because the true length of the molecules can be calcu- 
lated from known values of bond angles, bond distances, and 
atomic radii, The value of 6 varies from soap to soap and also 
from one phase state to another. 

Analyses by X-ray diffraction do not always distinguish the 
components of a binary system because, first, a single value of the 
long spacing may be interpreted as being caused either by a single 
constituent or by an average of values for two or more distinct 
forms (two or more separate phases of the same soap or of differ- 
ent soaps); and, second, the short spacing values for two indi- 
vidual soaps or soap phases are unique, but when they are present 
together the peaks may overlap and their resolution becomes 
difficult and sometimes questionable. On the other hand, ob- 
servations by electron microscopy are in excellent agreement 
with chemical analyses, and in such cases prove to be more rapid 
and accurate than X-ray diffraction techniques. 

As a third phase of this investigation, the physico-chemical 
properties of solutions of commercial soaps and detergent mate- 
tials were examined in cooperation with W. W. Walton and J. I. 
Hoffman for the purpose of interrelating the colloid-chemical 
nature of the solutions to the phase nature of the solids.’ Hence, 
data were obtained on the electrical conductivity, surface ten- 
sion, pH, opacity, and rate of growth of foam, of aqueous solu- 
tions of numerous soaps and detergent materials. Some quali- 





5’ Harrranep1, Gopat S., Wint1am W. Watton ANp James I. 
HorrMaNn, ‘Some physical chemical properties of aqueous solu- 
tions of soaps and soapless detergents,” J. Research Nat. Bur. 
Standards, 42, 361 (1949), RP1974. 
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tative observations were also made on the physical behavior of 
the soaps. Thus, the hardness of the soaps, as observed arbi- 
trarily, decreases in the order toilet—medicated—laundry—shav- 
ing, whereas the percentage of soap rubbed off the bar in use in 
water is, qualitatively, shaving—toilet—laundry. On standing in 
water, the toilet and shaving soaps swell and disintegrate, whereas 
the laundry soaps crack somewhat with little or no swelling. 

In most cases, there is no great difference in the value of any 
of the physico-chemical properties for products in any given type 
of soap as, for example, toilet, coco, or glycerin. X-ray diffrac- 
tion data and observations by electron microscopy indicate fur- 
ther that the molecular arrangements and surface features (phase 
nature) of these products are very similar. A correlation be- 
tween the two thus seems reasonable but has not been attempted 
quantitatively in the present investigation, mainly for lack of 
specific details regarding the composition of the products and the 
various mechanical, thermal, and other treatments received dur- 
ing the manufacturing process. 

On plotting the values for each property against the soap con- 
tent in various solutions, discontinuities are obtained iz otherwise 
smooth and regular curves. The discontinuities occur in two 
general regions, at approximately 0.1 to 0.2 per cent and 2 to 2.5 
per cent of soap. That in the lower concentration is brought 
about by the formation of a single layer of the soap molecules on 
the surface, whereas that in the higher region indicates the for- 
mation of soap micelles (ionic micelles) with single or multiple 
charges. The almost steady values of conductivity and surface 
tension obtained beyond this higher concentration indicate that 
both the surface and the interior of the system are saturated with 
respect to the charged micelles. 

The synthetic detergents, on the other hand, are characterized 
by their ready solubility in cold water. Solutions of these mate- 
rials may be either acidic or alkaline and have an almost constant 
value of conductivity and surface tension at high concentrations, 
and extremely low and constant values of opacity at lower con- 
centrations. ‘ 

On the basis of colloid-chemical concepts, an efficient cleansing 
compound should have a low surface tension, a relatively high 
electrical charge, and ability to form colloidal micelles at low 
concentration, a property that facilitates solubilization. When 
the physico-chemical data for solutions of soaps and synthetic 
detergent materials are considered together, it is seen that 
greater surface activity and an optimum degree of micelle for- 
mation, both in number and in size , are obtained with dilute 
solutions of synthetic detergents and concentrated solutions of 
the soaps. Consequently, cleansing should be achieved better 
and more economically by using soap solutions of relatively high 
concentrations and synthetic detergent solutions in the lower 
concentration region. 





TABLE 2 
Physicochemical Properties of Soap Solutions 











conductance, Surface 


—Concentration = 2.5% Soap—— ——~ 
Electrical my Rate of growth of 
lett i 


foam, time in 


Major mhos/cc. tension, scale seconds per 100 
Type constituents xX 10-4 dynes/cm, pH divisions divided rise 





Toilet Sodium palmitate 27.24 32.00 10.04 390 19 


Sodium oleate 


Medicated Sodium palmitate 27.39 32.90 10.07 200 23 


Sodium oleate 


Glycerin Indefinite 31.06 34.35 ° 10.00 190 19 
Coco Sodium laurate 27.30 28.45 9.17 2 19 


Sodium myristate 
Laundry (washing) Indefinite 


43.48 33.04 10.16 46 20 


Shaving Sodium palmitate 2 or more 28.12 34.20 10.04 660 30 


‘ 








GRADUATE APPOINTMENTS IN CHEMISTRY 
AND CHEMICAL ENGINEERING oe 


Moscc 


Institute 
nolog) 





i vg 8 





Bryn Mawr College, Sept. DGS-Mar. 
Bryn Mawr, Pennsyl- Sept. DGS-Mar. 
vania Sept. DGS-Mar. 2nd yr. 
Sept. DGS-Mar. shone 
Sept. DGS-Mar. *Depending on quai 


. fications 
Sept. DGS-Mar. 2nd yr. 


The Catholic Univer- Sept. HDC “eae ‘ 
sity of America, Sept. - HDC as Bethl 
Washington, D. C. Sept. HDC ae me 


University of Chicago, July—Oct. HDC-Mar. 
Chicago, 37, lilinois July-Oct. | HDC-—Mar. 
July—Oct. HDC-Mar. 

July—Oct. HDC-Mar. 

July—Oct. HDC-Mar. 

July—Oct. HDC-Mar. 

July-Oct. | HDC-Mar. 

July-Oct. © HDC-—Mar. 





vania 





*Organic chem. 
*Nuclear chem. 


PD, R, Org. chem. 
PD, R, Nuclear chem 


eee et et et 





University of Cincinnati, ? July-Oct. Director 
Cincinnati, Ohio Applied Sci. 
Research 
Lab. 


Cornell University, 1000 . HDC-Mar. 1 
Ithaca, New York 


University of Detroit, 115/m ‘ DCD-Mar.1 Usually 2 academic yr. 
4133 West McNichols, needed to complete 
Detroit, Michigan M.S. 


Harvard University, 12 1600 is Also positions requiring 
Oxford Steet, Cam- less work and paying 
bridge, Massachusetts correspondingly less 

500-1000 aie University scholarships, 
sometimes a teaching 
fellowship 

1200-2400 0 ‘dia Industrial fellowship 














Haverford College, 2? 850 ¢ 0 : May work toward MS. 
Haverford, Pennsyl- 
vania 





KEY TO THE TABLE 


Unless otherwise stated the positions listed in the table are 5. Maximum hours per week of teaching or other service re- 
available only to those who can qualify for admission to the quired. Fractions indicate ‘‘proportion of time’’ e- 
graduate school of the particular institution. pected for such service. 

Omissions in the table occur when the information is lacking; . Status of tuition, etc. T and F indicate that tuition (or 
question marks indicate ambiguity or uncertainty. fees) are remitted. —T (or —F) indicates that tuition 

It should be realized that some institutions have not announced (or fees) must be paid out of the stipend. S indicates 
all their fellowships, some of which may be available only to their that additional amounts are provided for supplies. 
own students. . Date when appointment takes effect (generally with the 

The columns in the table are used as follows: beginning of the next academic year). 

1. Name and address of the institution. . Address for additional information or for making applics- 

2. Number and designation of positions. S =  scholar- tion. HDC = head of chemistry department; DGS = 

ship. A = assistantship; F = fellowship; T = teach- dean of graduate school. A date indicates the closing 
ing; R = research; G = general, open to students in of applications. ; a 
other fields than chemistry or chemical engineering. . Supplemental remarks. Special qualifications and limi- 

3. Stiper 1, in dollars per year, unless otherwise stated (m = tations are given here. R indicates that the field of the 

per month; s = persemester; h = per hour). appointment (or of the research to be carried out) is re- 

4, Length of appointment or servicein months. Ifnotstated, stricted, and the limitation may be indicated. M = 

the ‘academic year” (9 months) isassumed. s = semes- limited to men; W = limited to women; D = for Ph.D. 
ter. candidates only; PD = postdoctoral. 











8 





University of Idaho, 
Moscow, Idaho 


HDC-May 





Institute of Gas Tech- 
nology, 3300 S. Fed- 
eral, Chicago, Illinois 


Director Mar. 
15 


*2-yr. appointments. A 
3-mo. summer em- 
ployment with pay 





—— 


Iowa State College, 
Ames, Iowa 


DGS 
DGS 
DGS 
DGS 


Additional stipends avail- 
able summers 
Some winter openings 





University of Kentucky, 
Lexington, Kentucky 


DGS 
HDC 





Lehigh University, 
Bethlehem, Pennsyl- 
vania 


HDC-Mar. 
HDC-Mar. 
HDC-Mar. 
HDC-Mar. 


HDC-Mar. 
HDC-Mar. 


HDC-Mar. 
HDC-Mar. 


For GI’s 

Stipends vary with ap- 
pointee’s qualifications 
and time assigned to 
projects 

*Stipend may be sup- 
plemented by free T 

{Stipend may be supple- 
mented by free T 

*1/, time on research. 
R, Inorganic 

*1/, time on research. 
R, Physical 

*Stipend may be supple- 
mented by _ tuition 
grant, R, Chem. Eng. 
only 





Massachusetts Institute 
tute of Technology, 
Cambridge, Massa- 
chusetts 


20TF 
oF 
1F 


HDC-Feb. 
HDC-Feb. 
HDC-Feb. 





University of Minnesota, 
Minneapolis, Minne- 
sota 


78TA 
12TA* 
1F 

4F 


2F 
1F 


3F 
2F 
1F 


1F 


1F 


Exempt 
Exempt 
Not over 
200 
Not over 


Exempt 

Not over 
500 

1000 for T 
andS 

600 for T 
andS 

T plus 300 
8 


1500 for use 
of depart- 
ment 

1000 for 
use of de- 
partment 


CD-—Mar. 
CD-Mar. 
CD-Mar. 
CD-Mar. 


CD-Mar. 
CD-Mar. 


CD-Mar. 
CD-Mar. 1 
CD-Mar. 1 


CD-Mar. 1 


CD-Mar, 1 


*Chem. Eng. 


2 in Chem. Eng. 


1 in Chem. Eng. 
1800 if married 


1in Chem. Eng. 1800 if 
married 


1 in Chem. Eng. 1800 
if nyarried 


PD 


PD 





Northwestern Univer- 
sity, Evanston, Illi- 
nois 


32TA 1050 
9RA 975 


25RF 1000-1800 


1F 400 


T-F 
T-FS 
T-FS 
T-—F 


HDC-Feb. 15 
HDC-Feb. 15 
HDC-Feb. 15 
HDC-Feb. 15 


Appointments renewable 


Tutorial fellowship 





University of Pittsburgh, 
Pittsburgh, Pennsyl- 
vania 


35TA 1200 


180 


Any time 


*16 lst yr., 12 thereafter 

Exceptional perform- 
ance. RF paying 
1200-1500 with no 
teaching required 








JOURNAL OF CHEMICAL EDUCATION 





1 


2 3 8 9 





Oregon State College, 
Eugene, Oregon 


8TA 800 ‘ HDC-Mar!1 No charge for chemical 
and supplies 

10TA 900 HDC-Mar.1 No charge for chemical] 
and supplies 

15TF 1000 : HDC-Mar.1 No charge for chemical 
and supplies 

6TF 1100-1200 HDC-Mar.1 No charge for chemical 
and supplies 

10RF 1200 " HDC-Mar.1 Fellow must work jp 


specified field MINU 





Rice Institute, Houston, 
Texas 


13F 750-850 March bv "| 
4RF 1250-1500 March sik 1m 





University of Rochester, 
Rochester, New York 


‘haiz 

20A 1200 DGS-Mar. Stipend 1000 for 9 mos, ae 
+ 200 for summer rf 

search of 2 mos. ber 2 

18A : DGS-Mar. Stipend 1000 for 9 mos, Th 
+ 200 for summer re repor 

search of 2 mos. after yrer’s 

be \ft 

DGS-Mar. Stipend 1000 for 9 mos, ° 
+ 200 for summer re. made 
search of 2 mos. after Divis 


2 yr. on ha 





Rutgers University, 
New Brunswick, New 
Jersey 


DSC-Mar. at the F 
DSC-Mar. Research in pure science | TION, 
material used for MS. the a 
or Ph.D. thesis tion | 

DSC-Mar. Research in pure science, : 
material used for MS. whic! 
or Ph.D. thesis Mi 
DGS-Mar. Research in pure science,™# Divis 
: material used for MS.§ Jour 


; or Ph.D. thesis Ch 
DSC-Mar. Research in pure science, 


material used for M$. Bran 
or Ph.D. thesis the | 





University of Southern 
California, Los Ange- 
les, California 


800 Free for 8 Sept.Feb. April All adjusted to lowe Che? 

units service and compensa- Cher 
1000 Free for 8 Sept.—Feb. April tion if so preferred by that 

units candidate recor 
1800 16 per unit Sept._Feb. Variable 
1500 16 per unit Sept. Variable 
1250 Free Sept. Variable lar g 


tion 





University of Tennessee, 
Knoxville, Tennessee 


M 
1000 TF Sept. HDC a, 
1000-1500 TF Sept. HDC ae ' 
1200 TF Sept. HDC aS to a 





Wayne University, De- 
troit, Michigan 


of th 
13/2-21/2h —TFS Sept.-Feb. HDC fc ad 
1000 TFS Sept.-Feb. HDC 3S ae 
1450 TFS Sept.-Feb. HDC Not for Ist yr. eratl 
1200-1800 —TFS Sept._Feb. HDC Not for Ist yr. the 
2160 —TFS Sept.Feb. HDC Not for 1st yr. to ay 





Wesleyan University, 
Middletown, Con- 
necticut 


600s T Sept. HDC ae Test 
600s T Sept. HDC pte catic 
| elude 





Williams College, Wil- 
liamstown, Massachu- 
setts 


1200 * Sept. HDC . a, 4 
1e 


year 


Tl 








of L 
Nick 


For ¢ 
For (¢ 


For § 
WANA 0 


yes 


or MS, 


science, 
or MS, 


3 


science, 


or MS. 


science, 
or MS. 


lower 
apensa- 
rred by 


DIVISION OF CHEMICAL EDUCATION 


MINUTES OF THE BUSINESS MEETING 


The business meeting was called to order by the 
Chairman, D. O. Nicholson, at the close of the last 
session of the Division on Thursday morning, Septem- 
ber 22. 

The treasurer’s report, accompanied by the auditor’s 
report, was read and approved. A copy of the treas- 
urer’s report accompanies the present report. 

After hearing the treasurer’s report, a motion was 
made and passed that the Executive Committee of the 
Division be instructed to study the total present smount 
on hand, received as the Division’s share of returns from 
the publication of the JourNAaL or CHEemicaL Epvuca- 
TION, and suggest or submit a recommendation as to 
the amount to be set aside as a backlog for the publica- 
tion of the JouRNAL oF CHEMICAL EpucaTION in years 
which may become “‘lean.”’ 

Motion was made and passed that the By-laws of the 
Division, as published in the July, 1949, issue of the 
JOURNAL OF CHEMICAL EpucaTIon, be adopted. 

Chairman Nicholson read a letter from Dr. L. Reed 
Brantley of Occidental College in California, indicating 
the desire of the Pacific Southwest Association of 
Chemistry Teachers to affiliate with the Division of 
Chemical Education. Motion was made and passed 
that a Committee be appointed to study and make 
recommendations to the Division of Chemical Educa- 
tion relative to affiliation of this Association and simi- 
lar groups, with the Division of Chemical Education. 

Motion was made and passed, endorsing the sugges- 
tion of the Executive Committee of the Division relative 
to a request for an appropriation from the Committee 
of the Council on Education for financial assistance in 
the construction of American Chemical Society Coop- 
erative Tests. The motion included the suggestion that 
the Committee of the Council on Education be asked 
to appropriate to the Committee on Examinations and 
Tests a sum equal to the funds advanced by the Edu- 
cational Testing Service for this purpose. Also, in- 

lcluded in the motion was the suggestion that the 

amount thus to be appropriated by the Committee of 
the Council on Education is not to exceed $1000 per 
year for each of the next three years. 

The report of the nominating committee (comprised 
of L. L. Quill and J. C. Bailar) was read by Chairman 
Nicholson. The following nominations were made. 


For Chairman O. C. Dermer, Oklahoma A. and M. College 
For Chairman-elect J. A. Campbell of Oberlin College | 
For Secretary (and | 

Councilor for two ~ 


years) Paul H. Fall of Hiram College 


OF THE AMERICAN CHEMICAL SOCIETY 
116th Meeting, Atlantic City, New Jersey 


For Member-at- 


Large J. M. Holbert of University of Chattanooga 


A motion was made and passed that the nominations 
be closed and that the secretary cast a unanimous 
ballot for the election of the above-named nominees as 
officers. This was done. 

Referring to Paper No. 54, by R. K. Summerbell, on 
“Proposed codes for hiring assistants’ on the program 
just preceding the business session, a motion was made 
and passed that the Chairman appoint a committee to 
study the suggestions made in this paper and bring in a 
recommendation to the Executive Committee. 

Meeting adjourned. 

Paut H. Faun, Secretary 


REPORT OF TREASURER, SEPTEMBER 1, 1949 


Receipts: 

Balance September 1, 1948 

Dues, 637 members 

Dues paid in advance 

Interest on bank account 

Interest on U. S. Bonds 

From Chemical Publishing Co 
Total Receipts 


Expenditures: 


A. C. S. News Service—Abstracts 
C. E. White—Student Breakfast guests.......... 
E. C. Weaver—High-School Committee 
Postmaster, College Park—Stamps 
B. J. Gross—Sending dues notices 
Paul Fall, Secretary Allotment 
A. C. 8. News Service—Abstracts 
Paul Fall—Notices 
A. C. 8. News Service—Receipt cards............ 
Postmaster—College Park—Stamps. . ey 
U. of Md. Press—Envelopes.............. OE 
A. C. 8. News Service—Additional receipt cards. . 
Paul Fall—Notices of Nomenclature Symposium... 
Total Expenditures 
Balance on hand 


Assets are distributed as follows: 


Checking Acct. “Division Chemical Education,” 
Prince Georges Bank and Trust Co., Hyatts- 
ville, Maryland 

Savings Account—Same as above 

U. S. Savings Bonds—Series G (For details see re- 
port September 1, 1948) 


$12,587.42 
637.00 
40.00 
14.95 
282.50 
3,454.32 


$17,016.19 
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$16, 748.75 


$16,748. 75 


Respectfully submitted, 
Cuar.es E. Wurre, Treasurer 





® Actinium 


The first industrial production of the rare radioactive 
element actinium has been made by Boris Pregel, 
President of the International Rare Metals Refinery, 
Inc., 630 Fifth Avenue, New York City. 

Actinium, the last of the natural radioactive elements 
to be isolated in commercial quantities, is about 150 
times as active as radium, making it of the utmost 
value to nuclear physicists in the production of neu- 
trons. Its other special properties also give promise 
of finding many vital uses in industry and medicine. 


e Steel Shelving 


A new style, super strength, higher efficiency, easy- 
to-assemble line of Iron-Grip Steel Shelving is an- 
nounced by Equipto, Division of Aurora Equipment 
Co., Aurora, Illinois. It is designed to carry maximum 
weight loads. 


Weed Control 


Monsanto Chemical Company has put out a set of 
booklets on chemicals and methods for weed control. 


* Coffee-Captan 


Most people will agree that the aroma of roasted 
coffee is, indeed, pleasing to the nostrils. But, con- 
sider what happens when the compound, Coffee- 
Captan, which is the chemical constituent responsible 
for the odor, is in concentrated form—it then has the 
intense odor of scallions. Surprisingly enough, this 
same substance can also be used as a vulcanization 
accelerator intermediate for rubber, a new scent tone 
for perfumes, and as a polymerization agent. 


It is reported that a column of oil can be used in 
place of hardened metal punches for piercing and blank- 
ing silicon steel sheets. The oil can be re-used, while 
worn-out metal punches are worthless. Also, soft 
steel dies may be used, thus cutting costs, 


& Testing of Hydrometers 


To improve the usefulness of hydrometers and to 
facilitate their testing on a uniform basis, the National 
Bureau of Standards has just published a booklet, 
“‘Testing of Hydrometers,” which sets forth desirable 
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features of design and construction. This booklet is 
now available from the U. 8. Government Printing 
Office. 


oe Permanent Gloss Standards 


Permanent gloss standards, covering the entire gloss 
range of nonmetallic commercial materials, are now 
available from the National Bureau of Standards. 
These standards, which may be used to calibrate a 
60-degree specular glossmeter in the range from matte 
to high gloss, are made of ceramic materials for per- 
manence, and the surfaces have been specially chosen 
for similarity to commercial materials whose gloss is 
important. Set of the 60-degree specular gloss stand- 
ards may be ordered from the National Bureau of 
Standards, Washington 25, D. C., for $70 a set. 


* Electronic Device 


A new electronic device, known as “Purifil,” he: 
been announced by the Electric Eye Equipment Com- 
pany of Danville, Illinois, which provides instant de- 
tection of solids suspended in transparent liquids even 
though the impurities be extremely minute. The 
unit can be used to actuate a warning device to in- 
dicate when suspended impurities exceed a limit or 
it can be used to perform any on-off operation that can 
be initiated by a relay. 

The detection device depends upon the ratio of 
scattered light to transmitted light falling on a single 
phototube. Therefore the action is wholly independ- 
ent of the color of the solution and is not affected by 
aging or drift in the phototube, the lamp, or variations 
in the line voltage. Consequently, it does not have to 
be balanced or “‘zeroed.” 


* Rat Repellent 


A means for saving industry several hundred million 
dollars each year by eliminating damage caused by rats 
to packaged foods and other products has been sug- 
gested by Clifford A. Hampel, supervisor of inorganic 
technology at Armour Research Foundation of Illi- 
nois Institute of Technology. 

Some estimates place the annual loss to industry 
caused by rats at more than-a billion dollars. Ware- 
housers assume that they will suffer an average loss of 15 
per cent of the value of stored articles through damage 
caused by rats. It is believed that sodium fluosilicate, 
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properly coated on the outer surface of paperboard 
shipping cartons, would be an effective rat repellent, 
also that it might be applied in the glue lines of the pa- 
perboard, or incorporated in the paperboard itself at the 
time of manufacture of the chip layer and liner sheets. 
The chemical has the advantage of being an irritant and 
repellent to warm-blooded animals, even in small quan- 
tities, but has not been considered a dangerous poison. 

Hampel believes that his studies have pointed up sev- 
eral other possible uses for sodium fluosilicate. He also 
hopes the chemical, or compounds including it, will be 
the answer to the question of how to stop dry-rot fungus 
in building materials made from the coniferous timbers, 
chiefly the type of fungus prevalent in the Gulf Coast 
and Pacific Northwest regions. More than 1'/, 
million tons of insulating board are made from these 
timbers each year. 


é Solvent Safety 


With the cold weather of winter, ventilating ar- 
rangements and other safeguards intended to protect 
workers in solvent-using departments should be re-ex- 
amined. During the summer months, it may be that 
natural ventilation from windows and doors has taken 
care of some of the load of removing solvent vapors. 
With the drop in temperature, this source of ventilation 
will be cut off and other means of vapor removal, such 
as mechanical ventilation, will increase in importance. 
It is therefore desirable to check ventilating systems be- 
fore the winter season to make certain that they are ade- 
quate, functioning properly, and in good repair. 

Respirators, too, should be checked to make certain 
that they are in good condition and ready for use. Wheze 
canister-type respirators are provided, it is important 
to check the service record of the canisters to assure 
that their contents have not outlived their usefulness. 


% Fly-Box 


l'lies that help catch fish are now held by magnets. 
A new fly-box for fishermen, which incorporates a rotat- 
ing G-E Alnico permanent magnet, will hold an an- 
gler’s flies in place in the strongest breeze, yet they can 
easily be removed without damage to wings, hackles, or 
hooks. 

The box is approximately 4 inches square—conven- 
ient for shirt or trouser pocket—and can hold 36 flies. 
It is constructed of durable translucent polystyrene, 
which permits the fisherman to see the flies without 
opening the box. 


E. Electro-Chemography 


Designed for rapid, accurate polarographic analyses, 
anew L & N Type E. Electro-Chemograph features 
one-piece console design incorporating a_ built-in 


Speedomax Recorder. Exceptionally flexible and 
stable, the instrument is convenient for both research 
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and industrial process control laboratories. For fur- 
ther details, write to Leeds & Northrup Company, 
4934 Stenton Avenue, Philadelphia 44, Pennsylvania. 


o Electronic Power Supply 


The Coleman No. 6-054 Electronic Power Supply is a 
voltage-regulating device designed for use with photo- 
metric instruments employing low voltage lamps, or 
other devices requiring a perfectly stabilized source of 
low voltage power. It delivers precisely regulated 
voltage at 6.2, 8.5, and 10.0 volts, a. c. and may be con- 
nected to alternating current of any voltage between 95 
and 135 volts, and any frequency between 55 and 65 
cycles. Its output voltage will remain stable to within 
less than 0.2 per cent even though both input voltage 
and input frequency vary over these wide limits. If the 
input voltage range is restricted to 100-130 volts, the 
Electronic Power Supply may also be at frequencies of 
49.5 to 50.5 cycles. 


Electronic Power Supply 


cd Vapor Pressure Demonstration 


From Fred Y. Herron, of the University of Pitts- 
burgh, comes a suggestion for the well-known demon- 
stration of relative vapor pressures of different liquids. 
Instead of a bent pipette to introduce the liquid into 
the barometer tube, use a glass-plunger syringe with a 
bent hypodermic needle, thus avoiding the inclusion of 
air bubbles. 


® Buffer Solutions 


A new line of buffer solutions for calibrating any 
pH instrument is announced by Leeds &. Northrup 
Co., 4943 Stenton Ave., Philadelphia 44, Pennsylvania. 


© Bulletins 


In the Dow Diamond for August, 1949 (Dow Chemical 
Co., Midland, Michigan) it is interesting to note two 
articles, “Iron Gets Tough” and “Bromine Becomes a 
Life Guard.” 
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Du Pont Magazine for October-November, 1949 
(E. I. du Pont de Nemours Co., Wilmington, Delaware) 
contains an article on ‘“Teflon,” “Tough Guy among 
Plastics.”’ 

The Lever Standard for September, 1949 (Lever 
Brothers Company, Lever House, Cambridge 39, 
Massachusetts) tells of the work which goes into soap 
perfumery in an article, “Perfume Laboratory.” 


* Oscillograph 


A new low-priced, lightweight oscillograph especially 
designed for use in schools, colleges, and industrial lab- 
oratories has been announced by General Electric’s 
Meter and Instrument Division. 

Compact and simple in design, the new Type PM-18 
instrument can easily be operated by inexperienced per- 
sonnel, in the laboratory or in the field. The standard 
model is equipped with two elements, and can be fur- 
nished with three or four if desired. The oscillograph 
uses a new, improved type of galvanometer with bifilar 
suspension which produces high-flux density in the gap. 


a Test Tube Rack 


The pictured test tube rack is designed by Fred Y. 
Herron, of the University of Pittsburgh, and is useful in 
lecture demonstration. 








Demonstration Rack 
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4 Germ-Killer 


A new device that destroys air-borne germs and yi- 
ruses in homes and hospitals has been housed in a light- 
weight plastic case to provide more attractive styling 
and appearance than the metal case formerly used. 
Molded by the General Electric Company’s Plastics 
Division, the case was designed for the Vapor Roll, an 
electrically heated air purifier resembling a small radio. 
It. repels odorless glycol vapor to rid living spaces of 
many types of germs, viruses, and bacteria which cause 
respiratory infections. 


eS Fluorescent Luminaires 


The first complete line of fluorescent luminaires op- 
tically designed for outdoor street and highway lighting 
applications has been announced by General Electric’s 
Lighting and Rectifier Divisions. 

Designated as the ‘‘200 Series,” the new line consists 
of three separately engineered models: (1) The Form 
200 for traffic thoroughfare lighting, (2) the Form 201 
for lighting bridges, viaducts, and airport approaches, 
(3) the Form 202 for tunnel and underpass illumina- 
tion. Each of the new fixtures was designed to provide 
a softly diffused light to improve still further the safety 
and comfort of night driving. 


ca New Apparatus 


The Nucleonic Corporation of America, 499 Union 
Street, Brooklyn 31, New York, has recently announced 
a development of importance in the field of nuclear 
instrumentation—a Radiation Counter which combines 
the functions of a Scaling Unit, a Radiation Survey 
Meter, a Count Rate Meter, and a Contamination 
Detector. The complete unit is extremely versatile. 

An improved type of gamma-ray detection tube, said 
to be five or six times more sensitive than standard 
tubes now used for tracing medicinal isotopes, has been 
announced by the Electronics Division of Sylvania 
Electric Products, Inc. 


* Atomic Alchemists 


Government atomic alchemists are now in regular 
production of a special isotope of mercury, from gold, 
for use in certain physical measurement. ‘“‘It is in- 
structive to note,”’ says Mr. Lilienthal, ‘“‘that we live in 
a time when a good standard of measurement is worth 
more than gold.” 


& Annual Report 


An interesting, readable summary of investigations 
in the physical sciences carried on at the National 
Bureau of Standards during the fiscal year 1948 is 
contained in a 272-page illustrated booklet just pub- 
lished by the Bureau and now available from the U. S. 
Government Printing Office. 
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Proceedings of the 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


TRAINING CHEMISTS FOR BETTER JOBS' 


Asovur 10 years ago, when the starting wage for a 
recent graduate in chemistry with a bachelor’s degree 
was $125 per month, a small group of members of the 
California Section of the A. C. S. began informal 
luncheon meetings to discuss the economic plight of 
chemists, and to try to ascertain the reasons for the 
discrimination between wages paid chemists and those 
paid to janitors, warehousemen, and other manual 
workers, Out of these informal meetings developed a 
special committee of the Section to study the economic 
status of the chemist. Throughout a period of several 
years, with the hearty cooperation of large industrial 
employers of chemists, colleges and universities, and 
the federal government, and stimulated by meetings 
with young chemists, data were assembled on wages paid 
to beginners, to men with graduate degrees, and to those 
with experience, special training, and better-than- 
average qualifications. Finally, out of these studies 
came the conviction that if we were to do something 
about the matter, and not just continue to talk about it, 
we should take some practical step. An employment 
committee was established by the Section to function 
not only as a clearing house between applicants and 
employers but also to assist in bringing about a stand- 
ardization of salaries for different classes of appli- 
cants, and to serve as an information bureau for both 
employers and applicants as to current salary levels, 
opportunities, and conditions here and elsewhere. 
During the six years of its existence personal inter- 
views have been held with many hundreds of chemists, 
from beginners to Ph.D.’s with twenty-five years or 
more of experience. Employers ranging in size from 
those employing a single routine analyst to one of the 
largest flour-milling companies in the United States 
have sought the services of the bureau in personal in- 
terviews. Personnel directors, chief chemists, direc- 
tors of research, vice-presidents in charge of plant pro- 
duction, and many others have participated in these 
interviews. Finally, hundreds of men have secured 
positions as a result, ranging from beginners to chief 
chemists, research men, and teachers of chemistry in 
_ | Presented before the Pacific Southwest Association of Chem- 
istry Teachers at San Francisco, California, November 4, 1949. 





STERLING L. REDMAN 


Redman Division, Central Scientific Company, San 
Francisco, California 


colleges. These men have come from small, medium 
and large colleges and universities, extending from 
Maine to Alabama, and from Virginia to Texas, as 
well as throughout the West Coast. 

Out of the study made by these two committees 
have come several practical though not profound ob- 
servations, which may be stated briefly as follows: 

1. Except in times of war or of unusual prosperity 
amounting to boom periods, the output of chemistry 
majors with bachelor’s degrees considerably exceeds 
the nation’s ability to absorb them—acutely so on the 
West Coast. 

2. Wages paid to beginners fluctuate with the rela- 
tionship between supply and demand for chemists, 
affecting civil service and teaching rates as well as in- 
dustrial salaries. 

3. The lower earning rates bear a relationship to the 
higher and tend to pull the latter down with them in 
slack periods. 

4. As chemical training is set up in the colleges and 
accepted by employers, controls to deal with the situa- 
tion are lacking. 

5. If the chemist is taken care of during his first 
five years out of school, his own ability, along with 
diversification of opportunity and other unpredictable 
factors, more or less fortuitous, will take care of him 
from there on . 

6. The responsibility for any changes which may be 
desirable rests not on the colleges and universities, 
not on federal and state governments, and not on in- 
dustry, but on all working together. 

Various remedies have been proposed to deal with 
this situation and to bring about permanent improve- 
ment in the economic and professional status of chem- 
ists. The two which have been most intensively dis- 
cussed are: 


A. State licensure, which must be based on the 
establishment of definitions, classes, and 
qualifications, and will require examinations 
and certification. 

B. Unionization, also involving definitions, classes, 
and qualifications, but providing continuous 
attention to earning levels. 
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It should be observed that the Federal Civil Service, 
in the ratings for chemists, was the first to establish 
clear definitions of classes and to set up definite quali- 
fications for each grade. The Union FAETC organi- 
zation has followed suit, but with fewer grades and 
ratings. The American Chemical Society has made 
some attempt at classification, primarily for member- 
ship in the Society. In participating in National Labor 
Board hearings the A. C. 8. was able to secure recogni- 
tion for a division between professional and nonpro- 
fessional activities of chemists without direct specific 
reference to degree of training, type of specialization, 
or years of service. 

There is no desire on my part to suggest the applica- 
tion of the Wallace method of reducing the size of the 
chemical crop by ploughing under or killing off begin- 
ners. Nor does controlled obsolescense constitute an 
available remedy. 

From the negative point of view it must be admitted 
first of all that more job opportunities for chemists 
cannot be created by any changes in prescribed train- 
ing, just as more jobs for bricklayers cannot be pro- 
duced by establishing more and better training schools. 

Second, if earning rates are related to general eco- 
nomic conditions they will naturally and immediately 
rise and fall as periods of prosperity or war are followed 
by periods of recession. Third, in agreement with the 
contentions of Otto Eisenschiml, the economic status 
of the chemist is largely determined by his own ability, 
energy, and determination to succeed. 

Admitting the validity of these statements, there is 
nothing to be gained by preserving the status quo nor by 
failing to derive help from experiments tried by other 
groups and found successful. Furthermore, if the 
chemical profession or fraternity itself fails to take 
alarm, note the situation and find remedies, the Unions 
stand ready at any opportune moment to move in and 
guarantee tangible results. Whether this is desirable 
need not enter into this discussion. The Shell and 
Cutter Laboratory cases are well known to all, and the 
economic fruits were not to my knowledge refused by 
any who benefited. 

Let us try setting some positive considerations over 
against the negative ones just outlined. From the 
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point of view of placement, our employment com- 
mittee finds that a considerable number of good men 
are passed by for good positions because they lack 
certain scientific courses in addition to the four years of 
chemistry and one year of physics ordinarily required in 
the West for a chemistry major. These are primarily: 
elementary bacteriology, additional physics, and bio- 
chemistry. In California, where agriculture is our 
largest industry, bacteriology and biochemistry are 
frequently included in the necessary or desirable quali- 
fications for chemistry positions. A year of each sub- 
ject with accompanying laboratory work would increase 
the number of opportunities open to Western chemists. 
To increase the content of an already overcrowded 
curriculum might require lengthening the requirement 
for a degree in chemistry to five years. This would 
put it on a par with the time required for a high-school 
teacher’s certificate. If a fifth year were added, 
some additional desirable courses in physics could be 
added, such as optical and electrical measurements, and 
possibly some elementary work in business procedure. 
A five-year man would find more potential openings 
and consequently could start at a higher rate of pay. 
Another suggestion is the adoption of a trainee period of 
two years, which might be somewhat like the arrange- 
ment at Antioch College or the University of Cincinnati, 
interspersed with semesters of school work; or it might 
follow graduation, like the internship required of 
M.D.’s. Either plan would require close cooperation 
with industry in working out the program. 

A similar situation existed in the clinical and medical 
laboratory field. Requirements were established sev- 
eral years ago by the State Board of Public Health, 
providing for the grading and licensing of laboratory 
technicians and technologists. For the former, a 
bachelor’s degree must be followed by a state examina- 
tion in four subjects. To pass this a candidate must of 
necessity spend at least a year in a laboratory properly 
accredited for trainee work. The results of the new 
requirements were soon evident in a better grade of 
technician and a greatly increased beginning salary. 

It is my hope that the foregoing remarks may reveal a 
need and may suggest possible fields of study with the 
hope of improving the economic status of the chemist. 





Tue Southern California Section of the Association will hold a meeting on 
Saturday, February 18, at the Immaculate Heart College, Los Feliz and Western, 


Los Angeles. 


There will be a panel discussion on the subject: 


What Should Be Discarded 


from Freshman Chemistry.’ After the luncheon there will be a short business meet- 
ing, followed by the principal address by Dr. Linus Pauling of the California In- 


stitute of Technology. 


Reservations for the luncheon or applications for membership may be sent 
to Sister Agnes Ann, Immaculate Heart College, Hollywood 28, California. 
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THE CHEMISTRY AND MANUFACTURE OF 
ANTIBIOTIC SUBSTANCES’ 


NATURE AND SOURCES OF ANTIBIOTICS 


For the benefit of the chemist or the chemistry 
teacher who has found it difficult to keep abreast of 
the tremendous advances in the field of antibiotics, it is 
felt that a review of the chemistry, manufacturing 
techniques, and recent developments in this field will 
be of particular interest at the present time. In order 
to complete a broad presentation of this nature, the 
specific therapeutic effects of the most important anti- 
biotics and the commercial significance of these ma- 
terials will also be considered. 

There have been various interpretations of the mean- 
ing of the term “antibiotic,” but Waksman (1) has 
recently given us an excellent working definition. 
He has said that an antibiotic is a substance produced 
by microorganisms, which has the capacity of inhibiting 
the growth and even of destroying other microor- 
ganisms. Essentially the same concept has been stated 
somewhat differently by Benedict and Langlykke (2), 
who have chosen to define an antibiotic as ‘‘a chemical 
compound derived from or produced by living or- 
ganisms, which is capable, in small concentration, of 
inhibiting the life processes of microorganisms.” 

Of the six major groups of microorganisms, including 
bacteria, actinomycetes, molds, yeasts, protozoa, and 
viruses, only the first three have been found to produce 
antibiotics of value in the treatment of disease. Baci- 
tracin and tyrothricin are probably the most well- 
known antibiotics of bacterial origin, while streptomycin 
and penicillin are unquestionably the most widely used 
antibiotics of actinomycete and mold origin, respec- 
tively. In addition, two new antibiotics derived from 
actinomycetes, aureomycin and chloromycetin, are be- 
coming increasingly important, especially in the treat- 

1 Presented at the Eleventh Summer Conference of the New 
England Association of Chemistry Teachers, University of New 
Hampshire, Durham, New Hampshire, August 23, 1949. 
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ment of diseases caused by rickettsiae and some of the 
larger so-called viruses. Neomycin, a new antibiotic 
derived from an actinomycete, may also prove to be of 
considerable value in treating cases of streptomycin- 
resistant tuberculosis. 

There appears to be a complete lack of similarity in 
the molecular structures of the various antibiotics. 
Likewise, the chemical properties of these materials 
indicate that they are of diverse nature, including poly- 
peptides, sulfur-containing compounds, lipids, pig- 
ments, quinones, complex polysaccharides, and organic 
bases. The structural formulas of penicillin and strep- 
tomycin are shown below: 
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Variations in the “R” group in the structure for 
penicillin are responsible for the existence of several 
types of this antibiotic. Of these types, penicillin G is 
the one of choice in practically all cases. These 
natural penicillins so far identified are listed below 


(9): 
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Streptomycin B differs from streptomycin A in that 
it has an additional mannose group attached to the 
streptobiosamine portion of the streptomycin molecule. 
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Streptomycin A, however, has attained popular ac- 
ceptance on the basis of the fact that in ordinary 
methods of biological assay it is about four times as 
effective as streptomycin B. 

These chemical] structures are so complex that, even 
though penicillin has been synthesized in small quan- 
tities, it appears quite unlikely that either penicillin 
or streptomycin will be synthesized on a commercial 
scale. Chloromycetin, which has the following struc- 
ture: 
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OH 
is the only antibiotic discovered to date which is being 


synthesized commercially. Molecular formulas of 
aureomycin and neomycin as yet are not established. 

It appears that most antibiotic substances are 
strongly bacteriostatic in nature and only weakly 
bactericidal, though a few are also strongly bactericidal, 
and some are even bacteriolytic. Some antibiotics 
are hemolytic; others apparently have no injurious ef- 
fect upon the blood cells. The latter can, therefore, be 
used for general body treatment, whereas the former are 
suitable only for local applications. Since antibiotic 
substances are selective in their action upon micro- 
organisms, none can be expected to be utilized as general 
agents against all bacteria, although some have wider 
spectra than others (3). 

With regard to the nature of antibiotic action, Win- 
tersteiner (5) has pointed out that the known com- 
plexity of bacterial metabolism and enzyme systems 
on the one hand, and the great diversity of chemical 
structure encountered among antibiotics on the other 
hand greatly reduces the possibility that their anti- 
bacterial action is due to a single mechanism. There 
are indications, however, that factors such as bacterial 
cell division, metabolic processes, and vitamin utiliza- 
tion are frequently involved in this action (4). 


PRINCIPLES OF LARGE-SCALE ANTIBIOTIC 
MANUFACTURING 


We have come a long way in the field of fermentation, 
with respect to antibiotic production, since the time of 
Fleming’s history-making plate culture of Penicillium 
in 1928 (6), and even since the abandonment of the 
commercial surface culture methods which were used 
in 1940 and 1941 shortly after the clinical importance 
of penicillin was recognized. Today the fermentation 
processes used are ones in which the mold is allowed to 
grow throughout a liquid medium in huge fermentation 
tanks and under carefully controlled conditions. 
Since these fermentation processes are quite similar, 
an outline of the general techniques involved in peni- 
cillin production may be considered as applicable to all 
antibiotic fermentation procedures. 

The specific microorganism which produces peni- 
cillin belongs to the same group of molds as the com- 
mon blue-green mold present in Roquefort cheese and 
on decaying citrus fruits. It has been estimated, 
however, that probably not more than one out of fifty 
blue-green molds encountered belongs to the P. nota- 
tum-chrysogenunté group, and only a limited number of 
strains of these will yield appreciable amounts of peni- 
cillin (7). 

The Q-176 strain of P. chrysogenum, which is used 
almost everywhere penicillin is manufactured, has an 
interesting background. The original, naturally oc- 
curring strain was collected from a moldy cantaloupe 
found in a Peoria, Illinois, fruit market. In the 
Northern Regional Research Laboratories of the De- 
partment of Agriculture, located in Peoria, this strain 
was found to be capable of producing approximately 
100 units of penicillin per milliliter in a submerged 
culture. A naturally occurring variant was then ob- 
tained, which proved to have a somewhat better pro- 
ductivity. At the Carnegie Institution at Cold Spring 
Harbor, the University of Minnesota, and the Uni- 
versity of Wisconsin further variants were obtained by 
X-ray and ultraviolet treatment (11). The most pro- 
ductive of these variants, as shown by work carried 
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out at the University of Wisconsin, was called the 
Q-176 strain, and in laboratory size equipment it was 
found capable of producing more than 900 units per ml. 
of penicillin (8). 

The complete process of penicillin manufacturing, 
starting with dormant spores of the mold, P. chryso- 
genum, and ending with a finished penicillin product 
ready for use by the physician, may be conveniently 
divided into three phases, as follows: 


(a) Growth of the mold, or fermentation. 

.b) Extraction, concentration, and purification. 

(c) Drying, filling, and packaging the penicillin 
product. 


The laboratory scale growth of the mold spores 
usually takes place in three distinct stages. It starts 
with the aseptic transfer of a small quantity of the 
stock culture of dormant spores from a talc or a soil 
medium, in which it is kept refrigerated in order to 
preserve its vitality and characteristics, onto the sur- 
face of an enriched agar medium contained in a small 
test tube. These tubes and their contents are in- 
cubated for four to five days at slightly above room 
temperature until a substantial mold growth appears. 
Sterile water is then added to the mold in each tube in 
order to obtain a spore-water suspension sufficient to 
inoculate several Erlenmeyer flasks, each containing 
approximately 50 ml. of the same type of enriched agar 
medium used in the test-tube cultures. These flasks 
and their contents are incubated in much the same 
manner as before, and the spore-water suspension from 
each flask is then used to inoculate several one-liter bot- 
tles, each containing damp, sterile grain. Asin the two 
preceding steps, the mold is allowed to grow for four to 
five days under conditions of incubation, this time until 
sufficient growth is noted on the surface of the nutrient 
grain. At the end of this period the bottles of spores 
may be used at once to inoculate the plant-scale germi- 
nation tanks, or they may be placed in a refrigerator for 
use at a later date as required by the production 
schedule. 

It is generally accepted (10) that there are two pri- 
mary requirements of a good liquid medium for supply- 
ing the nutrients necessary for the growth of the mold. 
These are a carbohydrate source, such as sugar, and 
a source of nitrogenous material, usually corn steep 
liquor. These ingredients, along with small quantities 
of certain inorganic salts and organic precursors, are 
utilized during fermentation as the building blocks 
for the large quantities of mold solids or mycelium 
which form throughout the medium during growth, as 
well as for the formation of the penicillin itself, which is 
elaborated and goes into solution during mold growth. 

The required quantities of these nutrient ingredients 
are usually mixed with water in large batching tanks in 
order to prepare a suspension of the proper consistency. 
A sufficient quantity of the resulting medium is then 
pumped into a clean, steamed-out, 500—1000‘gallon 
germination tank. This tank is closed and steam is 
passed in through the bottom of the tank and up 
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Sterile Filling and Assembly Line for the Penicillin Dispolator 


through the medium for about thirty minutes in order 
to achieve complete sterilization. The importance of 
this operation and of the subsequent precautions taken 
against possible contamination cannot be overem- 
phasized. The presence of any foreign organisms other 
than the desired penicillin-producing mold at any time 
during germination or fermentation may either com- 
pletely prohibit the formation of penicillin or reduce the 
potency of the fermented liquor to such a low level 
that it will not be economically feasible to attempt to 
extract and purify it. For this reason, great care must 
be taken to guard against the entry* of contaminants 
into the tanks, and periodic purity tests are made during 
germination and fermentation to make certain that the 
culture is bacteriologically pure. 

After the medium in the germinator has been steri- 
lized properly it is cooled to a few degrees above room 
temperature, with a slight pressure being maintained 
constantly in the tank. Inoculation of this medium 
with a bottle of the previously prepared sporulator 
seed—the mold growth on the surface of the grain—is 
then carried out. Agitation is then begun and air, 
sterilized by passage through closely packed cotton or 
glass wool, is allowed to enter the tank through small 
holes in the top of a ring-shaped pipe, or sparger, 
located near the bottom of the tank. The air bubbles 
up through the medium and the spores, thus aiding the 
agitation and supplying the oxygen which is necessary 





Antibiotic Fermentation Area Showing 18,000-Gallon Tanks Used for 
Producing Penicillin and Streptomycin 

for the growth of these aerobic organisms. Germina- 
tion is allowed to proceed in this tank for some thirty to 
sixty hours, after which the entire contents of the tank 
are used to inoculate a fermentation tank to initiate the 
final stage of mold growth. The temperature of the 
germinator and the supply of sterile air are usually 
automatically controlled. 

Summarizing now the important factors which in- 
fluence the production of penicillin, we have: strain 
variations, oxygen supply, temperature, bacterial 


contamination, equipment design, and the constituents 
of the medium. We have seen how each of these factors 


has been controlled during germination. They are 
controlled similarly in order to achieve maximum pro- 
duction of penicillin in the final fermentation process. 

To start this final stage of growth sufficient liquid 
medium is prepared and pumped to a clean 10,000 or 
20,000-gallon fermentation tank to provide a final work- 
ing volume of medium, which amounts to about */, of 
the tank volume. This medium is also steam-sterilized 
and allowed to cool, after which the germination prod- 
uct is transferred, by means of differential pressure, 
through sterile lines into the medium in the fermentor. 
Growth is allowed under the desired conditions for ap- 
proximately seventy-two hours, at which time the po- 
tency of penicillin in the tank has usually reached a 
maximum. 

The fermentation processes involved in the produc- 
tion of streptomycin are similar in nearly every respect 
to those described for penicillin production. It is ob- 
vious, of course, that a different type of microorganism 
must be grown in order to produce this antibiotic. 
A strain of Streptomyces griseus, an actinomycete which 
is mold-like in appearance, is used for this purpose. 
A different type of nutrient medium is also used, but 
other than these features, essentially the same proce- 
dures and equipment are employed. 

After fermentation has been completed, the mass of 
solid particles (mycelium) which forms must be re- 
moved before extraction and purification can proceed. 
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This is a fairly standardized procedure, with con- 
tinuous filtration devices of the vacuum or pressure type 
usually being employed. The mycelium is usually dis- 
carded, but the antibiotic-rich filtrate is reserved for 
further processing. 

Contrasting sharply with the similarity in fermenta- 
tion methods, the procedures used in extracting an 
antibiotic from its fermentation broth and in further 
purifying it depend almost entirely upon the chemical 
nature of the antibiotic concerned. In the case of 
penicillin, solvent extraction processes in one of several 
stages, making use of Sharples or DeLaval Centrifuges 
or Podbielniak Extractors, are carried out in order to 
diminish the volume of liquid to about one-fiftieth of 
its original volume, with a corresponding increase in the 
potency of the penicillin (units per ml.). It is custom- 
ary to prepare either the sodium or potassium salt of 
penicillin at this point, after which the solution is fur- 
ther concentrated by means of vacuum distillation. 
The concentrated aqueous solution so obtained is 
treated by a special process in order to cause the peni- 
cillin salt to crystallize. The resulting crystals are 
then collected on large vacuum filters, dried, pulverized, 
and reserved for use in preparing the several finished 
penicillin products. 

In the case of streptomycin, use is made of an entirely 
different set of extraction and purification conditions. 
The streptomycin may be adsorbed onto the surface of 
activated charcoal, from which it may be eluted, further 
purified, and converted into streptomycin trihydro- 
chloride or streptomycin sulfate. The salt may then 
be further concentrated, sterilely filtered, frozen, and 
vacuum dried from the frozen state in order to produce 
regular streptomycin. On the other hand, it may be 
hydrogenated to produce a newer form known as 
dihydrostreptomycin, which is somewhat less toxic 
than the reguler form. 

In general, both penicillin and streptomycin are 
filled as powders into vials by means of high speed, 
automatic filling machines. The vials are then stop- 
pered, capped, labeled, and packaged. After samples 
from each batch have been properly tested, both in the 
laboratories of the manufacturer and in the laboratories 
of the Foud and Drug Administration, the latter 
organization certifies the batch and it may be released 
for distribution. 

The usual potency tests are based on measurements 
of the degree of inhibition of growth of an organism 
which is known to be adversely affected by the anti- 
biotic being tested. Staphylococcus aureus is com- 
monly used as the test organism for penicillin, while 
Klebsiella pneumoniae is used in testing the potency of 
streptomycin. These potency assays may be con- 
ducted by the familiar cup test procedure or by serial 
dilution methods. Chemical assay methods have also 
been developed for each of these antibiotics but 
are usually less accurate than the biological assays. 

Other general tests which must be passed by finished 
penicillin and streptomycin products are those for 
toxicity, stability, the presence of pyrogenic materials, 
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pH, clarity, total solids, moisture content, and general 
appearance. Extensive labeling and packaging regula- 
tions have also been set up for these products by the 
Food and Drug Administration in order to provide 
maximum protection for all patients. 

At the present time penicillin is marketed in a num- 
ber of different forms. These various products may 
be classified roughly as injectable and noninjectable, 
with the injectable category including both soluble and 
delayed-action or repository forms. The soluble form 
of penicillin consists of the sodium or potassium salt of 
penicillin G mixed with sodium citrate, to serve as a 
buffer, and this is marketed in vials. There are several 
of the delayed-action or depot forms of penicillin, the 
most important of these now being the procaine peni- 
cillin products. These include procaine penicillin for 
aqueous injection, procaine penicillin in oil, procaine 
penicillin in oil with aluminum monostearate, procaine 
penicillin for aqueous injection—fortified, and a sus- 
pension of procaine penicillin for aqueous injection. 
These procaine penicillin products derive their useful- 
ness from the fact that adequate blood levels can be 
maintained for from twenty-four to seventy-two hours 
with a single dose, as compared with only about three 
hours for a comparable dose of regular penicillin. 
Another delayed-action form of penieillin worthy of 
mention is the older oil and wax preparation (POW) 
which is still used in some quarters. 

All the foregoing forms of penicillin are for intra- 
muscular injection. Among the noninjectable forms of 
penicillin are such products as potassium penicillin 
tablets, potassium penicillin chewing troches, potas- 
sium penicillin soluble troches, penicillin ointments for 
topical, veterinary, and ophthalmic use, and penicillin 
powders for inhalation therapy. 

Due to the fact that streptomycin is not absorbed 
from the gastrointestinal tract into the blood stream, 
administration of this antibiotic by mouth is not prac- 
tical. Therefore, only injectable preparations of strep- 
tomycin are marketed. These include the trihydro- 
chloride and sulfate salts of both regular streptomycin 
and dihydrostreptomycin. Commercial methods for 
producing crystalline streptomycin have now been 
developed and this product will soon be generally 
available to the medical profession. 


THE SEARCH FOR NEW ANTIBIOTICS 


In order to attempt to provide antibiotics for use in 
the treatment of diseases for which no known medica- 
tion is effective, as well as to improve present methods 
of treatment where known antibiotics are of value, 
nearly every manufacturer of antibiotics and a great 
many academic institutions are carrying on systematic 
searches for new antibiotics. A typical screening pro- 
gram for the discovery of new agents of this type is set 
up somewhat as follows: 


(a) The isolation of promising microorghnisms 
from samples of soil or from diverse sources, 
and the growth of these microorganisms. 
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The determination of the activity of these 
microorganisms against a wide range of test or- 
ganisms, by means of plate streaking methods. 

Submerged culture fermentation for those 
microorganisms showing a broad range of 
activity, followed by in vitro testing. 

Chemical testing of the fermentation-produced 
antibiotic to determine its stability, chemical 
characteristics, etc., and to determine whether 
or not it can be purified by practical methods. 

The preparation of a chemical concentrate for 
further testing. 

The evaluation of the antibiotic by means of in 
vivo tests in mice, by which toxicity, animal 
protection, etc., are determined. 

Further extensive chemical and biological in- 
vestigation, provided the in vivo tests look 
promising. 

In the event that an antibiotic of real value is 
discovered through the above steps, the 
following procedures would be carried out by 
the manufacturer: large-scale growing, pilot 
plant production, clinical testing. (and chemi- 
cal characterization, where this is possible), 
commercial-scale production, testing, filing 
with the F.D.A., and marketing. 


It is recognized that a program of this sort cannot 
guarantee the discovery of new antibiotics, but at least 
it is a systematic way of attempting to find new and 
valuable substances having chemotherapeutic value. 
Largely, such programs are based on chance and, with 
continued good fortune, we may yet have a rather 
complete coverage of all types of infectious diseases by 
means of antibiotics. 


THE FUTURE OF ANTIBIOTICS 


The commercial significance of the discovery of 
antibiotics has, of course, been tremendous, and it ap- 
pears that these substances will comprise a major por- 
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tion of the total sales of nearly all drug and phar- 
maceutical houses for years to come. Starting with a 
production of only 21 billion Oxford units of penicillin 
in 1943, this important antibiotic is now being produced 
at a monthly rate of about 10,000 billion units in this 
country alone. Similarly, streptomycin production 
has grown enormously, with the U.S. Tariff Commission 
reporting that the monthly production figure for the 
United States amounts to about 6 million grams. It 
is interesting to note that approximately three-fourths 
of all the streptomycin manufactured domestically is 
exported. In addition, large quantities of both these 
antibiotics are being manufactured abroad. Several 
new plants have been completed recently and others 
are currently under construction in Latin America 
and Europe. Many of these are being financed with 
American capital. 

Along with increased yields and the efficiency of 
large-scale manufacturing processes, the prices of peni- 
cillin and streptomycin have been cut time and time 
again. Most of the major producers and distributors 


reduced the prices of their penicillin products by about 
25 per cent as recently as this July, and in reporting this 
price drop the Drug Trade News opined that the day of 
10-cent penicillin is not far off. 

It is natural to predict and assume that the newer 


To the Editor: 

Methyl alcohol has been suggested as a solvent for 
pyridinium bromide perbromide in a procedure for a 
student preparation! of n-butyl bromide from n-butyl 
alcohol. Such use is, we believe, hazardous and should 
not be employed at the student level. 

Bromine will react at elevated temperatures with 
methyl alcohol, producing mainly methyl bromide, 
carbon monoxide, and water according to the stepwise 
equations.’ 

CH;OH + 2Br. ~ 4HBr + CO 
4HBr aa 4CH;OH <> 4CH;Br + 4H,0 

Our experience with this reaction has been that it is 
strongly exothermic and on one occasion we found that 


' Merger, P. C., ann J. A. Vona, J. Cuem. Epuc., 26, 613 


(1949). 
* Office of Publication Board Report PB-76505, Frames 
1144-1146. 
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antibiotics, especially those which are effective against 
rickettsiae and the larger so-called viruses, will take on 
added importance, as will those antibiotics which ap- 
pear to be effective against streptomycin- and peni- 
cillin-resistant bacteria. It can be stated that there 
appears to be no limit to what can be done in this wide- 
open and promising field. Further advances are cer- 
tain to come. 
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a violent reaction was initiated after allowing 4 mixture 
of one mol of bromine and three mols of methyl alcohol 
to stand for a short time at room temperature. 

That pyridinium bromide perbromide might react in 
this manner with methyl alcohol is indicated by the re- 
ported formation of n-butyl bromide from pyridinium 
bromide perbromide, n-butyl alcohol, and methyl 
alcohol. Such a reaction requires the reduction of the 
bromine to hydrogen bromide, which is undoubtedly 
produced by the reaction of the pyridinium bromide 
perbromide with methyl alcohol. Furthermore, the 
authors of the proposed student preparation have 
surmised that the low yield of n-butyl bromide is due 
to formation of methyl bromide. 

Both methyl bromide and carbon monoxide are 
highly toxic and in our opinion should not be handled 
by students. A reaction of such complexity, involving 
reduction of bromine to hydrogen bromide and subse- 
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quent competitive reaction with methyl alcohol and 
n-butyl alcohol, is also of doubtful value for student 
instruction. 

HERBERT C. WOHLERS 


MicHiGcAN CHEMICAL CORPORATION 
Sr. Louis, MicHiGAN 


To the Editor: 

1 think that the approach to the hydrolysis of NH,CN 
taken by Eisemann in your November Journat (p. 607) 
is unnecessarily obscure. The problem is really one in 
algebra, not chemistry. After giving equations (1), 
(2), and (3), he needs a fourth independent relation in 
order to solve for four variables. This fourth relation- 
ship is nothing more than the fundamental principle 
that the sum of positive and negative charges shall be 
equal in any reasonably large volume unit. Thus, we 
have, 

[H+] + [NH.+] = (CN-] + [OH-] (4) 


which he finally arrives at in equation (7). 

I think it desirable to solve these problems by straight- 
forward application of the rules of algebra; the solu- 
tions are vulnerable enough when one considers activi- 
ties. The exact equation (14) can be arrived at by 
substituting the value of [OH-] from (4) above into 
equation (3) and eliminating [NH,+] and [CN-] by 
combining his equations (1) and (2) with the relation- 
ships: 

(NH;] + [NH,*] = 0.1 = [(CN~-] + [HCN] 


which are obvious from stoichiometry. 

I solved his reduced equation (15) graphically and 
got the same answer as he did, using the approximation 
formula (16). The large table at the bottom of page 
608 is good only for that particular system. It couldn’t 
be used at all for ammonium formate, but equation (14) 
can always be reduced by a consideration of the coeffi- 
cients for particular values of the ionization constants of 
the weak acid and weak base... . 

Rosert Eppie 


Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


To the Editor: 

In the experiment, “‘A Demonstration of the Con- 
ductivities of Dilute and Concentrated Sulfuric Acids,” 
reported by S. Porter Miller in Tais JouRNAL, 26, 
317 (1949), the voltage of the electric mains supplying 
the current was not stated. As this power supply 
varies in some localities of the world we had to ascer- 
tain from available sources the fact that the voltage 
used for the experiment in the locality mentioned was 
110 v. a. ¢. 

This demonstration was included in our items for the 
science exhibition in our laboratory held this year, The 
apparatus set up according to the design given, when 
connected to our mains (220 v. a. c.) failed in a rehearsal 
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to give any noticeable difference in the brightness of 
the two (100-watt) bulbs. Interposing various resist- 
ances in the circuit before it divided in parallel to con- 
nect the bulbs did not appreciably improve the experi- 
ment. But when the copper electrodes were kept 13 
inches apart in each liquid the dim and the bright glows 
in the bulbs were readily obtained. The acids may be 
kept-in long, shallow porcelain trays with hemispherical 
edges at the ends, or in glass tubes of required length 
with the ends bent upwards and immersed in troughs 
of cold water. 


Arcot VISWANATHAN AND 
SUNDAREASAN SOUNDRARAJAN 


Mapras CHRISTIAN COLLEGE 
TAMBARAM, Sout INDIA 


To the Editor: 

Various laboratory ozone generators have been de- 
scribed in the literature. The author has found though, 
that a simple generator suitable for lecture demonstra- 
tions can be easily constructed using no special ma- 
terials or technique in twenty minutes from a 12- 
inch reflux condenser. This is wrapped with aluminum 
foil and fastened with copper wire for the outer elec- 
trode; the center tube is corked tightly and is filled 
with mercury for the inner electrode. 

A typical generator of this type yielded 1'/, volume 
per cent of ozone when dry oxygen was used at a flow 
rate of 7 liters per hour with a potential across the 


electrodes of 6,000 volts, and 1'/: per cent of ozone was 
obtained at 4 liters per hour. 

Absolutely dry oxygen must be used and drying may 
be done by bubbling the oxygen from an oxygen 
cylinder through concentrated sulfuric acid before it is 


led to the generator. The bubble count in the drying 
acid may be used to estimate a low flow rate. 

Occasionally a somewhat higher potential may be 
necessary if the electrodes are farther apart due to in- 
dividual differences in the outside diameters of con- 
denser jackets. 

If it is desired to check the operation of the ozonizer, 
the ozone which is produced may be bubbled through a 
potassium iodide solution where free fodine is liberated 
quantitatively, and this can be titrated with standard 
sodium thiosulfate solution. 


JosEPH URBAN 


ADELPHI COLLEGE 
Lone IsLtanp, New York 


To the Editor: 

In a recent paper by T. J. Phillips (Ta1s JourNAt, 
26, 593 (1949) ) the author states, ‘In most elementary 
physical chemistry textbooks the formulas for calculat- 
ing the junction potential and the total potential of 
cells with transference are either given without proof or 
the student is referred to a text on electrochemistry.”’ 
I disagree with this statement since Glasstone, in his 
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“Elements of Physical Chemistry,’ D. van Nostrand 
Co., Inc., pp. 466-467, 1946, has already given the proofs 
clearly and simply. 

I would like to call attention to the author’s state- 
ment that y+ is the mean activity coefficient. This is 
erroneous, since the mean activity coefficient is defined 
by 

Ya = (14% « ¥-"-)/” 


where v+ and v- are the number of positive and negative 
ions, respectively, and vy = v+ + v-. The inclusion of 
the term E° in the paper referred to is also wrong, since 
the cell involved is a simple concentration cell. 

For the past several years in my course in physical 
chemistry, I have given the proofs according to Glas- 
stone. In addition I have let the students develop 
formulas for the cell 


Ag, AgCl, HCl (az) | HCl (a) AgCl, Ag 


where the electrode is reversible with respect to the 
anion instead of to the cation. The formulas in this 
case of course now become 


my 


RT 
Ej = (rn — m4) a8 ee 


B= —-2ny, ae In co 
The students are reminded that throughout the develop- 
ments the assumption is made that the transference 
numbers are independent of concentration and this is 
correct only when a; and a are not very different from 
each other. 


Norman C. Li 


Sr. Louis UNIVERSITY 
Sr. Louis, Missouri 


To the Editor: 

The paper by Kurt Eisemann in the November, 1949, 
issue of the JouRNAL oF CHEMICAL EpucaTIon on pH 
and the hydrolysis of a doubly weak salt presents a 
method of attack which is unnecessarily complex. In 
contrast to this it seems worth while to call attention to 
another approach which makes use of the principle of 
the “net reaction.”’ 

In the hydrolysis of NH,CN the equation of the net 
reaction may be written 


NH,*+ + CN- + H,O = NH,OH + HCN 


This equation assumes that the two reactions of hy- 
drolysis, CN- + H,O = HCN + OH™- and NHy*+ + 
H.O = NH,OH + H+, produce sufficient amounts of 
H+ and OH~ so that the resulting neutralization carries 
both of these reactions along to equal extents. On that 
basis, since NH,CN supplies equal concentrations of 
NH,* and CN-, when equilibrium has been reached 


[NH,*+] = [CN-] = X and [NH,OH] = [HCN] = y 
From the ionization constants of HCN and NH,OH 
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[H*) [CN-] 


H,*) [OH] 
[HCN] 


= 7 x 10-0, N NEGRI 7 18 X 10+ 


Substituting X for [CN-] and [NH,*] in these equa- 
tions and y for [HCN] and [NH,OH], the equations 
become 


X (H+) _ 
y 


X [OH- 
7X 107%, ae 


= 1.8 X 10-5 
ix“ 
[H*] 
bined and reduced to an equation containing only a 

single unknown: 
xX te 7 X 107” af 1.8 X 10-5 [H*] 


y fH*} 1.10-™ 


Substituting for [OH~] these may be com- 





From this 


7X 10-" X 1 X :10-" 
1.8 X 10-* 





[Ht]? = , [H*] = 6.2 X 10-” 


Using this value in the equation for the ionization con- 
stant of HCN 


6.2 X 10-” [CN-] 
[HCN] 





= 7X 10-" 


Rearranging 


[CN-]_ 7x10-" = 7 
[HCN] ~ 6.2 X 10- ~ 62 


From this one may calculate the extent of hydrolysis as 


[HCN] 6.2 
[CN-] + [HCN] ~ 74 62 ~ *°% 


The fact that in the answer obtained the concentra- 
tions of H+ (6.2 X 10-”) and OH- (1.6 X 10-*) are 
both low may be taken as evidence that the net reac- 
tion may be used properly for all concentrations of 
NH,CN down to the limit where the concentration of 
NH,’* is no longer large as compared with 1.6 « 10-. 
In such an extremely dilute solution the NH,+ becomes 
more comparable to Na* or K+. 








R. K. McAuprne 


University or MicHIGaNn 
Ann Arsor, MICHIGAN 


_ To the Editor: 


Several years ago an article appeared from this 
laboratory entitled ‘Utilization of a Classroom Waste 
Product”! in which the author showed how discarded 
pieces of chalk from the classroom might be employed 
in increasing interest in chemistry teaching. 

By employing the chromatographic adsorption prin- 
ciple it is possible to use these discarded pieces of chalk 
in other ways and increase interest in laboratory work 
as well as increase interest in the technique mentioned. 

Discarded pieces of chalk were ground in a mortar 
and washed. The material as a sludge was placed in 
discarded buret tubes about 250 ml. in length and 10 
ml. in diameter. To this sludge, which was previously 


1J. Cuem. Epuc., 16, 495 (1939). 
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treated by a number of washings of petroleum ether and 
alcohol, was added a few drops. of a petroleum ether- 
alcohol leaf extract. By elution with petroleum ether 
and development using gentle suction it was possible to 
show the selective adsorption of some of the leaf pig- 
ments. It was advantageous, however, to dissolve the 
discarded chalk in dilute hydrochloric acid, filter off the 
undissolved material, and reprecipitate the calcium 
carbonate with washing soda. After filtering off this 
material and employing the technique above, the zones 
of the pigments were increased in sharpness. 
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By employing long columns of this material from the 
discarded chalk it was possible to remove color from 
such familiar substances as ‘“Kool-Ade,” a refreshing 
summer beverage, and ‘“‘Zerone,” a purple-colored in- 
dustrial anti-freeze. 

These experiments were tried as a supplement to the 
previous article with the stated results and benefits 
from such an undertaking. 

Leroy D. JoHNSON 


Srorer CoLLeGE 
Harpers Ferry, West VIRGINIA 


Recent-Gooke 


. FREEDOM FROM WANT 


Edited by E. BE. DeTurk. Chronica Botanica Co., Waltham, 
Massachusetts, 1948. 78 pp. 6 figs. 1 plate. 17 X 26 cm. 
$2.) 


Tuts reprint from Chronica Botanica, Vol. 11, No. 4, 1948, con- 
tains papers which ‘‘grew out of a symposium” held under the 
auspices of the A.A.A.S. at the Boston meeting in 1946. It deals, 
in the main, with the all-absorbing question: Can the world’s 
food production ever catch up with the food requirements of the 
entire human race or will population increase continue to out- 
strip food supplies? 

As pointed out in the foreword by Norris E. Dodd of the Food 
and Agricultural Organization (FAO), the modern statement of 
the old Malthusian doctrine, ‘‘that human procreation will con- 
tinue at such a rate that the great masses of humanity must al- 
ways be uncomfortably near the edge of starvation,” does “not 
necessarily represent the truth.” Rather, as al] the contributors 
to this volume seem to feel, application of agricultural science 
already known plus new discoveries which will probably be made 
and a reasonable development in popular knowledge of nutrition 
in food economics and in food distribution such as the FAO is 
trying to bring about could afford adequate food for the human 
race. But, and this is emphasized in the book, continued research 
and, above all, more effective application of available agricultural 
knowledge can brook no delay. 

A paper on “Population and Food Supply” is contributed by 
Howard R. Tolley, formerly Chief of the Bureau of Agricultural 
Economics of the U. 8. Dept. of Agriculture, now Director of 
the section on economics and statistics of FAO. He emphasizes 
the need of concerted world-wide effort to achieve freedom from 
want. 

“World Soil and Fertilizer Resources in Relation to Food 
Needs” is the subject of a paper by Robert M. Salter, Chief of the 
Bureau of Plant Industry of the U. 8. Dept. of Agriculture. He 
shows how one may argue that the world’s food production could 
be doubled by 1960. 

“Crop Production Potentials in Relation to Freedom from 
Want”’ is discussed by Kar! 8. Quisenberry, Head of the Division 
of Cereal) Crops and Diseases in the Bureau of Plant Industry, 
U. 8S. Dept. of Agriculture. He gives a history of progress in 
production of the world’s chief food crops and points out the 
possibilities of further progress. 

“Animal Production in an Efficient Food Economy” is ex- 
amined by Frank B. Morrison, Head of the Animal Husbandry 

t of Cornell University. While recognizing. the 
obvious loss of food value when crops, especially cereals, are used 


to produce meat, he points out the advantages of some foods of 
animal origin in food economics. His discussion of the condi- 
tions favoring optimal yields of nutritive value from foods of 
animal origin, including milk and eggs, is of especial interest. 

“The Economics of Freedom from Want” is the subject of a 
fascinating essay by John D. Black, Henry Lee Professor of 
Economics, Harvard University. He seems to feel that as na- 
tions succeed in modernizing their economies, the rate of popula- 
tion increase can be brought down to something within reason. 

“Obligations of Science toward Freedom from Want’ is the 
title of a paper by Max A. McCall, Assistant Chief, Bureau of 
Plant Industry, U. 8. Dept. of Agriculture. Emphasis is given to 
the need for better dissemination of knowledge regarding agri- 
cultural problems and related matters. 

The book is authoritative and very timely. While somewhat 
technical it is good reading for the layman. It is illustrated and 
has numerous tables and charts. 


PHILIP H. MITCHELL 
Brown UNtversitTy 
Provipence, Reoper Isuanp 


e ELASTOMERS AND PLASTOMERS, VOLUME II 


Edited by R. Houwink, External Lecturer in the Technical Uni- 
versity at Delft, Netherlands. Elsevier Publishing Co., Inc., New 
York, 1949. xvi+515pp. 225 figs. 122tables. 26 X 17cm. 
$7. 


Tuis book is the second sectional volume of major volume No. 3 
in a series of eight and is the second one to be published, the first 
being the third sectional volume which was reviewed recently in 
these columns. Like the previous volume, it is an international 
undertaking and written entirely in English. Of the nineteen con- 
tributors, all experienced in their fields, three are from the Neth- 
erlands, two from Switzerland, eight from England, and six from 
the United States. It follows the same general method of pres- 
entation as the other volume, that is, each of the thirteen chap- 
ters is an entity in itself with references at the end of each chapter; 
the ample index covers the material in all the chapters. An in- 
teresting innovation is the printing at the bottom of each page, 
‘References p.—,’’ with the insertion of the first reference page 
at the end of the chapter. This saves the reader much time. 

The book contains more information than indicated by its 
title. Under propérties, most of the authors not only discuss the 
chemical and physical properties but also give considerable theo- 
retical background. In general, the material is up-to-dai2 with 
references through 1947, 'and sometimes through 1948; yet on 
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page 4, in the résumé of methods of manufacturing aniline, there 
is no mention of its manufacture from chlorobenzene. The book 
is filled with tables, figures, organic structural formulas, and 
photographs. It contains so much theoretical and technical in- 
formation that it can be used as a small reference volume. 

There is no consistency in the spelling of such words as color- 
less, polymerize, etc., the overseas authors using the English 
spelling, the American authors the American. The reviewer was 
intrigued in seeing the word “earthnut.”’ 

The proofreading could have been done better because there 
are a good many misspellings and some errors in formulas. The 
printing is open to criticism; letters are missing sometimes or 
incompletely printed. 


HARRY L, FISHER 
U. 8S. InpusrriaL CHemica.s, Inc} 
Ba.TImorB, MARYLAND 


2 A HISTORY OF CHEMISTRY IN CANADA 


Compiled for the Chemical Institute of Canada by C. J. S. War- 
rington, Development Department of Canadian Industries Limited, 
and R. V. V. Nicholls, McGill University. Sir Isaac Pitman and 
Sons, Ltd., Toronto, Canada, 1949. x + 502 pp. [Illustrated. 
15 X 23cm. $4.50. 


THE publication of this book makes available a comprehensive 
treatment of the history of Canadian chemical industry and of the 
teaching of chemistry in Canada. Hitherto, the material avail- 
able on these subjects has, for the most part, been widely scat- 
tered in papers in Canadian chemical journals. This book col- 
lects this widely dispersed material, and it includes much that has 
not previously appeared in print. The authors have drawn 


heavily on invited contributions from qualified individuals in the 
industries, the universities, and the public service of Canada; 
they have organized and integrated their source material so as to 
produce a book that is not only very informative but also very 
interesting. Nonchemical history has been introduced when it 


contributes to fulfilling the task of preparing “‘an account of the 
impact of chemistry on Canadian affairs, in a form which would 
be acceptable to interested laymen and chemists,” 

The volume opens with a brief account of the discovery in 
Canada of economically important minerals and a reference to the 
first metallurgical industry on the North American continent— 
the smelting of bog iron ore near Trois Riviéres, Quebec, starting 
in 1736. The reader is given a good account of the development 
of metallurgy in Canada from this early beginning through to an 
account of the very extensive lead and zinc smelting operations 
at Trail, British Columbia, and of the operations in the Sudbury 
Basin in Ontario that today supply over 90 per cent of the world’s 
nickel. Appropriate treatment of the steel, copper, gold, ti- 
tanium, uranium, etc., industries is given. A useful feature, not 
only of this first chapter but of many subsequent ones, is that the 
chemistry of modern processes is separated from the historical 
matter by the use of condensed type. The authors did not set out 
to write a text book of industrial chemistry, but the book never- 
theless contains in compact form much material regarding current 
industrial processes that is useful to students and teachers of 
chemistry whether Canadian or not. 

The arrangement of the subject matter is topical rather than 
narrative. Subsequent chapters are devoted to the chemical by- 
products of smelting (sulfuric acid, sulfur dioxide, and sulfur), 
fertilizers, nonmetallic mineral products (salt, magnesite, lime, 
portland cement, etc.), chemicals from coal, petroleum and 
natural gas and their chemical derivatives (including synthetic 
rubber), electric furnace products (phosphorus, calcium carbide, 
ehemicals from acetylene, abrasives), products made by elec- 
trolysis (aluminum, magnesium, hydrogen peroxide, chemicals 
from salt), chemistry and wood products (pulp and paper, cellu- 
lose derivatives, alcohol, vanillin, etc.), products of agriculture 
and the sea (cereals, corn starch glucose, sucrose, fermentation 
industries, fish oils), medicinal and fine chemicals (vitamins, 
hormones, antibiotics, insulin, sulfa drugs), explosives and am- 
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munition and pyrotechnics, oils and fats and waxes, miscellaneous 
industries of chemical interest (compressed gases, matches, tan- 
ning, textiles, precious metals), chemistry and public services (an 
account of the growth and nature of the National Research 
Council Laboratories, Experimental Farms, Forest Products 
Laboratories, other Federal] laboratories, Provincial Research 
Councils), Canadian chemical organizations and journals, and 
iastly, four chapters outlining the development of the teaching of 
chemistry in the schools, colleges, and universities of Canada. 

The reader is made acutely aware of the very extensive develop- 
ment of chemical industry in Canada that has occurred during the 
last,thirty-five years. The extent of this growth is not generally 
known, even to Canadians. In appropriate perspective, the book 
draws attention to the significant number of Canadian contribu- 
tions to the development of the processes of industrial chemistry, 

Numerous illustrations are included; these have been pre- 
pared from maps showing the distribution and grouping of chem- 
ical and allied industries, from sketches of men prominent in the 
development of Canadian chemistry, from sketches of early 
plants of chemical interest, and from photographs of modern 
plants and institutions. A few errors occur, particularly in the 
spelling of some proper names; it is hoped that these will be cor- 
rected in a subsequent edition, if such there be. An index is in- 
cluded, although it is by no means a complete one. A valuable 
bibliography of important source material is appended. 

The scope of this book is somewhat broader than the title might 
imply to some, for there are included, for example, accounts of 
the corporate history of many companies and accounts of the 
origins of Canadian universities. Altogether, this volume brings 
together much materia! of value and interest, and it is certainly 
a vajuable contribution to the literature of chemistry. Both the 
arrangement of the material and the style of writing allow the 
book to be read easily. Although the volume will be of especial 
interest to Canadian chemists, whether of the academic or in- 
dustrial persuasion, it deserves the attention of all who are in- 
terested in the history of chemical industry and of chemical 
education. 


R. P. GRAHAM 
McMaster University 
Hamitton, OntTarto, CANADA 


* ABSORPTION SPECTROPHOTOMETRY 


G. F. Lothian, Physics Lecturer, University College of the South 
West, Exeter. Hilger and Watts, Ltd., London, 1949. ix + 196 
pp. TZlfigs. 14 X 22cm. 26s. 


Tuts compact book, advertised as a manual on the measure- 
ment of absorption spectra in the ultraviolet, visible, and infrared 
regions by photographic, visual, photoelectric, and thermal! meth- 
ods, deals with work in the wave-length range of 0.2 to 25 mi- 
crons. The presentation includes the laws governing absorption 
of electromagnetic waves by material media, with examples of 
the ways these laws are being used in research and analytical lab- 
oratories. 

The general principles of Part 1 (62 pp.) include chapters on 
the nature and the laws of absorption, and on the conditions for 
accuracy and the methods of calculation in spectrophotometry. 
The British nomenclature and symbolism differ somewhat from 
that recommended by our National Bureau of Standards Letter 
Circular 857. : 

The applications discussed in Part 2 (34 pp.) include (1) the 
relation of absorption specira to chemical structure and the nature 
of certain chemical phenomena, and (2) the qualitative and quan- 
titative analytical possibilities of such data for both organic and 
inorganic substances. These chapters are merely illustrative of 
the numberless possibilities in the field. An important omission 
is the use of reflectance or transmittance curves for the calculation 
of the I.C.I. values which specify color numerically. 

Techniques, comprising Part 3 (77 pp.), include separate chap- 
ters on spectrophotometers having visual, photographic, photo- 
electric, or thermal detectors. A fifth chapter treats various 
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accessory items and operating details. Although Hilger instru- 
ments are emphasized, various others are described briefly. 
Zeiss and Hilger filter photometers are included. Throughout 
this section occur many helpful suggestions on testing and 
manipulating instruments, and on the merits of each type of 
equipment. 

Altogether, the reviewer is well impressed with this book. It 
is brief, but the sampling of the vast literature has been reason- 
ably well done, with some 220 references cited. Anyone entering 
this field will find much valuable information. Unfortunately, 
the price is high. 

M. G. MELLON 

PuRDUE UNIVERSITY 

LAFAYETTE, INDIANA 


€ KAOLIN CLAYS AND THEIR INDUSTRIAL USES 


J. M. Huber Corporation, New York, New York, 1949. 141 pp. 
49 figs. 15.5 X 23.5 cm. Gratis to executives and technicians 
in the clay consuming industry. 


Tuts book describes the production of kaolin clays and gives 
many illustrations of the operations at the company’s plants. 
It then relates the manner in which the clay is used in the rubber 
and paper industries. 

This book would be of interest only to a technical man in a 
clay consuming industry. 


KENNETH KOBE 
University or Texas 
Austin, Texas 


€ ORGANIC CHEMISTRY 


Ray Q. Brewster, Professor of Chemistry, University of Kansas, 
Lawrence, Kansas. Prentice-Hall, Inc., New York, 1949. v + 
409 pp. 12figs. 34tables. 17charts. 16 X 23.5cm. $6. 


Tue purpose of the author as given in the preface is that a se- 
mester’s course in organic chemistry should acquaint the student 
with the most important descriptive material and also give some 
insight into the theoretical interpretation of the phenomena stud- 
ied. In this way he will have acquired the basic facts for the 
study of biology, medicine, and related sciences and also the abil- 
ity to interpret the complex processes met in these fields. 

The plan of the text is well adapted for this purpose. In Chap- 
ter 1, General Principles, the author has summarized very satis- 
factorily atomic structure and linkages, the types of bonds and 
the relative electronegativity of elements, thus correlating the 
principles of inorganic chemistry with organic. In presenting a 
clear, simplified discussion of bond energies, resonance, and the 
mechanism of reactions, including acid and base catalysis, he 
makes it possible for the student to give an electronic interpre- 
tution to typical reactions which should eliminate his tendency to 
think that organic chemistry involves only memory. The pres- 
ent reviewer found this treatment very valuable in the use as a 
text of the author’s larger book, “Organic Chemistry” (1948), 
which is revised and condensed in this Brief Course. The material 
is covered in much the same manner but the illustrations and cer- 
tain specialized reactions are necessarily omitted. 

The material is systematically arranged with 21 chapters given 
to the study of aliphatic compounds including amino acids, pro- 
teins, and carbohydrates and with the remaining 13 devoted to 
aromatic, alicyclic, and heterocyclic compounds. The order of 
topics can be changed at the convenience of the instructor. The 
problems at the end of each chapter are well chosen. Illustra- 
tions of medicinals, vitamins, and hormones are given in the cor- 
responding sections of related compounds. No mention is made of 
penicillin and related antibiotics nor of recent synthetic medicinals 
but this is understandable in view of the limitation in scope. The 
relative merit of the topics included or omitted will depend mainly 
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on the point of view of the reader. For example, it seems the in- 
clusion of the addition of alkanes to alkenes and the omission of 
the addition of alkenes to alkenes as a simple type of polymeriza- 
tion was not too wise. The latter seems more significant than the 
former to the general student. 

Although the book contains much more material than could be 
covered adequately in a semester course it enables the instructor 
to choose the essentials for the specific needs of the class and gives 
the student of elementary organic chemistry a valuable text. Dr. 
Brewster has been very successful in achieving his specified aim. 


MARY L. SHERRILL 
Mount Horrors Couture 
Sours Hap.iay, MassacnuserrTs 


. RECENT ADVANCES IN ANALYTICAL CHEMISTRY: 
FRONTIERS IN CHEMISTRY. VOL. VII. 


R. E. Burk, Plastics Dept., E. I. du Pont de Nemours & Co., Wil- 
mington, Delaware; and Oliver Grumitt, Morley Chemical 
Laboratory, Western Reserve University, Cleveland, Ohio, Edi- 
tors. Interscience Publishers, Inc., New York, 1949. 10 tables. 
93 figs. 15.5 X 23.5cm. $4.50. 


THE most recent volume in the series based on the Frontiers 
in Chemistry lectures presented at Western Reserve University 
consists of a survey of the fundamental background and of the 
current status of half a dozen of the active fields of contemporary 
analytical chemistry. 

In keeping with the other volumes of the series, the volume is 
well printed and illustrated. The subject matter, as one would 
expect from the authors of the different chapters, is well organ- 
ized and presented. The volume would be valuable to anyone 
engaged in analytical chemistry as well as to any chemist who 
would desire a knowledge of certain contemporary analytical 
techniques and of their possible applicability to his own problems. 
The book would serve admirably as the text for a graduate sem- 
inar in analytical chemistry. 

The chapter on voltammetry (polarography) and ampero- 
metric titrations by I. M. Kolthoff (30 pages) devotes two-thirds 
of its length to an excellent introduction to the fundamental 
phenomena observed at a polarizable microelectrode. The five 
pages of applications and the five pages on amperometric titra- 
tions are well balanced discussions of what can be done with the 
dropping mercury electrode and the rotating platinum electrode, 
including the limitations of the two types of electrodes. The 
reviewer is sorry that two of the examples cited on the use of 
polarography in organic chemistry (effect of halogen on acetone 
reducibility and study of keto-enol equilibrium) were included 
since studies published since the lectures were given have indi- 
cated the incorrectness of the earlier interpretation of the ex- 
perimental data. 

The two chapters on inorganic analysis with organic reagents 
and on some recent colorimetric and gravimetric organic reagents 
by J. H. Yoe (48 pages) are refreshingly new treatments of the 
subject. The former chapter is divided into short discussions 
of the various ways in which organic reagents are used; the 
greater portion of the chapter covers chelate compounds on the 
basis of the types of the two reacting groups. The reviewer would 
be inclined to debate the statement that “comparatively few 
chemists at the present time have seemed to realize the advan- 
tages and possibilities of organic reagents in inorganic analysis.” 

The first part of the second chapter by Yoe is devoted to an out- 
line for the development of a new colorimetric method in which 
the various factors to be studied are discussed. The latter half 
of the chapter discusses some of the reagents for five commonly 
determined cations. The material presented is largely based on 
Yoe’s book written with Sarver and on his published research. 

In his chapter on the application of infrared spectroscopy in 
analysis (33 pages), Otto Beck, after a short but informative ac- 
count of Beer’s law and of the origin of infrared spectra, surveys 
the development of infrared instrumentation for analytical work 
during the past decade and indicates the merits and faults of 
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certain commercially available equipment. The second half of 
the chapter is devoted to a very well illustrated description of 
how the data of infrared absorption spectrophotometry are used 
in the identification of functional groups in organic molecules and 
in the quantitative analysis of multicomponent systems of or- 
ganic compounds. 

In the longest chapter in the volume (54 pages), James Hillier 
covers three fields of application of what should become s new 
and general means of analysis: the focused medium velocity 
electron beam. In particular, Hillier considers the application 
to the study of heterogeneous solid systems where the individual 
item to be examined may be submicroscopic in dimensions, ap- 
proaching that of a few atomic diameters. The beam of electrons 
when used as a minute probe affords a potentially valuable 
means of ultramicroanalysis. The section on the electron mi- 
croscope covers the history of its development, a relatively simple 
introduction to the fundamental theory ‘of electron lenses, the 
magnetic lens, factors involved in the design and operation of the 
instrument and in image formation, and an excellent extended dis- 
cussion of specimen techniques, application, and interpretation. 
The section on electron diffraction considers the technique as a 
means of studying analytically single crystals containing as little 
as 10-16 g. of material. The third section is devoted to electron 
microanalysis as a qualitative tool in identifying extremely 
minute and accurately selected areas of a specimen. 

The chapter by F. D. Rossini on the fractionation, analysis and 
purification of hydrocarbons (26 pages) serves to emphasize the 
need for pure compounds in determining physical properties and 
in calibrating so many of our contemporary analytical techniques 
such as spectrophotometry and mass spectrometry. Tie meth- 
ods and apparatus described are those used at the National Bu- 
reau of Standards on the project directed by the author. The 


topics covered are determination of purity by measurement of 
freezing points, determination of individual components in mix- 
tures by freezing point measurements, and the use of adsorption 
and distillation in fractionation and analysis. The use of re- 
fractive index as an identifying aid in fractionation is stressed. 
The final chapter (21 pages) by J. A. Hipple is concerned with 


the use of the mass spectrometer. After a discussion of the fun- 
damental processes which serve as the basis of the analytical 
method and of the problems peculiar to a mass spectrometer in 
analyzing mixtures, the following applications are discussed: 
hydrocarbon analysis, molecular dissociation processes due to 
electron impact, study of the mechanism of chemical reactions, 
isotopes, and the analysis of solids. 


PHILIP J. ELVING 


Tae Pennsyivania Stats Couuece 
Strats Cotiecn, PENNSYLVANIA 


% OUTLINES OF BIOCHEMISTRY 


Edited by R. A. Gortner, Professor of Biochemistry, Wesleyan 
University, Middletown, Connecticut, and W. A. Gortner, Head 
of the Department of Chemistry, Pineapple Research Institute, 
Honolulu, T. H. Third edition. John Wiley and Sons, Inc., 
New York, 1949. xiii + 1078 pp. 125 figs. 75 tables. 16 X 
23cm. $7.50. 


THE new edition of this book is a revision of the text by the late 
Ross Aiken Gortner, and appears eleven years after the last revi- 
sion. The present edition was prepared under the supervision of 
Professor Gortner’s two sons who are well qualified for the task 
they have undertaken. Moreover, they have received the able 
assistance of many colleagues and associates who undertook re- 
sponsibility for revising particular chapters in the fields of their 
own special interests. 

Because of the extensive new developments and information in 
practically all phases of biochemistry, the authors have found it 
necessary to rewrite and expand many of the chapters of the pre- 
vious edition. New chapters dealing with protein denaturation, 
carbohydrate metabolism, and the metabolism of lipids have been 
added. The detailed consideration of colloidal systems, which was 
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@ uniquely characteristic feature of the first two editions, is re. 
tained in this newer volume. Particular attention is again di- 
rected to structural organic chemistry and to organic and physi- 
cochemical reactions. In chapters dealing with subjects that are 
rather thoroughly covered in medical biochemistry textbooks, no 
attempt has been made to cover the field extensively. 

One might question the allocation of twenty-five per cent of the 
total pages to the subject of colloids. It is recognized that this is 
in harmony with the late Professor Gortner’s belief that all “the 
reactions and interactions which we call life take place in a col- 
loid system,” and that “much of the ‘vital energy’ can in the last 
anfaly sis be traced back to energies characteristic of surface films 
and interfaces.” Nevertheless, it would appear that a more bal- 
anced book might have been achieved by a better distribution of 
space among the various major topic headings, which would have 
permitted the inclusion of other material. For example, little 
mention is found of the subject of nutrition except in a chapter de- 
voted specifically to the vitamins. 

The retention of material which is solely of historical interest 
might be questioned in the revision of a modern textbook. For 
example, detailed description is given of the Hausmann and the 
VanSlyke methods of group analysisas applied to protein hydroly- 
sates, whereas only a few short paragraphs are used to describe 
microbiological methods of amino acid analysis. Again, the Ab- 
derhalden diketopiperazine and the Troensegaard pyrrole hypoth- 
eses of protein structure are described in detail. Description, 
and therefore apparently acceptance, of the endocrine roles of 
the thymus and pineal glands is found in the section dealing with 
+he hormones. 

There are errors evident at intervals in the book, as well as a de- 
gree of failure to incorporate newer available information. For 
example, on page 326, the statement is made that “pepsin hydro- 
lyzes proteins only to proteoses, peptones, and polypeptides.” 
On pages 416-17, a rather outdated concept is presented of the 
mechanism of blood clotting. On page 404, heparin is described 
as a glycoprotein. On page 456, the originally claimed wide- 
spread significance for transamination is described without con- 
sideration of subsequent contradictory findings. On page 499, 
there is retained a now disproved working hypothesis of the role 
of glutathione in intermediary protein metabolism. On page 966, 
a parathyrotropic and two diabetogenic principles are described 
among the hormones of the anterior pituitary gland. 

This volume remains one of the few broad textbooks in the field 
of biochemistry, presenting extensive information in plant, as well 
as animal, biochemistry. Its utilization of the data yielded by 
analytical, organic, and physical chemistry, from which the tools 
of biochemistry have stemmed, makes this book very useful as 
both a text and as a reference volume for either graduate students 
in biochemistry, or for graduate students in other fields in which 
the application of biochemistry is desirable and useful. 


ABRAHAM WHITE 
University or CALIFORNIA 
Los Anegieys, CALIFORNIA 


& HUMOR AND HUMANISM IN CHEMISTRY 


John Read, Professor of Chemistry, University of St. Andrews, 
Scotland. G. Bell and Sons, Ltd., London, 1947. xxiii + 388 pp. 
90 illustrations. 14 X 22.5cm. 2ls. 


In THE first 200 pages Professer Read has unearthed a wealth 
of interesting details on chemistry from Bacon to Baeyer. It is, 
like his ‘‘Prelude to Chemistry,” a worthy monograph. A de- 
lightful section relates the meteoritic (1602-04) career of the 
peringranate Scottish alchemist, Alexander Seton of Edinburgh, 
now sowing the seeds of his profession in Holland, Basel, or 
Cologne; now transmuting metals before the class of a bewildered 
professor of philosophy in Hamburg; and at last languishing in a 
torture-chamber in Dresden and in Cracow. His mantle, and 
still more important his ounce of elixir, pass on to the Polish 
nobleman Sendivogius, whose transmutation extravagances come 
to the ears of Rudolph II at Prague. The appearance of van 
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Helmont and Helvetius with their tales of the Alchemic Messiah 
complete this cycle of marvelous stories of goldmaking. 

Pages 79-191 examine a great number of early chemistry pub- 
lications in a detailed and critical fashion which reflects much 
credit on the author, and will win the gratitude of chemists who 
have no access to these rare volumes. Writings include Seton’s 
“A New Light in Alchemie” (1604); Beguin’s ‘““Chymical Be- 
ginner”’ (1608); Davidson’s “Philosphia Pyrotechnica” (1633- 
35); Glauber’s works; Le Febure’s “A Compleat Body of 
Chymistry” (English translation, 1664); Glaser’s “Compleat 
Chymist” (English Translation, 1677); and Lemery’s “Course of 
Chymistry” (first English edition, 1677). Eighteenth century 
chemistry is reflected in Boerhaave’s “Elementa Chemiae”’ 
(1732) and in the lectures, letters, and works of Joseph Black; 
and the nineteenth century, by extensive quotations from Mrs. 
Marcet’s popular “Conversations in Chemistry” between Mrs. 
B., Caroline, and Emily, which, with its 160,000 copies of its 
sixteen American editions, had, by 1853, qualified for Book-of- 
the-Century Club. Finally there is a section on the early history 
of/gases. 

The remainder of the book is below the author’s par. The 
picture of chemistry in the nineteenth century is too sketchy. 
The section relating the author’s personal experiences in the 
laboratories of Werner at Zurich and of Sir William Pope at 
Cambridge are of Pepysian interest only. Some sections should 
have been omitted entirely: a long chapter on Australian plants 
“has nothing to do with the case;” a reprint of a radio broadcast 
on explosives is of necessity for popular consumption; and if the 
thirty-page drama at the end of the book illustrates current 
English humor, God bless America. 

The book is not suitable as collateral reading for undergrad- 
uates, but is a must for students of chemical history. 


HUBERT N. ALYEA 
PRiIncETON UNIVERSITY 
PRINCETON, New JERSEY 


* A NEW DICTIONARY OF CHEMISTRY 


Edited by Stephen Miall and L. Mackenzie Miall. Longmans, 
Green and Co., New York, 1949. Second edition. ix + 589 pp. 
15 X 23cm. $12. 


Tuts second edition has been completely revised by the editors 
30 that it can be a compact reference work for all those interested 
in the historical and technical development of chemistry and 
allied sciences. In addition to definitions of chemica] terms the 
dictionary contains accounts of chemical substances, chemical 
operations, drugs, vitamins, and other items of biochemical im- 
portance, as well as biographies. The general character of the 
dictionary has been retained but new material of the last 10 years 
has been added to include work on atomic energy, a revised dis- 
cussion of drugs, and many new biographies. 


* INTRODUCTION TO RADIOCHEMISTRY 


Gerhart Friedlander, Chemist, Brookhaven National Laboratory, 
and Joseph W. Kennedy, Professor of Chemistry, Washington 
University, St. Louis, Missouri. John Wiley & Sons, Inc., New 
York, 1949. xiii + 412 pp. 22 tables. 48 figs. 15 X 21 cm. 
$5, 


Tue developments of the last few years have completely 
changed the importance of the phenomena of radioactivity and 
their applications for chemists. Anyone who has taught, or 
considered teaching, a course in radiochemistry or nuclear chem- 
istry has probably encountered the problem of selecting a text- 
book and will recognize ‘‘Introduction to Radiochemistry” as the 
first postwar textbook on elementary nuclear science for chemists. 

The authors have been quite successful with their intention to 
“prepare a textbook for an introductory course in the broad field 
of radiochemistry, at the graduate or senior undergraduate level, 
taking into account the degree of previous preparation in physics 


113 


ordinarily possessed by chemistry students at that level.” Ac- 
cording to their definitions, ‘“‘the broad field of radiochemistry” 
includes nuclear chemistry (as the “reactions of nuclei and the 
properties of resulting nuclear species’) and tracer chemistry 
(excluding stable isotopes), but does not include radiation chem- 
istry which ‘‘is really closely related to photochemistry.” 

The chapter headings indicate the relative emphasis on physics 
and chemistry. They are: (I) Naturally Occurring Radioactive 
Substances; (II) Atomic Nuclei; (III) Nuclear Reactions; (IV) 
Sources of Bombarding Particles; (V) Quantitative Treatment of 
Radioactive Processes; (VI) Types of Radioactive Decay; (VII) 
Interactions of Radiations with Matter; (VIII) Instruments for 
Radiation Detection and Measurement; (IX) Statistical Con- 
siderations in Radioactivity Measurements; (X) Techniques for 
Measurement and Study of Radiations; (XI) Identification, Con- 
centration, and Isolation of Radioactive Species; (XII) Chemistry 
of Low Concentrations and the Study of new Elements; (XIII) 
Tracers in Chemical Applications. The Appendix, which occupies 
about 100 pages, includes an extensive table of all well-established 
nuclear species and some of their characteristics. 

In conformity with their aim of preparing a textbook, rather 
than a work of reference, the authors have not attempted to in- 
clude numerous references. There is a list of references at the 
end of each chapter to many standard works and to selected 
topics in the recent literature which should offer a considerable 
choice of supplementary reading material to even the most 
ambitious student. ‘The exercises given at the end of each 
chapter are intended as an integral part of the course, and only 
with them does the text contain the variety of specific examples 
which (the authors) consider necessary for an effective presenta- 
tion.” 

The typical chemistry student wil] not find himself unduly 
burdened by mathematical complexities or theoretical involve- 
ments, since much of this material is presented in a descriptive 
manner. 


WILLIAM H. HAMILL 
University or Notre Dame 
Norre Dame, INDIANA 


a AN INTRODUCTION TO PRACTICAI. ORGANIC 
CHEMISTRY 


R. V. V. Nicholls, Associate Professor of Chemistry, McGill 
University, Montreal, Canada. Sir Isaac Pitman & Sons, Toronto, 
Canada, 1948. Second edition. x+226pp. 2lfigs. 15.5 X 
23.5 em. $2.50. 


Tuis is a very practical organic chemistry manual, well written 
and clear. It can be highly recommended for some of the very 
good features it possesses. It is one of the very few manuals that 
gives not only preparations, but has the student investigate the 
properties of the compounds made. Like all books, however; 
it has its shortcomings, but these are not seripus. 

As in the last edition (for review see Tus JouRNAL, 24, 362 
(1947), there are two main divisions: Part I, Introduction to 
Laboratory Technique, and Part II, Synthetic and Analytical 
Procedures. These are followed by a new addition, Questions for 
Review, and then an appendix which lists the more commonly 
used elements and gives the Preparation of Special Reagents and 
Indicators. 

Part I contains an excellent discussion of what the student does 
and why. Topics covered include extraction, which is quite well 
done; washing; drying; distillation; and fractionation. These 
latter two topics are presented in a manner which gives the stu- 
dent a clear picture of these processes. The author makes a dis- 
tinction between multiple distillation and fractional distillation, 
but unfortunately uses the former technique in the experiments 
almost to the exclusion of the latter. Also taken up are decoloriz- 
ing, adsorption, crystallization, precipitation, and sublimation. 
Even dismantling the apparatus is discussed. It would help here 
if students were cautioned to wait until the glassware cools some- 
what before taking the apparatus down. Students seem prone 
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to remove the thermometer just as soon as the distillation is com- 
plete, completely neglecting the fire hazard involved. A qualita- 
tive discussion of rates is given in Part II, assignment 13. The 
theoretical section of the book would be enhanced if this topic 
were discussed in Part T. 

As in the previous edition each experiment in Part II is pre- 
ceded by a discussion which is called ‘‘a textbook in miniature.” 
The preparations are conducted on a macro scale, the properties 
are determined on a semimicro scale. The inclusion of properties 
is quite often neglected in most manuals. In all of the experi- 
ments only the simplest of supplies are used. Distillation flasks 
with sidearms temporarily plugged are used as refluxing flasks, 
thus obviating the transfer of solutions. Almost all of the prep- 
arations can be considered conventional and were probably 
selected to give a solid foundation. These experiments include 
the ‘preparation and properties of’: alkanes by decarboxyla- 
tion, alkenes by dehydration of an alcohol, alkynes by treating 
calcium carbide with water, alkanol by fermentation of sucrose, 
ethers by sulfuric acid method. ..esters, amides, amines, imide, 
nitriles, etc. There are also experiments on the determination of 
densities, refractive indexes, and optical rotations. Two excellent 
experiments are given on isomerization and polymerization. 
Three new experiments are included in this edition. These are 
on fats and fatty oils, carbohydrates, and amino acids and pro- 
teins. The only objection which can be voiced is that none of the 
more advanced experiments, e. g., Friedel-Crafts, Grignard, 
Wurtz-Fittig, etc., is given to challenge the better student. 

The comments notwithstanding, this is a solid book which 
should prove useful especially in the smaller schools with a limited 
budget. 


University of San Francisco 
San Francisco, CALIFORNIA 


ARTHUR FURST 


of THE ELECTRON MICROSCOPE 


D. Gabor, Engineer, British Thomson-Houston Co., Ltd., Rugby, 
England. Chemical Publishing Company, Brooklyn, New York, 
1948. viii +164pp. 54figs. 14 X 2lcm. $4.75. 


A LEcTURE delivered at Cambridge has been expanded and 
brought up to date in this first American, pocket-sized edition, 
which will delight physicist, chemist, and the more advanced 
undergraduate approaching this field for the first time. Shorn 
of popularism and details, it presents an advanced, but lucid, 
picture of electron optics; of the past and present performance 
and the future possibilities of the electron microscope; of con- 
trast, resolution, and detection limits; and of studies of chemical 
structure and analysis with it. A bibliography is included. One 
is at once impressed by the physical make-up of the book: first- 
grade glossy paper, clear. printing, and dozens of excellent draw- 
ings and well-chosen electronmicrographs. It is to be hoped that 
the publishers intend this to serve as a pattern for other timely 
subjects treated at this slightly advanced level. 


HUBERT N. ALYEA 
Princeton UNIVERSITY 
Princeton, New JERSEY 
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* ELECTRONIC INTERPRETATIONS OF ORGANIC 
CHEMISTRY 


A. Edward Remick, Associate Professor of Chemistry, Wayne 
University, Detroit, Michigan. John Wiley & Sons, Inc., New 
York, 1949. Second edition. vii + 600 pp. 29 figs. 84 tables, 
15 X 23cm. $6. 


Nor so long ago the borderline between classical organic chem- 
istry and physical chemistry was fairly distinct. However, during 
the past three decades new theories and techniques developed in 
physics and physical chemistry haveassisted in a partial resolution 
of this line of demarcation, so that it now appears as a vast spec- 
trum of important, interesting, and practical phenomena. Tix 
evolution of this body of theory and fact is difficult to docume:,,, 
mainly because of the flexible terminology, different ‘schools of 
thought,” and the extremely dynamic state of the subject. 

The application of modern electronic theory to the probiems 
of organic chemistry has been invaluable in affording a critica] 
and informative analysis of certain organic chemical phenomena, 
This volume, as was its forerunner, is a commendable, qualitative 
presentation of most of the important electronic interpretations, 
It is as interesting and as lucid asits predecessor. It appears to be 
a distinct improvement. 

Since this second edition is a complete revision there are several 
marked changes in the text. A section of Chapter V (Applica- 
tions of the English Theory) has been considerably altered and 
much of this material now appears in later chapters. An integra- 
tion of the English and American theories allows a more homo- 
geneous and also a more harmonious presentation. Many more 
studies of reaction mechanisms have been inserted, an inclusion 
which will please most readers. A new chapter, Some Contribu- 
tions from the Field of Stereochemistry, has been added. The 
chapter on chemical] physics has been extensively revised. As 
before, bits of historical background are inserted at frequent in- 
tervals throughout the text. However, the historical introduc- 
tion has been abridged to allow expansion in other sections. 

The first four appendixes of the first edition have been deleted 
These were sections which dealt with specific topics designed to 
serve as a review and as a source for those students with an inade- 
quate background in physical chemistry. The reviewer was dis- 
appointed to find these sections missing but, of course, excessive 
expansion during revision had to be avoided. The list of basic 
principles (Appendix V—First Ediiion) is included as Appendix 
I, These basic principles are also incorporated in the main text at 
appropriate intervals where they serve as very helpful landmarks 
in the development and expansion of the theory. A table of 
symbols eomprises Appendix II. 

Most teachers of organic chemistry are well aware of the growth 
and present stature of physical organic chemistry. To determine 
how extensively, and when, the student of organic chemistry 
should be introduced to this speciality, is a difficult problem. 
Various applications of the electronic theory may be a logical en- 
trance, This volume should be very useful, as the author’s style 
and presentation allow ready comprehension. The reviewer feels 
certain that this text will receive wide acceptance, 
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“sparkless” LABORATORY STIRRER 





Speed Controlled by a Watt Governor, Eliminating 


Rheostats, Gears,for,Friction-Drive Discs 
eee 


Speed Continuously Vari- 
able from 200 to 1500 r.p.m. 


SPARKLESS 
Induction Motor 
Eliminating the Explosion 
Hazard 


Thrust Ball Bearings 
Insure Long Life, Continuous 
Running 


eee 
Uniform Power Output 
@®eeseese 


5230. NON-SPARKING MOTOR STIRRER. This motor 
stirrer is efficient and perfectly controlled. The motor is of 
the induction type and, having no brushes, eliminates one of 
the greatest dangers of explosion found in all other stirrers 
when used over such solvents as ether, alcohol, benzine, ace- 
tone, etc. The motor runs on the regular 60-cycle, 110-volt 
A.C. circuit, has practically the same power input at high or 
low speeds and will not burn out if stalled. A binding post 
is provided on the support rod of the motor and is thereby 
electrically connected through the motor shaft to the stirrer 
so that the latter can serve as the rotating anode in electrolytic 
analysis. 


This is not a friction drive outfit, the stirring rod being 
direct-connected to the motor shaft by means of a. chuck 
which takes any size shank from 0 to 6.5 mm. and can be 
very tightly adjusted with the fingers. The speed of the 
motor is delicately controlled over a range from 200 to 1500 
R.P.M. by means of a governor contained in the housing and 
activated by means of a very positive screw adjustment. The 
speed range is, therefore, from a minimum as low as ever de- 
sired up to the maximum speed of the motor. While the 


No. 5230. 


speed is manually controlled through the setting of the ad- 
justing screw; the particular construction of the governor 
makes this speed control for a given setting automatic in that 
a decrease of speed (which might be due to an increase in vis- 
cosity of the liquid as the stirring progressed) brings the 
governor weights further in, thus reducing the friction be- 
tween the control surfaces and automatically speeding up the 
motor. The reverse would be true in case the resistance to 
the stirring were suddenly or gradually lowered. In all other 
stirrers employing either the friction disc or the worm gear 
drive, there is no constancy of speed when variations of the 
line voltage or variations of the load occur. 

The motor shaft is provided with thrust ball bearings, both 
top and bottom. The motor and governor have no wearing 
parts and the outfit will last for years. By arranging the 
angle of the motor shaft the stirring can be accomplished in 
any position desired. Each, $35.00 


5230A. NON-SPARKING MOTOR STIRRER. Similar 
to No. 5230 but for 220-volt, 60 cycle A.C. circuit. A “step- 
down” transformer from 220 to 110 volts is provided in the 
line. Each, $45.00 


W. M. WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 
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Ovr “American way” has been founded upon the 
principle of equal opportunity for all: equal opportu- 
nity to live, to become rich—and to learn. Except for 
our treatment of one or two racial minorities we do 
pretty well in the last of these three regards—until we 
come to the stage of higher education, which introduces 
economic and transportation difficulties because it 
cannot so easily be brought to the home. Further- 
more, it comes at about the time when the young per- 
son is expected to be earning his own living. The 
estimation that there are as many young people able 
to make good use of higher education as there now are 
in our colleges and universities has led to the proposal 
of a system of federal scholarships to subsidize a con- 
siderably larger attendance. A conference was recently 
held by the American Council on Education to es- 
tablish a basis for legislation to this end. The general 
success of the educational provisions of the “G. I. 
Bill” lends weight to the argument for assuring a col- 
lege education to every qualified American youngster. 
But a number of disquieting thoughts arise. 

No better scheme seems to be in mind than a politi- 
caily controlled board (or series of them) to grant 
scholarships, or “grants in aid,” as they may be called. 
The implications of this are disturbing, to say the least. 
Political control of scholarships can lead to almost any 
sort of restriction, as shown by the history of the 
fellowships of the Atomic Energy Commission. These 
were established by act of Congress in such a way as to 
insure scientific, nonpolitical administration. Never- 
theless, Congress in its very next session passed re- 
strictive and controlling legislation which altered the 
whole policy. 

Another and perhaps more disturbing consideration 
is that the large probable increase in student body can- 
not be handled by the colleges with their present 
facilities. Without a doubt, the federal government 
will be expected to provide the necessary expansion. 
Even the independent and privately endowed institu- 
tions will probably have to seek public support, at the 


considerable risk of government domination. There 
is a well-justified feeling that our education system needs 
plenty of strong, independent institutions free of any 
restrictions on their programs and experimentation. 

One strong voice in decrying the dangers of federal 
domination of higher education has been that of Dr. 
Henry M. Wriston, President of Brown University. 
In pointing out the way in which well-meant govern- 
mental help may dictate educational policy and ad- 
ministration he cites the result of the actions of almost 
any agency which grants aid for scientific research. 


When it decides, for example, that one institution may have 
a cyclotron and another may not, that is not merely a fiscal de- 
cision. It determines the nature of the work in physics in that 
institution, the kind of faculty it shall have, the courses and 
research open to the students: it determines internal policies by 
indirection, but no less effectively. 


Considering the larger problem, he has said: 


A primary consideration is that from the beginning tlie demo- 
cratic and egalitarian theories of America have led to the con- 
tinuous widening of educational opportunities. There is no 
reason to think that development will be halted, there is no 
reason to desire that it should be halted; there is every reason 
to hope that genuine educational opportunity as well as economic 
opportunity may both expand. 

Now the dominant fact is that support has to come from some- 
where; if it does not come from private sources, it will come 
from public sources. There is no danger whatever that the 
privately endowed universities will be taken over unless absence 
of resources creates such a vacuum that it draws in public 
money. ... 

Our task is to evoke intellectual power; we should not try to 
freeze an intellectual pattern into one form or another. In so far 
as is possible we must deal with things as they are in a way to 
stimulate students to seek to achieve ideal ends. 

This is dangerous business, but the use of minds is always 
dangerous. The essence of capitalism is willingucss to take 
risks: When risktaking is evaded capitalism withers and social- 
ism supervenes. The essence of a free educational institution is, 
in like manner, the willingness to take intellectual risks: Else 
the process is sterile and can be molded by the government into 


(Continued on page 116) 
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propaganda. Unless we are ready to make both these sacrifices, 
financial] and intellectual, the game is not worth the candle and 
we had best climb up on Uncle Sam’s knee as quickly and pain- 
lessly as possible. 


President Wriston feels that the American higher in- 
stitutions face a serious financial crisis; the majority 
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of the privately endowed liberal arts colleges now 
operate on a deficit basis and many more will go into 
the red this year. He fears that in order to meet this 
emergency colleges may find it necessary to curtail 
student activities and long-established educational 
services, even to lower educational standards. 


VNINY, 


PRECIPITATION OF GROUP II IN QUALITATIVE ANALYSIS 


THE concept of the control of sulfide ion concentration 
to the desired level by adjusting the concentration of 
hydrogen ion prior to precipitation of Group II in 
qualitative analysis frequently seems to beincomprehen- 
sible to beginning chemistry students. Accordingly 
they do not see the necessity of following directions 
precisely as to the amount of hydrochloric acid added 
and the total volume of solution. The over-all result 
is that they either do not precipitate all of Group 
II or that part of Group III is precipitated with Group 
II. 

The following experiment demonstrates clearly the 
effect of having either too high or too low hydrogen ion 
concentration for the precipitation of Group II. A 
solution containing cadmium and ferrous ions and a 
high concentration of hydrogen ions gives no precipi- 
tate when it is saturated with hydrogen sulfide. Re- 
ducing the hydrogen ion concentration by slow addition 
of ammonium hydroxide increases the sulfide ion con- 
centration to the point that the solubility product of 
cadmium sulfide is exceeded and a yellow precipitate 
is formed. Further addition of ammonium hydroxide 
causes ferrous sulfide to precipitate which is black 
and covers completely the yellow color of cadmium 
sulfide. If at this point the concentration of hydrogen 
ion is increased by the addition of hydrochloric acid the 
black ferrous sulfide dissolves first, leaving the yellow 
cadmium sulfide which in turn dissolves on further 
addition of hydrochioric acid. The slight opalescence 
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which remains is due to a small amount of sulfur formed 
by air oxidation of hydrogen sulfide. Since additional 
hydrogen sulfide has not been added to the saturated 
solution, this experiment demonstrates clearly the 
effect of a change of hydrogen ion on the sulfide ion 
concentration. 

Experimental Procedure. A solution prepared by 
mixing 6 ml. concentrated hydrochloric acid, 50 ml. 
distilled water, and 10 ml. solution of cadmium and 
ferrous ions’ is saturated with hydrogen sulfide. The 
solution is clear at this point. Dilute (3-4 N) am- 
monium hydroxide is added slowly from a buret to the 
well-agitated solution. After some ammonium hydrox- 
ide has been added a permanent yellow precipitate of 
cadmium sulfide is formed. On further addition of 
ammonium hydroxide the yellow color is completely 
obscured by the black ferrous sulfide which has been 
precipitated.? If at this point dilute hydrochloric 
acid is added. slowly the black ferrous sulfide dissolves 
leaving the yellow cadmium sulfide, which dissolves 
on further addition of hydrochloric acid. 





1 Solution contains approximately 2 mg. of each ion per milli- 
liter. It is prepared by dissolving 4.6 g. of 3CdSO,8H;O and 
10.0 g. of FeSO,-7H:O in a liter of water. If sulfates are not 
available chlorides may be used. The nitrates and ferric ions 
oxidize some of hydrogen sulfide to free sulfur. Nickel and co- 
— ions cannot be used as the sulfides are not soluble in dilute 
acid. 

2 A green precipitate of ferrous hydroxide will be formed if the 
solution was not completely saturated with hydrogen sulfide. 
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Figure 1. “Der Alchimist"’ 
from a painting by Carl Spitsweg 


THE ALCHEMIST IN ART—RELATION TO 
CURRENT SCIENCE’ 


Hisrory throughout the ages has experienced its 
glamorous as well as its less interesting phases. The 
history student is generally more interested in reading 
of the exploits of the explorers, the military leaders, and 
the great battles, than he is in studying of the historical 
statesmen. 

The history of science, with special reference to 
chemistry, is no exception to this general reaction. 
Without entering into a discussion relative to the most 
interesting periods in the history of chemistry, it is be- 
lieved that most scientists would agree that the al- 
chemical age is one which contains much in the way of 
human interest and appeal. 





' Presented before the Division of History of Chemistry at the 
116th meeting of the American Chemical Society at Atlantic City, 
New Jersey, in September, 1949. 


DOUGLAS G. NICHOLSON 
Fisher Scientific Company, Pittsburgh, Penna. 
Eimer and Amend, New York, N. Y. 


It is hard to set exact dates for the “alchemical 
period.” The gold-making stage is said to have started 
with the attempted transmutation of base metal to gold 
in China about 300 s.c. The Egyptians were highly 
skilled in metallurgical art, enameling, glass tinting, 
and dyeing. For this reason Egypt, the land of the 
black soil, is often spoken of as the motherland of chem- 
istry. The craftsmanship of the dark country became 
known as “al-khem,” which word came to the western 
world as “alchemy.”’ From China, it is believed that the 
gold-making “‘art’’ progressively passed to the Arabs, 
Egyptians, and thence to the Europeans. The most 
popular, and perhaps erroneous, concept of the al- 
chemical period is generally confined to the gold-making 
attempts which took place during the 16th and 17th 
centuries. 





Figure 2. The Alchemist 


This is a reproduction of a painting by Hendrick Heerschop (1620-1690). 
The domestic scene in the back room indicates the research is being con- 
ducted in a home. The artist has written his name and the date ‘'1687” 
in the book on the table. The draping of the tablecloth and the apron on 
the alchemist’s lap are particularly clear. (In order to differentiate this 
painting of ‘‘The Alchemist” from others of the same title, it is sometimes 
referred to as ‘‘the living-room laboratory.”’) 


Historical writings contain much in the way of in- 
formative (though not concise) facts relative to the 
activities of the alchemists: Clement, Plutarch, Hermes 
Trismegistus, and Geber are but four of the many al- 
chemists and writers who havé written of this art. 
While the indefinite written directions for certain specific 
transmutation experiments were probably intentional, 
the fact remains that this information has appeared in 
recorded form. 

Sketches which accompany the early writings are 
very elementary in nature and oftentimes include cer- 
tain of the magic and mysticism which was associated 
with the experimental directions. Concrete informa- 
tion regarding the details of the laboratories, the tech- 
niques of the investigators, or the types of equipment 
available, is seldom clearly represented in these sketches. 

In the later alchemical paintings we have a fairly 
accurate record of the appearance of the laboratories, 
the techniques used, and the equipment available for 
use by the alchemist, who was truly considered as one of 
the outstanding personalities by the people of this 
period. European artists began to paint the alchemist 
about 1400 a.p. The Dutch school, which flourished in 
the 17th century, was particularly active in this field. 

The alchemical age represented a transition in which 
the science of chemistry progressed from philosophical 
deduction to laboratory experimentation. It is believed 
that the prospective reward of honor, prestige, and 
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riches served as an incentive to the “discovery” of the 
secret of transmutation of the base metals. It wag 
necessary for the alchemist actually to demonstrate his 
“secret,’”’ and likewise he did not take the directions of 
others for granted, but actually “tested” them himself 
under laboratory conditions. 

Regardless of the rewards in store for the successful 
alchemist, it is quite evident that he had a sincere re- 
search interest and, even though working under adverse 
conditions and oftentimes in poverty, he was apparently 
not discouraged by lack of success and continued to 
strive for the ultimate goal. The discovery of the four 
elements, phosphorous, arsenic, antimony, and bismuth, 
is generally attributed to alchemical workers. 


Figure 3. Roger Bacon (1212-1294) the Alchemist-Monk at Work in 
His Cell-like Laboratory 


This picture is from a large etching by Howard Pyle (1853-1911), § 
favorite American etcher. 

In the picture, Bacon, the thinker, is evidently trying to reconcile the 
results of an experiment with the teachings of the time. The facial er- 
pression on the monk is particularly interesting, as are those of the clod 
attendant and housekeeper. It appears that the attendant is hesitating 
regarding whether or not he should enter the laboratory with a bow! of 
broth. 
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In spite of our tendency to 
become amused and smile 
at the techniques and efforts 
of the alchemists, the fact re- 
mains that today we have 
accomplished his goal, and 
the basic idea which was 
considered as folly some 
years ago is now reality. 
Our success has been at- 
tained by use of the most 
modern equipment by 
most outstanding scientific 
leaders of our time. 

Figures 1 to 7 show re- 
productions of some typical 
alchemical paintings. Many 
others have been repro- 
duced in Tuts JouRNAL in 
the past.? Since many of 
these originals are in color, 
the black and white prints 
do not portray their true 
beauty or artistic value. 





2 Tuts JOURNAL. 8, Frontis- 
piece, Oct. (1931). 9, 18, 
Frontispiece, Feb., June, July, 
Aug., Sept., Oct., Nov., Dec. 
(1932). 12, Frontispiece, Feb. 
(1935). 13,414(1936). 22, 242, 
308, 414 (1945). 


Figure 4. The Discovery of Phosphorus 


This is a colored engraving by William Pether (1731-1795), made from 
* painting by Joseph Wright (1734-1797). During a visit to Italy, an 
eruption of Vesuvius at night is said to have given Wright the idea of 
painting the effects of light. 


This is from a painting by Jacques Hammerer, made from an original by David Rychart III. 
interest story is portrayed. Flamel, the village scrivener, and his wife, Perrennelle, are testing one of the many 
alchemical manuscripts which he has been called upon to read for the townsfolk to see if this is ‘‘it.” 
an indefinite and hazy passage is encountered and Flamel turns to his wife saying: ‘‘That can’t be right.”” She 
is replying as she points to the passage: ‘‘It is so, just you look here and see for yourself.” 


Figure 5. The Alchemist and His Wife 


A human 


As usual, 


Some idea of the difference may be seen in the reproduc- 
tion of “Der Alchimist’”’ by Carl Spitzweg. Each con- 


tains an interesting story in itself. Likewise observa- 
tion of the equipment, the laboratory conditions, and 
the techniques in vogue at the time reveals that these 
workers could be considered as experimental scientists 
who were working under conditions which are far from 
satisfactory according to current standards. 

The alchemist is best characterized as a sincere 
worker, untiring in his effort to achieve the intended 
goal. He holds an interesting and important place in 
the history of chemistry. Artists’ records of the al- 
chemist at work are perhaps our best source of informa- 
tion about the equipment, the laboratory conditions, 
and the techniques of his time. 

The Fisher collection of alchemical and historical 
pictures, obtained over a period of approximately forty 
years, is the largest and most comprehensive in this 
field which is to be found. This collection consists of 
about 40 oil paintings, some of which are about 300 years 
old, about 150 original engravings and etchings, and 
several hundred photographs and copies. It is being 
continually augmented by purchase or by gifts from in- 
terested individuals. The collection hangs on the walls 
of offices and salesrooms of the Fisher Scientific Com- 
pany. Copies of certain of these are available, framed 
under glass, at a nominal cost. 
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Figure 6. The Alchemist 


This painting by David Teniers, Jr. (1610-1690), is considered the most popular of the many alchemical paint- 
ings by this artist. It is characterised by the use of rich tones, simplicity of its drawing, consciousness of depth, 
and correctness of detail. This painting has been reproduced as a cut in chemistry textbooks, bookmarks, and 
has been used as a design on certain medallions. 


Figure 7. A Pharmaceutical Laboratory 


A painting by Balthasar van den Bosch (1681-1715) which typifies the early pharmaceutical chemistry in 
which herbs and greens were gathered, crushed, and extracted with water, alcohol, or other solvent from which 
the drug or medicine was distilled. 

The equipment and operations depicted in this painting are far from those encountered in a modern pharma- 
ceutical house, or in our modern drugstores with their candy, cigar, and soda counters. (This picture is often 
referred to as ‘‘Pots and Pans.’’) 
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* RESEARCH AND DEVELOPMENT IN THE 


CHEMICAL INDUSTRY 


INTRODUCTION 


We have discussed the position of research in organ- 
izations, both of the centralized and decentralized types. 
The differences between these two types of organiza- 
tions apply perhaps more largely to the over-all 
management of the company, rather than to the acti- 
vities of an individual research laboratory, with which 
we are now to be concerned. Therefore I propose to 
describe the processes of research and development 
and their relation to production as carried out at the 
Monsanto Chemical Company, which is organized 
along the decentralized road, as an example which is 
probably applicable to either type of organization. 

In our case the individual research laboratory is 
headed up by the research director who may have an 
associate director and several assistant directors. 
One of the important organization changes which we 
have made in research in recent years is the addition 
of an administrative assistant to the research director 
to take out of this office all of the burdensome details 
necessary in operating any organization, and to leave 
the research director free to think. This is our partial 
answer to Dr. Mees’ criticism that we should make the 
youngest chemists directors and the older men workers. 
We haven’t quite done that but we have tried to relieve 
the older man who has had the misfortune to become 
an executive, of some of the burdens of that high office. 
The research director is also in charge of pilot plants 
throughout the company. This is contrary to the 
practice in many companies which make pilot plant 
operation a separate entity, a marvelous chance for 
buck passing. However, you will find that in spite 
of our decentralized general organization, we have a 
great tendency toward integration within the units. 
As an instance of that the research departments in 
practically all of our divisions are actually operating 
small scale manufacture, a natural outgrowth of pilot 
plant operation. 

In this discussion I propose to treat research as a 
function rather than as a subject coming only under the 
research director. Therefore, some of the parts of the 
function will be carried out under the direction of 
others, but for my purpose will still be classed as re- 
search. 


RESEARCH MIND VERSUS PRODUCTION MIND 


‘ 


Whether or not there is a definite research mind and 
4 definite production mind is a moot question which 
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has given rise to many hours of pleasant and occasion- 
ally acrimonious discussion. As it is one of those 
questions which can never be definitely settled, it can 
be used forever. It is my personal feeling that even 
though these types of mind were not originally separate, 
they become so by experience and particularly in the 
best specimens of each. There are just enough good 
exceptions to this statement to make its surety inse- 
cure. Whoever said, ‘The more it changes the more it 
is the same,’”’ was probably speaking of a representative 
research mind. It is the business of research to change 
its mind, though sometimes one suspects that change is 
made for the sake of change. It has been interesting 
to me to note that this extreme flexibility is condi- 
tioned to technical matters and not to managerial] or 
other spheres. We find it very difficult for our re- 
search directors to accept new methods of research 
management, although they will feed avidly on a new 
technical reaction or method. In other words, the 
over-development probably only applies to one side of 
living and I would suspect them all of being strong 
Republicans. The research mind has an impatience 
with the imperfect, which makes it feel that something 
can be done about it, a quality lacking in many quieter 
minds. There is an interest in knowing “why” as 
well as ‘“‘what’’ goes on, probably created by the experi- 
ence that knowing “why” enables greater skill in 
‘““what.’”’ 

The production man, on the other hand, is condi- 
tioned to “keep it going.” The effect of constant study 
of costs on his thinking has made him realize the impor- 
tance of that wonderful figure, the divisor, which sits 
at the bottom of the cost sheet and, if‘large, covers up 
so many mistakes. He has his policemen, the control 
laboratories, who can give him a ticket if the quality 
is not up to standard. Hence he resists tinkering with 
the plant, though sometimes that is cheaper than build- 
ing a pilot plant. 

The problem of management is to team these two 
together. You may visualize that we are dealing with 
two warring weatherfronts, shifting back and forth over 
the continent and distributing storms wherever they 
meet. If you will note the weather forecasts you will 
see many times a “static front” which designates no 
conflict.. As a matter of fact, there is nothing wrong 
with a little conflict. The truth is probably between 
the two and if either one constantly prevailed we would 
have rather dull and constant weather, unconducive 
to the growth of anything. 
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GENESIS OF IDEAS 


The great question we are often asked is, ‘“‘Where do 
you get your ideas from?’ Who can prophesy? 
The open mind will pick an idea from anyone, anyplace, 
at any time, even from an executive. On the chemist 
or chemical engineer lies the obligation of constant 
reading of the technical and patent literatures, which 
stores his mind and sharpens his wits. He who spends 
his evenings at the bridge game, in the movies, or the 
poolroom, is unlikely to be an ideamonger. Anybody 
can put in time, but few contribute brains. In any 
chemical company a large fraction of the ideas come 
from demands of customers, and we must be careful 
never to get so ingrown that we despise the ideas of 
outsiders. This may sound like an unnecessary pre- 
caution, but it is surprising how easily megalomania 
can creep in. The Irish did not invent “Sinn Fein” 
(ourselves alone). They only expressed the feeling of 
a rather large fraction of the human race. 

One of the most surprising discoveries is to find that 
the more ideas one has the more one continues to have. 
It has always surprised me, as it seems to contravene 
the second law of thermodynamics and shows that 
physical laws are not as universal as they might be. 
Imagination must be fed with images and built with 
backgrounds, so that a man may expect as he gets older 
to become more prolific in ideas rather than less, even 
though his legs may constantly diminish their output. 

In the handling of ideas by the individual, judgment, 
that rara avis of the world, comes into vital prominence. 
Many lack sorting qualities, and sooner or later cease 
to command a hearing. I am quite certain that an 
occasional good idea is lost by this means, but one 
cannot search too long for a millimeter layer of coal 
two thousand feet under the ground. 


SORTING OF IDEAS 


Most research laboratories have a review or planning 
committee to sort out promising ideas coming to it from 
all sides. It is wise on such a planning committee to 
have representatives of top management, of research, 
of production, and of sales, so that all points of view 
may be represented in choosing from the shelf those 
ideas most likely to bring success. In the planning of 
any research program the conditions of the moment 
must be carefully observed. We will have ideas con- 
nected with improving our present processes, even to 
the extent of entirely new processes for our present 
products. Others will deal with new materials to be 
made out of those we are at present producing. Still 
others will go further afield and demarcate new areas 
to conquer. A great class consists of ideas for applica- 
tion or uses of products, which is the background of 
the extension of sales. At all times a study is being 
made of the proper balance of the program of these 
various classifications. The planning committee may 
be considered a juggler keeping five balls in the air at 
once in proper relation to each other, which is a lot, if 
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you will reflect, to ask of any juggler, and more than 
most can perform. From time to time emphasis shifts. 
Just after the war we were interested in developing and 
putting into operation processes for new products, 
At the moment there is a tendency to realize that many 
of our old processes need looking after and can stand 
improvement against the day of severe competition 
presently to arrive. All of these factors weigh in 
deciding whether or not to go ahead in the development 
of any one particular idea: the nature of the idea, the 
cost, the difficulty of carrying out the work, the balance 
in the research program of the company at the moment, 
and the length of time likely before fruition. 

The research program, therefore, is planned, as well 
as research ever can be, as to subject, but it cannot be 
planned as to time, nor should any plan be adhered to 
merely because it isa plan. Planning, yes, but without 
rigidity, is a desideratum in the operation of a successful 
research program. An unsuccessful piece of research 
work may easily lead to quite a new approach, unheard 
of in the beginning. Every one of our group leaders is 
given a certain amount of free time and a budget for 
the working out of his own pet hunches, without ap- 
proval or often without discussion even with the re- 
search director. If his hunch, after a short time, looks 
successful the project is given approval on its own and he 
goes ahead to use his free time for other flights of 
fancy. Like the battery of an automobile the imagina- 
tion must be exercised if it is going to have the strength 
to turn over the starter. 

The planning committee from time to time reviews 
the progress of the work being carried out, by means of 
reports and conferences. The best of planning will not 
eliminate dead horses, and cleverness in research 
management implies their quick recognition and decent 
burial. 


THE NEW PRODUCT 


A large part, and unfortunately the spectacular part, 
of research is concerned with new products. With the 
growth of our companies there has been a loss of the 
old intimacy between research and production. At 
one time they were united in the same man and even 
later the differentiation ‘was small. Now each is too 
busy with his own concerns to take much time with 
those of the other. Sometimes it almost seems as 
though they haven’t time to fight properly. Our prob- 
lem is to stop this working in a vactium, to break up the 
water-tight compartments, to realize that we are dealing 
with people and not things and shape our course ac- 
cordingly. The clever plowman takes advantage of the 
natural curves of the land and by contour plowing pre- 
vents erosion. 

All men, research, design, and production, have cer- 
tain skills which if utilized bring results most quickly. 
Our question is, “Can we make it with what we have 
and with what we know?” Therefore it is essential 
that we should bring in design and production early 
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in the process and fit that process as much as possible 
to their skills and suggestions. The result of this is that 
everyone thinks it is his own process, which has a highly 


salutary effect on his promotion of it. The theoretical 
chemical engineers will have nothing to do with this, 
nor would Walker, Lewis, and McAdams countenance 
it for a second. To them there is the one best way. 
But they do not have to run plants, and we believe 
that what I have stated is the way to get results with 
the tools we have to work with. A new set of tools 
would merely have other characteristics, not more. 
Theoretically this procedure also tears down the organ- 
ization charts which really demand that research finish 
their work, send the report to design, who in turn finish 
their job and send a report to production. This is a 
wonderful scheme for charts but poor for profits. 


PILOT PLANTS 


After the laboratory comes the pilot plant—but 
does it? To pilot plant or not to pilot plant, that is the 
question. In processes closely analogous to those now 
operating it is questionable whether it is necessary to 
go to the expense and to consume the time necessary 
for building and operating a pilot plant. Where the 
operating plant to be used is available, and the process 
easy, it is very desirable to weigh the cost of a few 
spoiled: batches against that of building and operating 
a pilot plant and the delay in getting started. With 
progress in chemical engineering, more and more can be 
calculated, but do not trust the slipstick boys too 
greatly. Few of them have ever run a plant. If they 
had as much faith in God as they have in coefficients 
they would be saints. A secondary reason for a pilot 
plant may even outweigh the primary, namely, the 
necessity for providing small amounts of product for 
sales development. 

Then we have the problem of the push from the non- 
technical executives, who think that no progress is being 
made on a problem until it is in the pilot plant stage. 
Mr. John W. Livingston used to have a theory in 
which he claimed that clever management found out all 
the information in the laboratory and then built the 
pilot plant, made one run to prove it, and was finished. 
This, of course, is an ideal. It is something like a geo- 
metric limit, to be always dpproached and never 
achieved, but it isn’t a bad goal to set ahead. Chemi- 
cal engineers do not like to work in the laboratory. 
Hence they prefer to run experiments on the much more 
expensive scale of the pilot plant. In this they need a 
curb, and the curb should start back with the chemical 
engineering departments of the universities, else we are 
going to find that the present demand for chemical 
engineers will turn into one for engineering chemists. 

In the pilot plant is where it is particularly important 
to briag in the design engineers and production men 
early. One of the characteristics of design engineers 
is that they always want more information. They 
have no saturation point in this regard. Therefore it 
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is wise to let them get their questions out of their 
systems while the pilot plant is being designed, is in 
being and in operation, rather than have to re-erect 
it or start it up again later for the specific purpose of 
satisfying their curiosity. I can remember when 10 
times pilot plant was considered a good safe rule. Now 
nobody worries at 20 times and we hear occasionally of 
50 times or even more in some specific cases. We must 
remember that management cannot get its answers from 
a handbook. 


PLANT DESIGN AND ERECTION 


By the end of pilot plant operations, design engineers 
and production men are fully informed on the process. 
Engineering takes over and makes a prospectus report 
to the general manager. In this report, which is really 
the first detailed over-all review of the project, they 
cover the best process so far devised, set the tonnages 
as estimated by sales, and give detailed construction 
and operation costs. In our case there is very often a 
question of plant location to be decided, based on the 
above data. The report ends with the complete cost 
of production, possibly for several brackets of output, 
in a number of locations, together with the conclusions 
and recommendations of the department, for action. 
No report of any kind is ever made without the author’s 
recommendations for decision, as if he were in a position 
to decide. You cannot build judgment without prac- 
tice. 

After the prospectus report has been reviewed and 
passed by the general manager, definite decision is 
made by him if the capital involved is $15,000 or less, 
by the Executive Committee if between $15,000 and 
$50,000, and beyond that with the recommendation of 
both, by the Board of Directors. 

Now comes construction. Ordinarily we and many 
other companies do not maintain large enough con- 
struction forces to build our own large plants, so that 
the engineering department is given responsibility for 
construction and the actual work is carried out by out- 
side contractors. 


TRAINING ’ 


With many new installations which approximate the 
same kind of manufacture carried on hitherto, and where 
the production staff’s particular skills are being used, no 
very great amount of training is necessary. However, 
in the case of something radically new, we have a 
situation like the familiar time versus temperature 
relationship. One can spend money on training and 
have good operation from the start or one can give no 
training and put the time and money into poor opera- 
tion. It is obvious that judgment is required on the 
balance between these two methods, but in our experi- 
ence poor production and poor quality run into money 
at astronomical speeds, and the balance is strongly in 
favor of the training period. Again the amount of 
training depends upon the newness and difficulty of 
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the operation and the degree to which it departs from 
the ordinary skills of the production staff. 

I am going to run through for you the procedure we 
followed recently in a new and complicated synthesis. 
I might say that this is probably the most training we 
have ever done in any one project and undoubtedly for 
simpler things some of the steps could be shortened or 
eliminated. The first principle in our thinking on 
training is to deal with the supervisors, not the opera- 
tors. This might seem to be peculiar, but we have to 
remember that the supervisors are likely to be with you 
at least for a considerable period of time, whereas the 
operators may be gone tomorrow,and then the training 
will have to be done all over again. If the supervisor 
hasn’t gone through the job himself, he is not going to 
be very capable of training others. Training also can 
be started long before the plant is finished so that plant 
and staff come to fruition at the same moment. 

We first started with a lecture course on the chemistry 
of the operation, with special chemists assigned to each 
step. In this course the variables were thoroughly 
discussed, pitfalls pointed out, and control points shown, 
and -by means of laboratory data, it was demonstrated 
what can happen and how the process can be messed up, 
the fate of most new ones. 

The next step was to have the produciion supervisors 
in groups go into the laboratory and watch the chemist 
run through the whole process in glass, where they could 
see just how the materials looked and acted. Some 
batches were purposely mishandled to add to the 
process the fear of God. There followed a return to the 
classroom, where each supervisor was provided with a 
flow sheet and a skull-practice session held. In this 
the research engineer went through the process on the 
blackboard step by step and forced the supervisors to 
visualize it in their minds. With this picture they were 
taken to the pilot plant and runs were made there with 
production men observing. 

By now the plant was ready and each piece of plant 
equipment was run with water, first by the research 
and then by the production men, calibrating all tanks, 
pumps, and so forth, checking all controllers, thermom- 
eters, and gages, after which we were ready for the 
first plant batches. These first batches were run 
slowly rather than up to tempo. In musical terms, 
andante came before allegro. All these steps might not 
be necessary but this plant produced in the first batches 
96 per cent to 97 per cent of laboratory yield and a stand- 
ard quality product. A long period, often of several 
months, of expensive plant operation, working out the 
“bugs,” was largely eliminated, and we are convinced 
that training pays. I feel sure that we will see more of 
it rather than less. 


PLANT DEMONSTRATIONS 


Even on simpler jobs than that described above it is 
our common practice to have the research department 
demonstrate a process in the plant before it is agreed to 
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and taken over by production. In this case research 
is responsible for the process but not for labor, mate- 
rials, and so forth, while production actually runs the 
plant. If a demonstration shows that the operation is 
satisfactory, a standard process is written up and signed 
by both research and production. 


NEW OR IMPROVED PROCESSES FOR PRESENT 
PRODUCTS 


New products are the glamor boys, but the present 
ones produce the bread and butter if not the kudos. 
Insurance research is vital for any company wishing 
to stay in business. Any process which has been run- 
ning for ten years should certainly be looked at. | 
nad an amusing experience once with the technical 
director of our English subsidiary. When I met him 
for the first time we proceeded immediately to talk 
out all of our various ideas and in the course of the 
conversation I made the remark that any process which 
had been running ten years should be changed. ‘The 
English don’t like change and he promptly blew up and 
pointed out that they had a pump which had been 
running a hundred years. My reaction was that he 
only confirmed me in my opinion. However as the net 
result I softened down the statement and got him to 
agree that perhaps they ought to be looked at anyway. 
I firmly believe that this is so, and would almost like to 
see a schedule set up that management could review the 
processes periodically to make certain that thorough 
re-evaluation was being properly carried out. It is so 
easy to forget and the ordinary always seems right. It 
is even more important to keep in close touch with 
processes used by competitors and potentially radically 
new methods of making your own products. 

Some of the work done on the present products may 
be of a relatively minor nature, such as trouble-shoot- 
ing, improving yields, increasing output. If you can 
increase yields and improve output in a given plant, it 
shows that your work wasn’t well done in the first place, 
for which there may be excusable reasons. Often, 
however, a completely new tack must be taken and we 
have almost the case of a new product, and much that 
has been said in that category will apply. 

A new improvement must be demonstrated in the 
plant in exactly the same manner as the original process 
was. If this improvement came from research, then 
research is responsible for the chemistry of the process, 
but not the labor or materials, and if the improvement 
appears to be successful, both research and production 
sign a process amendment. If the improvement came 
from production, research may or may not do laboratory 
work on it. Production will demonstrate and research 
will sign the process amendment if it is satisfied with the 
demonstration. However, in this particular case pro- 
duction can change the process after demonstration, 
without the consent of research, since theirs is the prime 
responsibility. This doesn’t happen too often because 
few men dislike comfortable alibis. What I have given 
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is the general procedure, but many small trouble- 
shooting jobs for production are not so formalized. 


PLANT INVESTIGATION GROUPS 


There has grown up in many of our plants, as in those 
of other companies, a group of chemical engineers 
responsible to production, who while not entirely so, 
still are largely concerned with what ought to be classi- 
fied as research. In the old days production super- 
visors could do a little experimenting of their own, but 
this is no longer possible with all the multitudinous 
duties which have grown up, the handling of labor which 
absorbs a large fraction of their time, and the general 
increase in output and sales over the past ten years. 
The plant investigation group started out to do trouble 
shooting and small research jobs, smaller than those 
ordinarily sent to the research department. They are 
engaged in a critical study of the processes, determina- 
tion of apparatus, and step efficiency. Is the design 
quota being met? There has been a tendency. recently, 
particularly during the great push on construction 
which most of us have been going through, to have the 
plant investigation groups help out the design engi- 
neers, for which they are particularly capable because 
of their close contact with operation. Finally the plant 
investigation group makes an excellent training ground 
for young chemical engineers coming out of school, if 
the group is large enough to stand some dilution. 


SMALL SCALE MANUFACTURE 


I have been talking of the interaction between the 
research groups and the production supervisors, where 
the former assists the latter to start and operate new 
plants and in process changes. We now come to an 
area in which in our company research has swallowed 
production. We often say we used to have a pilot 
plant and the manufacturing department stole it. 
Actually this is not the case. Research stole part of 
manufacturing. During the war the pilot plant in 
St. Louis was completely absorbed in small scale manu- 
facture and since then hassofunctioned. This was due 
to the fact that at the time we could not build new 
plants and had to utilize what we had. Since the war 
a new pilot plant has been built, but both have con- 
tinued under the management of the research depart- 
ment. 

First let us ask ouniens what is small? There is no 
hice answer to that, but we consider that in the small 
products plant we should be dealing with products of 
the order of five to ten thousand lb. per month of or- 
ganic chemicals. A heavy chemical division would 
obviously laugh at such a definition until they took a 
look at the dollars. Possibly a fine chemical concern 
would be astounded to hear that 10,000 lb. per month 
was small. At any rate the measure shows the range. 
Here is a tie-in to sales and commercial chemical 
development as well as to production, and the natural 
start of the whole idea was in the second purpose of a 











pilot plant, namely, provision for sales development, 
although war conditions accelerated the pace of change. 

It may be asked why keep such an operation in re- 
search, and one of the answers is that in the nature of 
the situation we have excessive variations, more suited 
to the research mind than that of production. One 
must be able to shift almost day by day, to transfer 
apparatus from one process to another, to improvise, 
to change one’s mind. Furthermore, even our true 
pilot plant is also partly doing small scale manufacture 
in its normal operation, since we must keep the com- 
mercial development in pace with the rest of the re- 
search. If we waited until the plant was constructed 
before we started to do the commercial development, 
we would not construct the plant. 


The accounting for small scule manufacture is kept 
entirely separate from research and is not reported as 
research expense. The products are charged into sales 
inventory at cost and sales takes the loss or the credit. 
I don’t know what cost-conscious research director 
worked out this scheme originally, but sales took a 
gamble and have won. Sometimes it doesn’t pay to be 
too clever. 


CENTRAL RESEARCH LABORATORY 


It may not be amiss to describe here the function of a 
central research laboratory, which does not come under 
the direction of the general managers of divisions. It is 
quite natural that since each general manager is respon- 
sible for the expenditures and results of his division, the 
research laboratory under his control is likely to have its 
work orientated strictly to the needs of the division. 
Yet we all recognize that there should be what might be 
called a floating research force, which will not be tied 
down to production problems or parochial outlooks 
but will be a place where problems can be entertained 
not directly connected with present operations. This 
does not mean that we have here a sort of academic 
laboratory—the problems are likely to be quite as 
mundane as those in the divisional laboratories—but 
they will be in fields unlikely to be handled by those 
laboratories. Likewise the floating research force is able 
in times of stress to pick up a problem which the other 
laboratories are not able to handle, and bring forth 
results in time for use. 

The proper way to run a central research laboratory 
is to sell the development to a division at any stage at 
which they will pick it up, and then go on to work on 
something else. Our problem has never been one of 
not having ideas, but of never being possessed of 
enough manpower and money to carry all of them out. 
Final design and plant construction are handled by 
either the divisional engineering organization or a simi- 
lar floating force of engineers, called the General Engi- 
neering Department, which functions in engineering 
much as the Central Research Department does in 
research. It, too, is concerned with matters not so 
closely allied to the operation of any one division, but 
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of importance to the company as a whole, and it also 
acts as a strategic force where the pressure is greatest. 


CONCLUSION 


No system is as tight as it seems and in describing 
the relation between research, engineering, and pro- 
duction to you, as carried out at Monsanto, it has been 
necessary in some parts to oversimplify and perhaps 
in others to make it seem more complicated than it is in 
practice. There are many shortcuts, but they vary 
with each problem. What I have been describing is 
the procedure applied to organic chemical manufacture. 
Some of our other plants use variants but the general 
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principles are the same. We see no reasons why they 
should adopt body and soul any particular procedure, 
nor do we feel that other companies should copy what 
we do, as such. Life is constant adaptation and we 
change just as soon as we find anything better. 

We must remember that both research and produc- 
tion men are simple human beings, and if treated as such 
will work smoothly together. Honest differences of 
opinion are not necessarily pigheadedness, but perhaps 
merely lack of salesmanship. Both groups could profit 
by early and often doses of human relations training. 
If education is a short cut to experience, why should we 
always learn the hard way? 
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* UNKNOWNS FOR MOLECULAR WEIGHT DETERMINATION 


Tue determination of molecular weight by the Victor 
Meyer method is one of the most firmly established 
experiments in chemistry. However, its usefulness is 
somewhat limited when carried out with the usual 
laboratory apparatus due to the limited number of sub- 
stances available for the determination. But un- 
knowns may be prepared by the following method. 
Various proportions of ethyl ether and chloroform 
are measured out from suitable burets into small cork- 
stoppered bottles. In this way a large series of samples 
can be secured with “molecular weights” varying from 
that of pure ether to that of pure chloroform. The 
series used in this laboratory is given in Table 1. It 
will be noted that the total sample prepared is 15 ml. 











TABLE 1 
Sample No. CHCl, ml. Ether, ml. Molecular Weight 
1 1 14 77.9 
2 2 13 81.6 
3 3 12 85.1 
4 4 1l 88.5 
5 5 10 91.8 
6 6 9 95.0 
7 7 8 98.1 
8 8 7 101.1 
9 9 6 104.0 
10 10 5 106.7 
ll 1l 4 109.4 
12 12 3 112.0 
13 13 2 114.5 
14 14 1 117.0 








H. D. CROCKFORD 
Venable Chemical Laboratory, University of North Carolina, 
Chapel Hill, North Carolina 


and the variation in the molecular weight is roughly 
three units. Many more variations are, of course, 
possible. The formula for calculating the molecular 
weight of a sample follows: 


1.48 X 74.1 X 119.4 X ml. CHCl, + 


74.1 X 148 X mil. CHCl + 
0.71 X 74.1 X 119.4 X ml. ether 


119.4 X 0.71 X ml. ether 


13,100 X ml. CHCl; + 6284 X ml. ether 
109.7 X ml. CHCl, + 84.8 X ml. ether 


where 1.48 and 0.71 are the densities of chloroform and 
ether and 119.4 and 74.1 their molecular weights. 
The procedure used in this laboratory is to require a 
student to secure satisfactory checks with a pure chemi- 
cal, after which he is then required to secure checks of 
the same order of accuracy with an unknown from the 
above series. The determination is carried out witha 
small glass bulblet as described in Experiment 2 of “A 
Laboratory Manual of Elementary Physical Chemis- 
try,” by Mack and France (D. Van Nostrand Co.). 
The bent-over end of the bulblet is immersed directly 
in the bottle containing the sample. Filling is effected 
by the usual technique. By filling directly from the 
sample bottle possible change in concentration due to 
differential evaporation is prevented. Experience over 
a number of years has demonstrated that the results 
obtained with the mixtures are as accurate as those 
obtained with the pure substances. 





Molecular weight = 
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A PHYSICAL-CHEMICAL APPROACH TO 


REACTION KINETICS 


A srupy of the exact mechanism and the kinetics of 
each step of a chemical reaction of industrial importance 
is often useful in ascertaining the optimum operating 
conditions necessary to produce the most efficient yield 
of product. 

In this paper we will discuss the physical-chemical 
principles and methods which are important in such a 
study. Usually, the first problem is to attempt to 
establish a satisfactory mechanism for the reaction 
under consideration. This requires a series of experi- 
mental observations followed by an attempt to corre- 
late the observed results with various postulated 
models. 

In many cases the results do not have a straightfor- 
ward interpretation because of complicating processes 
such as chain reactions, wall effects, and catalytic in- 
fluences. Although they are considerably more difficult 
to incorporate into a mathematical treatment, these 
complicating factors deserve careful consideration be- 
cause of their marked effect upon the amount and type 
of product formed in the reaction. 

In establishing the reaction mechanism it is some- 
times found that certain steps are not consistent with 
expected behavior. In order to understand these 
anomalies it is necessary to use the theory of absolute 
reaction rates as developed by Eyring and co-workers. 

This paper will separate the problems involved in a 
kinetic study into the three major groups: 


I. Establishment of the reaction mechanism. 
II. Consideration of the complicating factors. 
III. Calculation of the rate of individual steps. 


ESTABLISHING A REACTION MECHANISM 
General References 


DantEzs, F., ‘‘Chemical Kinetics,’”’ Cornell Press, 1938. 
ScoumacHER, H. J., ‘‘Chemische Gasreaktionen,” Th. Steinkopf, 
1938, 


Initial Observations 


The formulation of the reaction mechanism should be 
based on the results of initial experimental observations 
designed to answer the following questions: 

(A) Is the reaction homogeneous or heterogeneous? 
This can best be determined by varying the surface-to- 
volume ratio of the reaction vessel and noting the in- 
fluence, if any, on the observed rate of the reaction. 
Any catalytic influence can also be detected by varying 


JOSEPH O. HIRSCHFELDER and CHARLES A. 
BOYD 


Naval Research Labeontory, University of Wisconsin, 
Madison, Wisconsin 


the chemical and physical nature of the surface of the 
walls by etching or coating. The classification of a 
reaction as homogeneous or heterogeneous is essential 
for a clear understanding of the reaction mechanism. 

The picture becomes complicated for reactions which 
are essentially homogeneous but which have a rate 
which varies only slightly with the nature of the reaction 
vessel. Such effects are often due to the sticking of 
free radicals to the walls and the stopping of chain re- 
actions. Thus, in the thermal decomposition of ethyl 
bromide, Veltman and Daniels! found that the rate 
increased by a factor of two in going from a small to a 
large reaction flask and that this fast rate was character- 
istic of the reaction in a small flask with a carbonaceous 
coating on the walls. 

In industrial plants it is often found that new reaction 
equipment takes some time before it attains its regular 
operating characteristics, presumably because the 
nature of the surface is being changed. 

(B) Is the reaction thermal or photochemical? Ob- 
serve the change in rate when light of different fre- 
quencies and intensities shines on the reacting system. 
If the reaction is affected by light the quantum yield 
as a function of temperature should be determined, 
that is, how many molecules react for each quantum of 
light absorbed at different temperatures. 

If the reaction rate is increased under the illumina- 
tion, we can learn a great deal about the initial step of 
the reaction. Light of a given frequency in many cases 
can. break only a specific bond in the molecule. If the 
quantum yield is large, the reaction faust occur by a 
chain mechanism. The effect of varying the tempera- 
ture gives information about the subsequent steps in the 
mechanism. 

(C) Is the reaction a chain reaction? This can often 
be ascertained by adding traces of O., NO, and other 
substances which might have a large effect on the rate. 
Induction periods in the reaction rate suggest chain 
reactions, and if the addition of traces of any materials 
has a profound effect on the induction periods the re- 
action is surely a chain. 

Christiansen? has shown that in all cases where a 
small amount of added material produces a marked 
change in the reaction rate the existence of chain re- 
actions or of catalytic effects is indicated. Due to their 


1 Veurman P. L., anp F. DantE1s, J. Chem. Phys., 7, 756 (1939). 
? CHRISTIANSEN, J., J. Phys. Chem., 28, 145 (1924). 
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electronic structure, O02 and NO both react readily with 
free radicals changing the length of the reaction chains. 


(D) What is the over-all order of the reaction? - 


This can be determined by varying the concentration 
of the reactants. The order of the reaction is very 
important since any proposed reaction mechanism must 
correspond to the experimentally observed order if the 
proposed mechanism is acceptable. 

(EZ) What is the activation energy? This is deter- 
mined from measurements of the specific reaction rate 
constant at various temperatures. Knowledge of the 
activation energy helps in the selection of a reaction 
mechanism since the measured value must be consistent 
with the proposed scheme. The entropy of activation 
(see section on theory of absolute reaction rates) is also 
useful for this purpose. 

(F) Does the reverse reaction play an appreciable 
role in determining the rate? This may be investigated 
by determining the effect upon the observed reaction 
rate of varying the concentration of the products. 

Having answered the preceding questions, one is in a 
position to consider the reaction mechanism. 


Consideration of the Reaction Mechanism. 


First, write down all of the reactions which are in ac- 
cord with the initial observations. Then rule out those 
which are not reasonable on the basis of activation 
energy or entropy considerations. 

The final test comes in checking the observed order 
of the reaction with that predicted from the kinetics of 
the proposed mechanism. To accomplish this, set up 
and solve the rate equations for the rate of change of 
each one of the components of the reaction system. 
The mathematics involved in the solution of these 
equations is often quite difficult, and indeed if the re- 
action involves a number of steps, either consecutive or 
competing, it may be impossible to obtain the solution 
in a closed mathematical form. However, it is usually 
possible to arrive at a “steady-state” solution which is 
valid after the initial induction period. 

To obtain a steady-state solution, first set the rate of 
change of all the intermediate products equal to zero. 
Then solve the resulting algebraic equations for the 
rate of change of the initial reactants. 

For example, consider the following reactions: 


ky 
A2@B+C (1) 
ky’ 


ks 
A+B—-D (2) 
The rates of change of the concentrations of each 
component are: 
d[A]/dt = —k,[A] + k’[B][C] — k[A][B] 
d[B)/dt = k,[A] — ky’[B}[C] — ke[A}[B] 
d[C}/dt = k,[A] — k’[B][C] (5) 
d[D]/dt = k,[B){A] (6) 
After the initial induction period [B] changes very 


(3) 
(4) 
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slowly with time, and so it is a good approximation to 


assume that: 
d(B]/dt = 0 (7) 
Thus we find 
[B] = (%[A])/(h:’[C] + he[A]) (8) 
and 


afA]/dt = —2d[D]/dt = (2kyke[A]*)/(hi’[C] + e[A]) (9) 


This particular reaction would be classified as some- 
where between the first and second order in the con- 
centration of A and between the zero and minus first 
order in the concentration of C. Such complex reac- 
tions are difficult to analyze because it is hard to tell from 
the experimental data whether the rate is governed by a 
single rate constant or whether it is determined by a 
complicated group of terms as in Equation (9). Ob- 
viously the over-all activation energy for the rate of 
change of A will vary with the concentrations of A and 
C. This in itself should point to a complex mechanism 
for the over-all reaction. It is only the rate constants 
for the individual steps, ki, ki’, and ke which lend them- 
selves to a theoretical treatment such as the theory 
of absolute reaction rates. 

There is an initial induction period when A is the only 
molecular species present to any appreciable extent. 
During this time the initial rate of disappearance of A 
is given by: 

d[A]/dt = k,[A] (10) 


This initial rate can be faster or slower than the steady- 
state rate depending on the magnitude of ki’/k:. 
However, it takes a considerable length of time before 
any molecules of D are formed. This induction period 
is sensitive to the temperature of the reaction chamber. 


COMPLICATING FACTORS 


Many reactions cannot be simply interpreted because 
of the catalytic influences of trace impurities or walls. 
However, catalysis is extremely important in most 
industrial reactions and has 2 profound effect upon the 
rate of formation of a desired product and upon the 
general course of the reaction. 

A catalyst may speed up the rate of a reaction by 
breaking up the original over-all reaction into a number 
of individual steps, each of which has a smaller activa- 
tion energy. The net reaction proceeds at a faster 
rate than the uncatalyzed reaction. The most that 
can be expected of a useful catalyst is that it will hasten 
the establishment of the thermodynamical equilibrium 
between the reactants and the products. No catalyst 
can force a reaction to proceed in violation of principles 
of thermodynamics. For example, it is possible to find 
a catalyst which will speed up the reaction of hydrogen 
and oxygen, but a search to find a catalyst to convert 
water into hydrogen and oxygen (under ordinary con- 
ditions of temperature and pressure) would prove 
futile. If one wishes to reverse such a reaction, the 
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operating conditions must be changed until it is ther- 
modynamically feasible. 


Homogeneous Catalysis or Chain Reactions 


The existence of chain reactions is indicated in all 
cases where a small amount of added material produces 
a marked change in the measured reaction rate and in 
all cases where the quantum yield for photochemically 
initiated reactions is larger than unity. These chains 
occur in a surprisingly large percentage of the ordinary 
chemical reactions, and serve the same purpose as a 
catalyst—4. e., they reduce the activation energy by 
allowing the reaction to proceed in a number of easy 
stages instead of one difficult step. 

One example of a thermally initiated chain* is the 
oxidation of Na,SO; by dissolved O.. It was shown 
that this oxidation is negligibly slow when the Na,SO; 
is highly purified. However, the reaction takes place 
more rapidly when the concentration of copper ions is 
greater than 10-'* molar. Haber‘ showed that the 
copper acts in the following manner: 

(1) The first step is an oxidation of the SO; 


Cut+ + 80,7 — Cu* + S80,- 
(2) If no Og is present, dithionate ions are formed 
280,- — 8:0." (12) 
(3) In the presence of dissolved oxygen, the SO; 
undergoes a series of reactions which oxidizes the sulfite 
and regenerates itself thus giving rise to a chain 
S80;~ + 0; — SO,- 

H.0 + SO;- ~ HSO; + OH- 
HSO; + SO,~ + H,O — 280," + OH- + 2H* 

OH- + S0O;~ — SO,- + OH- 


(11) 


(13) 
(14) 
(15) 
(16) 

This process must occur over and over again, at 
least 1018 times for each SO;~ formed in order to account 
for the tremendous influence of the small amount of 
copper ions. 

An example of a photochemically initiated chain is 
the reaction of hydrogen and chlorine. This reaction 
has been made famous by brilliant investigations of 
Bodenstein. In this mechanism, light is absorbed by a 
chlorine molecule 


Cl. + hy — 2Cl (17) 

The chlorine atoms so produced are then alternately 
used up and regenerated. 

Cl + H. > HCl + H (18) 

H + Cl. — HCl + Cl (19) 

This process repeats itself about 10° times for every 





* Taytor, H. 8., Proc. Am. Soc. Testing Materials (Part II, 
Technical Papers), 32; 9 (1932). 

‘ Haper, F., Naturwissenshaft, 19, 450 (1931); <I Wes 
AND J. Franck, Berl. Akad. Berichte, 1931, p. 250; Ausu, H. W., 
anD V. Scuwerntrz, Ber., 65, 729 (19382); Gouprinasr, P., AnD 
V. Scuwemttz, Z. physik. Chem., B22, 241 (1933). 


quantum of light absorbed, or every pair of chlorine 
atoms initially produced. 

The length of the chain increases with temperature, as 
reaction (18) has an activation energy of 6 kg.-cal. and 
reaction (19) has an activation energy of 4.9 kg.-cal. 
Small traces of O, reduce the quantum yield by a factor 
of 1000 to 1,000,000. The hydrogen atoms react with 
the O, and the chain is broken before it gets very far 
along. 

In carrying out such a photochemical investigation 
care must be taken to use light of the proper wave 
length, since the bond which is attacked depends on the 
frequency of the light absorbed. Hence light of one 
frequency may lead to an oxidation, another frequency 
leads to polymerization, and a third to decomposition. 
The intensity of the illumination may determine the 
efficiency of the process. 

The addition of dyestuffs may either speed up or slow 
down a photochemical reaction. When the added 
material speeds up the reaction, it is termed a “‘photo- 
sensitizer.” A photosensitizer absorbs the light and in 
some manner (perhaps a sequence of chemical reactions) 
it transfers the energy of the quantum to the reactant. 
Thus, ordinarily the deterioration of nitrocellulose does 
not involve a chain, but the addition of various dye- 
stuffs does increase the rate of deterioration. 

When the added material slows down the reaction it is 
called an “internal light filter.” Obviously the added 
material absorbs the light and dissipates the energy in a 
manner unusable by the reactants. The efficiency’of 
these internal light filters in slowing down the rate of 
photochemical chain reactions is often much out of 
proportion to its ability to absorb light. 

Andersen and Taylor‘ found, for example, that small 
traces of dyes effectively prevent the decomposition of 
H,0:. In such cases the dyes must also serve as chain 
breakers by reacting with some intermediate product 
in the chain. 

Many examples of chain reactions are found in the 
auto-oxidations of organic compounds. For example, 
as many as 10,000 molecules of benzaldehyde are oxi- 
dized per quantum of light absorbed. This chain is 
supposed to be of the form: 


¥ 
aldehyde + hv — free radical 


(20) 
free radi:al + O: — unstable peroxide (21) 

unstable peroxide + aldehyde — oxidized product + 
free radical (22) 


Auto-oxidations are catalyzed by metallic salts or by 
any material which is easily reduced to aid in the forma- 
tion of free radicals. Manganese salts, for example, are 
particularly active catalysts for the benzaldehyde 
oxidation, even when present in the smallest traces. 

On the other hand, there are large numbers of sub- 
stances which inhibit auto-oxidation. These anti- 
oxidants are characterized by being easier to oxidize 





5 ANDERSEN, W. T., anv H. 8. Taytor, J. Am. Chem. Soc., 45, 
650, 1210 (1923). 
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than the reactants and probably stop the chain by 
reacting directly with the peroxides formed in equation 
(21). Anthracene, for example, prevents the benzal- 
dehyde oxidation. Other antioxidants which inhibit 
auto-oxidation are: acetanilide, hydroquinone, phenol, 
hydroxylbiphenol, thymol, aromatic amines, thiodi- 
phenylamine, thiourea, methyl-aminophenol, selenium, 
sulfur, pyrocatechol, gallol, and organic sulfides such as 
isoamy] sulfide. 

The problem of auto-oxidation is of considerable 
importance in many different industries of which the 
following are examples: 

(1) Rubber. The strength of aren goods is de- 
creased by the absorption of small amounts of oxygen. 
Antioxidants, particularly aromatic amines, are inhibi- 
tors. The presence of copper stearate speeds up the 
deterioration. 

(2) Gasoline. Cracked gasoline stocks contain a large 
amount of unsaturated hydrocarbons which have a great 
tendency to form gums, diolefins being the worst offend- 
ers. The mechanism of gum formation is similar to 
the other auto-oxidation processes involving the ab- 
sorption of oxygen to form peroxides. Hydroquinone, 
anthracene, acetanilide, and phenol. can be used as 
inhibitors. The gum formation can also be initiated by 
-light. Therefore, dyes are added as “internal light 
filters” and are particularly useful when the gasoline is 
to be distributed by service station pumps with glass 
windows. 

(3) Transformer Oil. Small amounts of metallic 
salts or soaps (copper, iron, lead, manganese, cobalt, 
etc.) catalyze the oxidation of transformer oil. Reduc- 
tion of the acidity of the oil reduces the amount of metal 
which gets into the oil through corrosion. Transformer 
oils are also subjected to high electric fields which help 
form free radicals and aid in the initiation of the chain 
oxidation mechanism. Se, S, and organic sulfides are 
used as inhibitors. 

(4) Paints. The pigments are usually composed of 
nonoxidizable materials but the oils which are used 
deteriorate. A difficulty which arises in connection with 
this problem is that inhibitors which might aid in pre- 
serving the oils either retard the drying process or else 
are destroyed in the drying. 
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(6) Silks. Silks are protected by adding thiourea and 
hydroquinone. 

(6) Paper. The amount of alkali and iron present 
in the paper plays an important role in determining the 
ease of oxidizing the paper. 

(7) Dyes. A great many dyes of the eosin, azo, etc., 

types contain antioxidants when they are sold commer- 
cially. 
. Most polymerizations are chain reactions. For ex- 
ample, one quantum of light polymerizes about 1000 
molecules of vinyl acetate. These reactions seem to be 
of the auto-oxidation type in that Conant has found that 
traces of peroxides are necessary for the polymerization 
of isoprene. It has also been found that oxygen is re- 
quired for the reaction, indicating that some oxidation 
product initiates the polymerization chain. 

As would be expected from this hypothesis, the usual 
pyrocatechol, etc., inhibit the polymerization. Dienes 
are particularly sensitive to both the catalysts and the 
inhibitors, 


HETEROGENEOUS OR SURFACE CATALYSIS 


General References 


Taytor, H. §., “Catalytic reactions among complex molecules,” 
Trans. Electrochem. Soc., 71, 375 (1937). 

Tayrtor, H. S., “The variable activity of catalytic surfaces,” 
Acta Physicochim., 1, 397 (1934). 

Apxins, H., ‘Reactions of Hydrogen with Organic Compounds 
over Copper-Chromium Oxide and Nickel Catalysts,” Univer- 
sity of Wisconsin Press, 1937. 


Surface catalysis involves a chemical reaction be- 








tween absorbed molecules and the molecules of the 
surface. It involves the breaking of the bonds within 
the adsorbed molecules and the forming of new chemical 
bonds with the surface, thus: 


A 4 4 
+| =- 

B pe 

Such a chemical reaction has a characteristic activa- 
tion energy, and the smaller this is the lower the tem- 
perature at which the reaction will take place. 

Only a small fraction of the molecules adsorbed on a 
surface are chemically bound to it, and only these are of 
any importance for catalysis purposes. The majority 
of the adsorbed molecules are held by weak van der 
Waals forces. All molecules are attracted to all surfaces 
by these van der Waals forces. There is nothing specific 
about. van der Waals type of adsorption. Molecules 
adsorbed in this manner are easily distinguished from 
those which are chemically bound, since they are revers- 
ibly adsorbed and desorbed and do not have to over- 
come any potential energy barrier. This general be- 
havior is illustrated in Figure 1, where the number of 
molecules adsorbed on a hypothetical surface is plotted 
against the temperature of the system. 

At low temperatures a large number of molecules 9" 
held to the surface by weak van der Waals forces. ‘5% 
the temperature is raised this number becomes smaller 
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and smaller, but the number of molecules possessing 
enough energy to overcome the activation energy for 
chemical combination becomes larger. Consequently, 


2a and 


- at higher temperatures the number of molecules ad- 
sorbed again starts to increase. If the temperature is 
Sof raised further the chemical combination between the 
me molecules and the surface becomes unstable and the 
| number of adsorbed molecules goes through a maximum 
or and then decreases. ; 
1000 The nature of the catalytic reaction may be deter- 
Stole mined by a study vf the chemistry of the reactants and 








the surface. For example, Bolandin® found that the 
ease of fission of different bonds under hydrogenating 
conditions varies according to the series: 


Easier to N—O 
break ft H—H C—Cl 


d that 
zation 
is re- 
dation 


C—O 
: usual Harder to N—N 
Dienes break than H—H C—N 
nd the c—C 


Taylor’ found by studying the rate of exchange of 
deuterium for hydrogen that the C—H bond was con- 
siderably easier to break catalytically than the C—C 
bond. 

The nature of a catalytic reaction may also be deter- 
mined by the chemistry of the products formed and the 
catalytic surface. In these cases it is the breaking of 


cules,” 








- the chemical combination between the products and 
pounds the surface which is the rate-determining step. For 
Univer-§ example, the relative efficiency of dehydrogenation and 

dehydration on an oxide surface depends on the relative 
yn be- tates of desorption of H, and of H,0. 
of theg Taylor studied the reactions. 
within (200) _.o.H, + H:0 
emical C.H,;OH 

TAO,) 7 CHsCHO + Ha 

He established the kinetic mechanism of the two cases 

by slowing down the decompositions by the addition of 

hydrogen or water, under pressure. 

Surface reactions may take place in one step, or they 

uctiva-™ may involve a number of consecutive steps on the sur- 
e tem-@ face. The relative rates of the various possible reac- 














tions are controlled by varying the operating conditions 
or the catalyst used. Thus, in the decomposition of 
C:H;OH mentioned above, ether can be produced using 
an aluminum catalyst if the temperature is kept low 
(300°C.), but at higher temperatures only ethylene is 
produced. At the higher temperature the equilibrium 
constant shifts in favor of the ethylene production so 
that this temperature effect could be predicted. 

Another example of the effect of operating conditions 
upon the course of the chemical reaction occurs in the 
oil industry where hydrocarbons may be polymerized or 
cracked on the same catalyst depending on the operat- 
ing temperature. The potential energy diagram illus- 
trating this process is shown in Figure 2. 


° Botannin, A. A., Z. phys. Chem., B3, 167 (1929). 

’ Taytor, H.S., anp D. V. Stcxman, J. Am. Chem. Séc., 54, 
4 (1932); Bopenstern, M. Festband of Z. phys. Chem., 475 
1931). 
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SEPARATION OF ADSORBED MOLECULES FROM SURFACE 


Figure 2. Hypothetical Potential Energy Diagram for Catalytic Poly- 
merization and Cracking of Hydrocarbons 


At low temperatures the equilibrium favors the 
hydrocarbons bound chemically to its surface, but the 
activation energy for the process effectively prevents 
such absorption. Finally, a temperature is reached 
where the molecules can cross the energy barrier (2) 
in Figure 2 and the catalyst is able to establish the 
equilibrium: 

2C:Hs > C.Hie + He 
The mechanism for this requires the breaking of C—H 
bonds on two neighboring hydrocarbon molecules, for- 


mation of a C—C bond, and the subsequent desorption 
of the dimer. 


Ni...H Ni—H 

Ni.. Gu, Ni—C:2H; 

Ni. ‘ .C.H; —> Ni—C,.H; ——> CH + H; 

| ee Ni—H 

(Activated (Relatively stable chemically 

state corre- adsorbed hy bon corre- 

spends to (2), sponding to (3), Figure 2) 
igure 2) 


As the reaction temperature is raised the yield of 
polymer decreases and cracking becomes predominate. 
This means that the activation energy for the cracking 
process (4) in Figure 4 is higher than that for the 
breaking of the C—H bond. 

There is kinetic evidence that the breaking of a C—C 
bond requires more than two reactive points on the 
catalyst surface. We can picture the hydrocarbon, 
which is already attached to the surface at one point, as 
swinging from side to side like a punching bag, hitting 
the surface on each swing. If the hydrocarbon hits 
the surface sufficiently often, it forms a second bond 
with the catalyst and breaks the C—C bond at the same 
time. 

Some of the experimental evidence which substan- 
tiates the above picture occurs in the study of deute- 
rium-hydrogen exchanges in hydrocarbons. When C,H, 
is adsorbed on nickel, polymerization and exchange of 
D for H occurs in the temperature region from 100 to 
130°C. No CH, is produced until the temperature is 
raised to 160°C. When propane is adsorbed on nickel, 
exchange occurs at temperatures as low as 65°C. but 
ethane and methane are not adsorbed until 130°C. 
It has also been found easier to break a C—H bond 
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eatalytically when the carbon atom also has a double 
bond than when it has only single bonds attached to it. 

The activity of a catalyst is often determined by the 
ehemical and physical characteristics of the material 
itself. In the first place, the chemical nature of the 
surface molecules must be such that they can react with 
the adsorbed molecules. Thus, metals which can form 
hydrides easily are useful in breaking C—H bonds. 
Metallic oxides also can react with H and these are 
good catalysts for the same purpose. As we might 
expect, amphoteric substance, like ZnO, alumina, etc., 
are the best catalysts. 

The interatomic spacing at the catalytic surface also 
determines the efficiency of the catalyst. Thisis an old 
idea proposed by Langmuir which was proved from 
quantum mechanical considerations by Sherman and 
Eyring.* They calculated the activation energy as a 
function of the separation between the surface molecules, 
§, and §,, for a reaction of the type: 

& A Si—A 
S.—B 
4,* 5 
The Sherman and Eyring results are indicated in 
Figure 3. 
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SEPARATION BETWEEN SURFACE MOLECULES 
Figure 3. Variation of Activation Energy for Surface Combination 

with Spacing of Surface Elements (after Sherman and Eyring) 

If the separation, 8, — Ss, is small, the activation 
energy is large. This is because in the activated com- 
plex there is strong repulsion between the A and 8, and 
between the B and §,. If the separation is large, the 
bond A—B must be stretched before the reaction can 
proceed, and this again gives risé to a large activation 
energy. 

The separation which gives the minimum activation 
energy usually corresponds to the atoms or molecules 
farther apart than in the normal crystal structure. The 
intermolecular spacing in any surface can be observed 
directly by the use of electron or X-ray diffraction 


spectra.’ 


* Suerman, A., anD H. Eyrrina, J. Am. Chem. Soc., 54, 2661 
(1932). 

* See, for example, L. H. Gzrmer, ‘Recent Advances in Sur- 
face Chemistry and Chemical Physics,’’ Science Press, 1939, p. 47. 

















JOURNAL OF CHEMICAL EDUCATION 


The preparation of an efficient catalyst often depends 
upon finding trick methods for producing abnormally 
large intermolecular separations in the crystal lattice, 
One general method for preparing catalysts is to start 
with a normal molecular crystal, then: leach out the 
undesirable atoms, leaving the catalytic atoms in a sort 
of scaffold-like structure. For example, active-charcoal 
is made by the destructive distillation of peach pits, 
crystalline organic acids, etc.; ZnO—Cr,0; catalysts 
may be prepared by heating zinc ammonium chromate 
driving off NH; and H,0 but leaving the ZnO and 
Cr,O; widely separated. CuO-Cr.,0; catalysts can be 
prepared in a similar manner. 

Nickel catalysts are prepared by treating nickel alu- 
minum alloy with sodium hydroxide. The alkali dis- 
solves out the aluminum, leaving the nickel atoms in 
abnormally spaced positions. When such a catalyst 
is used commercially, only a small amount of alkali is 
used at one time. A new catalytic surface can be 
formed by the addition of more alkali, so the catalytic 
activity of the surface can be renewed a number of times. 
Platinum oxide catalyst (Adam’s catalyst) is prepared 
by reducing chloropiatinic acid with hydrogen to leave 
platinum oxide, with the platinum atoms retaining the 
spacial relationships that they had in the original com- 
pound. 

Other general methods of producing lattice distortion 
in catalysts include the introduction of impurities so as 
to break up the close packing (Ni-Kieselguhr); grinding 
and pulverizing so as to produce surface irregularities; 
and use of jellies such as silica gel packed in basket-like 
networks instead of closely packed crystal. - 

The sure way to destroy the activity of the distorted 
crystal type of catalyst is to overheat the material, per- 
mitting the molecules to regain their normal separations, 
Once a catalyst is ruined by heating, its efficiency 
cannot be restored. 

The degree of catalytic activity is related sometimes 
to the magnetic susceptibility of the catalyst. Usually 
the more paramagnetic batches (of a given catalytic 
material) have the higher catalytic activity. Para- 
magnetism arises from valence unsaturation or potential 
chemical activity. Free radicals and free atoms are 
paramagnetic, and so are valence-unsaturated mole- 
cules, such as oxygen. The paramagnetism of the 
catalytic surface may be due to the unusually large 
spacings in a good catalyst or it may have a more chemi- 
cal significance. Whenever applicable, the measure- 
ment-of paramagnetism. provides. a rapid method for 
testing the efficiency of batches of catalysts. 

Catalysts may be classified according to whether they 
have uniform or variable surface activity. It is unusual 
for a catalyst to have uniform surface activity. How- 
ever, Steacie and Elkin” found a case where a zinc 
catalyst appeared to have uniform surface activity. In 
the reaction, 


Zn 
CH;0H -— HCHO + H: 





” Srzacis, E. W. R., anp E. M. Exxin, Proc. Roy. Soc., 142A, 
457 (1933). 
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it made no difference whether the Zn catalyst was a 
solid or a liquid (that is, whether the reaction was car- 
ried out just below or just above the melting point of 
anc). Obviously, surface irregularities and active 
spots cannot occur in the liquid and they cannot affect 
the catalysis in this example. However, the activity of 
a catalytic surface depends upon the specific reaction 
being studied as well as the exact experimental condi- 
tions. Thus, this same zinc catalyst, when used for 
promoting other types of reactions, might be extra- 
ordinarily sensitive to surface irregularities. Catalysts 
having uniform surface activity can be recognized be- 
cause they are extraordinarily difficult to poison. 

Usually the surface of a catalyst contains only a rela- 
tively few active spots. That is why most catalysts are 
easily poisoned by the presence of a small amount of 
oxygen or other impurity. Olmquist and Black" 
showed that in the ammonia synthesis only one atom in 
2000 on the surface of a fairly good iron catalyst is 
active and the very best iron catalyst still has only one 
active surface atom in 200. In this synthesis small 
traces of water or oxygen reduced the activity of the 
surface to zero. 

The variable activity of a catalytic surface can be 
determined experimentally by studying the number of 
molecules adsorbed on the surface under different condi- 
tions of temperature and pressure. From such data 
it is possible to compute the number of molecules bound 
to the surface as a function of binding energy. From 
the ease of degassing the surface it is possible to com- 
pute the activation energy for the release of the ad- 
sorbed molecules. Taylor and Strother’* were able to 
carry out such a study on the absorption of hydrogen 
on zine oxide catalysts. Research of this nature is ex- 
tremely valuable in the development of better com- 
mercial catalytic materials. Isotope tracers are now 
being used to study surface adsorption. 


PREDICTION OF REACTION RATES 
General Reference 


Guasstone, S., K. Larner, anp H. Eyrina, “The Theory of 
Rate Processes,”” McGraw-Hill, 1941. 


Sometimes it is important to have a knowledge of the 
specific reaction rate for a given step of a chemical reac- 


tion. It is possible to predict these rates theoretically, 
following the methods of Eyring and his co-workers. 


General Considerations 


A chemical reaction involves primarily collisions be- 
tween the reacting molecules. Ordinarily the reactant 
molecules are quite stable and may collide together a 
million times without disruption of their chemical con- 
stitution. However, there is a possibility that they 
will collide together with so much energy that their 
constituent atoms are rearranged into new product 





| Armquist, J. A., anp C. A. Buack, J. Am. Chem. Soc., 48, 
2814 (1926). ‘ 

12 Tayzor, H. 8., anp C. O. Strotuer, J. Am. Chem. Soc., 56, 
586 (1934). 
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molecules, and chemical reaction occurs. The least 
amount of energy required to cause such a molecular 
catastrophe is termed the activation energy, E,. The 
chance that the molecules will collide with at least this 
amount of energy is equal to erp [— E,/(RT)] where R 
is the usual gas constant and T' is the absolute temper- 
ature. The higher the temperature the greater is the 
probability that these high energy collisions will occur. 
If E,/RT is less than 17; the reaction is probably very 
fast, taking place in a fraction of asecond. At ordinary 
temperatures, reactions having activation energies 
between 10,000 and 20,000 calories per mole occur with 
conveniently measurable rates and such reactions 
double their rate for every ten degrees rise in temper- 
ature. 

Of course, only a small fraction of the molecules 
which possess high enough energy to cause a reaction 
will actually react in unit time. This fraction is termed 
the frequency factor, s. The complete expression for 
the specific rate constant, k’ is then: 


k’ = s exp [—E./(RT)] (23) 


The frequency factor varies slowly with temperature, 
so we can determine the activation energy from ex- 
perimental data by the relation: 


E. = RT*(d In k’/dt) (24) 


In a great many cases s as well as E, has a simple 
interpretation. For unimolecular reactions s is of the 
order of 10'* sec.—!, which corresponds roughly to the 
frequency of vibration of a molecule. For bimolecular 
and trimolecular reactions, s has a value of the same 
order as the number of bi- or trimolecular collisions be- 
tween the reacting species per unit of time. 

A good deal of insight into the nature of the chemical 
reaction can be gained from a consideration of the 
activation energy required. 

The activation energy may be closely linked with the 
electronic structure of the reacting molecules. In 
principle, activation energies can be calculated exactly; 
in practice, they can often be estimated fairly accu- 
rately. For example, if the reaction 


A+BC—AB+C (25) 


is written in the exothermic direction, the activation 
energy is approximately 5.5 per cent of the strength of 
the bond between B and C. 

If the reaction 


AB + CD— AC + BD (26) 


is written in the exothermic direction, the activation 
energy is approximately 28 per cent of the energy of the 
bond AB plus 28 per cent of the energy of the bond CD. 
These bond strengths are known accurately from ther- 
mochemical data.'* 

Activation energies for the endothermic direction are 
equal to the activation energy for the exothermic 
direction plus the heat of the reaction. All reactions 





18 See Linus Pauuina, “Nature of the Chemical Bond,” Cor- 
nell Press, 1939. 








between an atom and a diatomic molecule, considered 
in the exothermic direction, have very small activation 
energies and are fast reactions. 

The gas phase combination of hydrogen and fluorine 
is an example of a bimolecular reaction requiring the 
breaking and rearranging of two chemical bonds: 


H, + F; -> 2HF (27) 


Here the energy of the H: bond is 102.7 kg.-cal./mol 
and the energy of the F, bond is 63.5 kg.-cal./mol, so 
that according to the rule given in connection with 
equation (26), it follows that: 


E, = 0.28(102.7 + 63.5) =, 46.5 kg.-cal. 


This activation energy is so large that we would not ex- 
pect this reaction to take place at room temperature. 
Eyring made this prognostication at a time when it was 
generally accepted that a mixture of H, and F;, would 
surely explode in a gas phase without a catalyst. Sub- 
sequent experiments bore out his deductions. 

Such calculations—some based on a solid quantum 
mechanical foundation, others based on systematic 
empiricism—lead to a semiquantitative prediction of 
the activation energies which might be expected for 
each of the individual steps of any reaction mechanism 
which might be postulated. 

In some cases the simple collision theory cannot 
account for the observed reaction rate. For example, 
Kistiakowsky found that the isomerization of some 
molecules similar to dichloroethylene occurs ten 
thousand times slower than would be expected from the 
number of collisions. On the other hand, it was found 
that the reaction 


(C:Hs)2S + O2HsBr — (C2Hs),SBr (28) 


occurs 100 times faster than the total number of colli- 
sions between these species would permit. Neutral- 
ization of ions is another example of an unusually fast 
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Configuration Diagram for the Reaction 
A+BC— AB+C 


Figure 4. 
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reaction. Then, too, the negative temperature co- 
efficient of the nitric oxide oxidation requires an ex- 
planation quite different from any which simple kinetic 
theory of collisions could give. The theory of absolute 
reaction rates was developed to account for these un- 
usual cases. 


Ideas Underlying the Theory of Absolute Reaction Rates 


Eyring" developed a general theory for the absolute 
rates of reactions which may be applied to all sorts of 
processes. His theory reduces problems in rate calcu- 
lations to simple thermodynamical considerations. It 
is, therefore, as easy or easier to use than the well- 
known collision methods. 

Let us consider a chemical reaction 


A+BC—~AB+C (29) 


If we take the distance between A and B to be one co- 
ordinate, R,,, and the distance between B and C to bea 
second coordinate, Rs, we can follow the course of the 
reaction by the changes in the values of Ry, and Ryo. 
At the beginning of the collision, A is a long distance 
from BC so that R,, is large. At the same time B and 
C are close, so that Rs: is small. After the reaction is 
completed, A and B remain close together, and R,, 
becomes large. 

We divide configuration space (see Figure 4) into 
three regions, according to the values of Rys and Ryjp. 
The initial state corresponds to the upper left triangle; 
the final state corresponds to the triangle on the lower 
right side. The ‘no man’s land” between these two 
regions is called the activated state. The importance 
of the activated state is that a system must pass 
through this region before it can go from the initial to 
the final states to complete a chemical reaction. The 
rate of the reaction is then the product of three factors: 

(1) The average number of molecules in the activated 
state, n*. 

(2) The reciprocal of the average length of time it 
takes a particle to pass through the activated state= 
V/w, where V is the average velocity of the system and 
w is the width of the activated state. 

(3) The chance that if the system crosses the acti- 
vated state, it will actually correspond to a chemical 
reaction (7. ¢., not cross back again), is usually desig- 
nated by x. The value of « is usually taken to be unity. 

Combining these factors gives: 


Rate of reaction = «n*(V/w) (30) 


Each one of the factors in equation (30) may be 
evaluated, and the calculations become especially sim- 
ple if we take the activated state to be a very narrow cut 
through the lowest pass in the potential energy barrier 
which separates the initial from the final states. In 
this case the potential energy does not change in crossing 
the activated state, and so the average velocity of 
crossing, V, is just the ordinary Boltzmann velocity 
[((kT)/(2rm)]'”, where m is the effective mass of the 





14 Eyrina, H., J. Chem. Phys., 3, 107 (1935). 
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activated complex along the decomposition coordinate, 
k is Boltzmann’s constant, and 7’ is the absolute tem- 
perature. 

The molecules in the activated state have very nearly 
the same properties as ordinary molecules, except that 
one of the degrees of freedom for vibration is replaced by 
translational motion along the reaction coordinate. 
We can write an expression for the equilibrium constant 
between molecules in the initial state and molecules of 
activated complex thus: 


K(2amkT)'/4w/h) = n*/(nansc) (31) 


where y* is the number of molecules of activated com- 
plex in equilibrium with n, molecules of A and ngc 
molecules of BC and K is the equilibrium constant. 
The factor (2rmkT)‘/*(w/h) is the part of the equilib- 
rium constant which accounts for the motion of the 
activated complex along the reaction coordinate. 

These terms may be substituted into equation (30): 


Rate of reaction = eRe Teen Keuneo tne eee 


or cancelling out terms: 

Rate of reaction = «K [((k7')/h]nangp (33) 
The rate of the chemical reaction would be generally 
written as: 


Rate of reaction = k’nango (34) 


where k’ is the specific reaction rate. By comparing 
equation (33) and equation (34) we see that 


k’ = «K((kT)/h] (35) 


Since k is 1.3805 X 10-" ergs/degree and h, Planck’s 
constant, is 6.6236 < 10-” erg sec., the universal factor 
kT /h is equal to 6.25 10? (7/300). 

Usually it is convenient to write K in terms of the 
free energy of activation, AF,, or the energy and 
entropy of activation, AE, and AS,, respectively: 


K = exp (— AF./RT) = exp ((AS./R) — (AE./RT)) (36) 


Here, AS, actually stands for the difference between 
the entropy of the system in the activated state and the 
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entropy in the initial state. AEH, and AF, have a 
similar meaning. Therefore, 


k’ = (6.25 X 10')x(7'/300) exp [((AS./R) — (AH#./RT)] (37) 


This rate equation should be valid for all sorts of rate 
problems in all phases and under all sorts of conditions. 

Comparing equation (37) with equation (23) we see 
thatthe frequency factor, s, is given by 


s = (6.25 X 10!*)x(7'/300) exp (AS./R) (38) 


Fer a great many reactions we can estimate the entropy 
of activation from simple thermodynamical or statis- 
tical mechanical considerations. For unimolecular re- 
actions we would expect AS, to be small so that the 
frequency factor would have a value of the order of 
10'*. For bimolecular reaction we expect the entropy 
of activation to be negative because of the three degrees 
of translational freedom which are lost when the two 
reacting molecules collide to form a single activated 
complex, and this is borne out quantitatively by experi- 
ment. In some activated complexes rotational degrees 
of freedom are frozen which are present in the initial 
molecules. This would tend to make the reaction rate 
unusually slow. In other activated states rotations are 
permitted which are impossible in the initial state, and 
this gives rise to the unusually rapid reactions. Thus 
the isomerizations mentioned earlier which have been 
studied by Kistiakowsky were found to be slow, because 
they required a sudden shift in the electron distribution 
from a double bond to a single bond. The combination 
of (C:Hs)2S and C.H,Br is fast because rotations are 
still possible in the activated state. The oxidation of 
nitric oxide has a negative temperature coefficient be- 
cause there is no activation energy and the rotations are 
restricted in the activated state. This explanation was 
developed by Gershinowitz and Eyring and accounts 
quantitatively for the observed anomalous results. 

The theory of absolute reaction rates can also be 
applied to liquid phase reactions as well as to gas phase 
reactions. In this case, the rate equation reduces to 
the Bronsted equation and the various activity co- 
efficients allow for the influence of the environment 
upon the specific reaction rate. 


° A DENSITY EXPERIMENT 


Durine the first semester in General Chemistry, and 
following the experiment on the analytical balance, 
students at Monmouth College determine the per- 
centage composition of an unknown sodium nitrate 
solution by determining the density of the solution and 
then reading off the percentage on a graph which they 
also prepare, 

The volume of the solution is measured in Cargille 


S. PORTER MILLER 
Monmouth College, Monmouth, Illinois 


graduates. It was found in a class of 56 freshmen 
students that the average percentage error was 4.3 when 
the entire volume of the graduate was used, but only 
1.7 when the first milliliter reading was rejected. 

This laboratory exercise combines accurate weighing, 
the contest motivation of an unknown, the construc- 
tion and utilization of a graph, and illustrates a method 
used in industrial analysis. 
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* ORGANIC CHEMISTRY AND THE ANALYTICAL 
-° PROGRAM AT M.LT. 


Tue program of organic analytical instruction at the 
Massachusetts Institute of Technology is based upon 
the needs of three distinct groups of students: . (1) 
undergraduates, (2) graduate students specializing in 
organic chemistry, and (3) graduate students specializ- 
ing in analytical chemistry. The needs of these groups 
are in some respects similar and in others very different. 
The program must be sufficiently flexible to meet the 
requirements of all, yet must fit a philosophy of teach- 
ing appropriate to each level. 

The teaching of undergraduate chemistry majors 
should avoid premature specialization. What is de- 
sired is a man well-rounded in his knowledge of chem- 
istry and having a grasp of chemistry as an integrated 
whole. Attainment of this objective is not always 
promoted by the conventional groupings of chemical 
subjects in many undergradute curricula, which by 
division into traditional administrative units often 
tend to isolate rather than integrate the components of 
the subject matter. The separation of chemistry 
courses into subjects such as general chemistry inor- 
ganic qualitative analysis, inorganic quantitative analy- 
sis, organic chemistry, organic qualitative analysis, 
etc., however desirable from other standpoints, become 
a disservice to the student. The danger lies not so 
much in the organization of topics as in the segregation 
of concepts that may result. Ordinarily, the first two 
years of an undergraduate’s chemical training empha- 
size the general aspects of the periodic table by covering 
the descriptive aspects and the separation methods of 
many of the common elements with only a compara- 
tively small proportion of time devoted to carbon and its 
compounds. On the other hand, the first course in 
organic chemistry owes its breadth to differences in the 
properties of molecules rather than of atoms. Not only 
are the separation and identification procedures of 
qualitative organic analysis new to the student, but they 
appear to have little relation or application to the body 
of information acquired in prior subjects. Such com- 
plete administrative separation often deludes students 
into a corresponding compartmentalization of their 
chemical concepts. 
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The problem of presenting in a one-year beginner's 
course an integrated and balanced portrayal of chemis- 
try is admittedly perplexing. Many teachers, appalled 
by modern demands with respect to the other elements, 
feel that to devote much time to the compounds of 
carbon is nearly impossible. Nevertheless, contem- 
porary chemical industry has greatly changed and now 
involves in everyday practice so many organic chemical 
aspects that readjustment in a corresponding direction 
is not only desirable but even imperative. Further 
elaboration of this topic lies beyond the scope of the 
present symposium but the traditionally limited treat- 
ment of organic chemistry in first-year courses has been 
contributory to an inadequate appreciation by the 
student of the necessity for an integrated rather than 
differentiated philosophy of study. 

That analytical chemistry provides an excellent 
framework for teaching either inorganic chemistry or 
organic chemistry is generally agreed by those who have 
seriously tried this procedure. The first course in 
qualitative analysis, although designed to organize the 
descriptive inorganic chemistry, contains many oppor- 
tunities to integrate these with organic aspects. Or- 
ganic precipitants (not including solvents like alcohol 
which are used for fractional precipitation of the alkaline 
earths) and lake-forming dyes are employed in nearly 
every qualitative analytical scheme. At the appropri- 
ate time, one lecture can be spent profitably in dis- 
cussing the idea of “specific groups” and their selective 
actions with cations. Books such as that of Feigl' 
provide an interesting and comparatively simple dis- 
cussion of studies of dimethylglyoxime and related com- 
pounds with regard to their specificity for the precipita- 
tion of nickel. Moreover, after contrasting the fact 
that cobalt forms a soluble intensely colored complex 
with dimethylglyoxime, further discussion of color- 
forming reagents becomes appropriate. Properly han- 
dled, these topics can be understood by students who 
have not yet taken any formal organic chemistry. 

1 Ferat, F., “Specific and Special Reactions for Use in Quali- 


tative Analysis,” Elsevier Publishing Company, Inc., New York 
City, 1940. a 
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in the Graduate and Undergraduate Curricula 





In discussing separation methods in qualitative analy- 
sis, illustrations from organic chemistry can be used to 


advantage. Consideration of the extractive separation - 


of ferric chloride or of iodine may be extended to include 
examples of the extraction of metallo-organic com- 
pounds, a subject which is finding increasing importance 
in analytical chemistry, together with extraction of 
strictly organic substances such as that of organic acids 
by ether. Similarly, a discussion of the loss of elements 
by volatilization during the dissolution of the sample 
or the mention of fractional distillation as a method for 
separating compounds of elements such as arsenic and 
antimony can include examples illustrating the impor- 
tance and general applicability of volatilization in 
organic chemistry. 

Finally, in pointing out the striking utility of ion 
exchange in such problems as the separation of the rare 
earths, one may draw from the organic field illustrations 
which employ the closely related technique of chroma- 
tography. By such devices as these the student begins 
to recognize the essential unity of chemistry and transi- 
tional frames of reference connect one aspect with the 
other. 

In teaching quantitative analysis, the opportunities 
for emphasizing the general relationships of the prin- 
ciples and techniques are analogous to those in the 
qualitative field. There is occasion, for example, to 
show that the behavior of acid-base and oxidation- 
reduction indicators, even though these are complicated 
organic molecules, is understandable in terms of the 
already-familiar concepts of electrolytic dissociation 
and oxidation potential. The use of oxalates and sim- 
ple organic acids as unknowns allows the instructor to 
point out that the same general methods and tech- 
niques used in inorganic analysis can be applied to 
many organic systems. However, general considera- 
tion of methods of determination of organic compounds 
is clearly premature and should be reserved for later 
courses. 

Just as the first course in qualitative analysis can be 
used to systematize the reactions of inorganic chemistry, 
systematic instruction in qualitative organic analysis 
provides an effective means of teaching organic re- 
actions. The Massachusetts Institute of Technology 
pioneered in this subject and its values have been fully 
expressed elsewhere.? Experience with this approach 
supplies reality to concepts and compounds which are 
otherwise too often vague abstractions. Its disg¢i- 
plines provide an indispensable supplement to the con- 
ventional study of unit laboratory processes involved 
in organic synthetic work. For these reasons every 
undergraduate chemistry and chemical engineering 





* Hunreuss, E. H., “The value of organic re Gaalyen 
as a method ‘of instruction in organic chemistry,” J. 
Epuc., 7, 1588-92 (1930). 
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major is trained in the identification and characteriza- 
tion of organic compounds during the junior year as a 
part of the regular organic laboratory work. 

Having pursued the sequence of courses just out- 
lined, the Massachusetts Institute of Technology senior 
undergraduate has had the necessary fundamental 
instruction in elementary i inorganic, analytical, organic, 
and physical chemistry and is, therefore, in an excellent 
position to integrate his knowledge into a coherent 
whole. Such an opportunity is afforded by our course 
in instrumental analysis (perhaps better described as 
instrumental methods of solving chemical problems). 
Its experiments are selected to illustrate applications to 
every branch of chemistry and the corresponding lec- 
tures and class discussions expand and extend appro- 
priately the particular techniques studied by each stu- 
dent in the laboratory exercises. Such an approach is 
not difficult. A consideration of the papers published 
on ultraviolet and infrared spectrometry, for example, 
emphasizes the importance of their organic applica- 
tions. Increasing numbers of applications of polarog- 
raphy, potentiometry, and radiochemical techniques 
to organic problems are available from the current 
literature. This course in instrumental analysis is 
considered to be a very significant element in the or- 
ganic analytical program of instruction. 

Finally, each senior may elect to take for one semester 
a four-hour laboratory course in methods of quantita- 
tive microanalysis. By executing under supervision 
analyses for carbon, hydrogen, nitrogen, sulfur, halo- 
gens, and certain functional groups, the student gains 
not only a certain amount of facility with micro equip- 
ment, particularly the balance, but also a perspective 
which materially improves his discrimination in the 
interpretation of data so obtained. 

The present discussion has so far stressed the function 
of organic and instrumental analysis in the under- 
graduate curriculum. Let us finally consider briefly 
the opportunities afforded the graduate student, who is 
now in a position to utilize his broad foundation as a 
basis for particular specialized aspects. 

The relatively new analytical graduate program at 
the Massachusetts Institute of Technology was de- 
signed with special reference to the requirements of 
modern industrial laboratories. It is recognized that a 
substantial fraction of samples subjected to analysis 
are organic mixtures and that a versatile analytical 
chemist must be equally well trained in organic and 
inorganic methods. With this in mind we have vis- 
ualized a balanced program in which all phases of 
organic analysis—qualitative, quantitative, and instru- 
mental—are integrated. This is implemented by a 
three-semester course, expected of every analytical 
major, which presents an up-to-date theoretical treat- 
ment of separation processes and determinative meth- 
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ods, a discussion of the newer analytical reagents, and a 
survey of special topics such as spot testing, micro- 
techniques, and statistical analysis. 

For the further training of graduate students whose 
major is either analytical or organic chemistry a course 
in advanced organic chemistry from the analytical 
viewpoint forms part of the regular program. Pre- 
supposing adequate training in qualitative organic 
analysis, this graduate subject is devoted to a systematic 
survey of the behavior of the principal organic func- 
tional groups withspecial reference to their detection and 
determination. Making use of the increased maturity 
and experience of its students, this course comprises 
review, expansion, and extension of prior training, 
frequently by special emphasis upon the behavior in 
qualitative and quantitative aspects of organic com- 
pounds with multiple functions of the same or different 
kinds. 
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Students (either graduate or undergraduate) electing 
to undertake their theses in the field of analytical re- 
search are especially encouraged to consider studies in 
the detection and determination of organic functional 
groups with emphasis upon the application of modern 
instrumental methods. Regardless of particular thesis 
topic, however, a student must be interested in and 
well acquainted with current progress in both the in- 
organic and organic fields in order to be considered a 
well-balanced analytical chemist. 

The integration of material afforded by constant 
interweaving of the analytical viewpoint with instruc- 
tion in physical, inorganic, and organic chemistry is a 
perpetual reminder to the student that analysis is the 
key to progress in all. It is to the teacher a continual 
inspiration in maintaining his recognition that the stu- 
dent is not merely a vessel to be filled but a torch to be 
lighted. 


ORGANIC ANALYSIS AS A TOOL FOR 
WOMEN CHEMISTS 


I never really like to have to talk about women chem- 
ists as such, but sometimes find myself assigned a topic 
especially relating to them. Previously, in speaking 
about chemistry as a profession for women,' I have 
pointed out the different specialized fields which they 
can enter, some of which do not involve laboratory 
work at all. But a number of women students, when 
they find they have a great liking for chemistry, decide 
they want to become chemists. For many of these, a 
career in chemistry means just one thing, work in a 
laboratory. 

The great majority of chemists who work in labora- 
tories are in industry; that is where the major demand 
lies. Until the last few years, industry was extremely 
reluctant to employ women chemists—for many rea- 
sons, which will not be dealt with here. 

But if there were some one phase of chemistry in 
which women were found to excel, opportunities should 
open up for them there. I believe that many women 
have a facility for conducting chemical analyses. Such 
work requires skill, a capacity for carefulness and 
attention to detail, and dexterity in handling small 
objects, that is not so commonly found in men. This 
ability was put to good use during the war, when many 
women chemists went into industrial laboratories and 


* Foster D. Snell, Inc. 
1 Snevy, Cornea T., J. Coem. Epuc., 25, 450 (1948). 
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took over jobs vacated by men called into the Armed 
Services. Some women took charge of control labora- 
tories, and thus stepped into very important positions 
in chemical manufacture. In industry it is necessary 
to check raw materials, or finished products, or both. 
For example, a batch of pigment to be used in com- 
pounding rubber may be rejected because it is too high 
in either manganese or copper. Such an analytical 
finding has to be accurate and reliable. 

Many of the women who took these wartime jobs 
made excellent records and were considered too valuable 
to lose when the war was over and conditions changed. 
It is because of them that industry opened its doors and, 
to a greater degree than before, now looks to women to 
fill chemical positions in industry. For example, last 
year in a large women’s college requests were received 
by the placement bureau for 60 girls to take strictly 
chemical positions; 7 of these we:- in teaching, 23 
were nonindustrial, and 30, or half of the openings, were 
industrial.2 Not nearly the number requested were 
available in this particular college. 


RESEARCH IN CHEMICAL ANALYSIS 


Many chemists seem to consider analytical work lack- 
ing in interest and glamor and prefer any other kind of 


2 Anstow, Guapys A., Educational Focus, 20, No. 2, 6 (1949). 
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job if it can possibly be labeled “research.’”’ Actually, 
all research depends on analysis; the latter is absolutely 
essential to the former. Also new analytical methods 
have to be developed to solve particular problems, so 
analytical departments are required themselves to do 
research. This is particularly true in consulting and 
development laboratories. All kinds of complex prod- 
ucts May require identification and analysis. No text- 
book or published literature will give all of the answers. 
Commercial products as a rule have little relation to the 
pure compounds necessarily analyzed in the college 
laboratory by the beginner. The samples may be mix- 
tures of various organic compounds or of organic and 
inorganic compounds. The active ingredient sup- 
posed to characterize the product may be present in a 
minor or major proportion. 

Sometimes it may be necessary to report a complete 
analysis, even though some compounds are present only 
as a trace. This may be especially important when a 
similar product is to be developed to correspond to or 
improve on a sample submitted. For example, many 
of the powdered or granular soaps now on the market 
contain a trace of colorless stilbene-type compound 
substantive on cotton. In ultraviolet light this causes 
a bluish fluorescence. The result is to give whiteness 
equivalent to bleaching and bluing white fabrics during 
the washing process. Even though such a compound is 
present only as a trace, its effect is outstanding, its 
presence important, and often the structure and amount 
must be determined or at least approximated. 

The first step in organic analysis is very often that 


most painful one of doing a lot of thinking. What 


determinations are applicable? A few qualitative tests 
may confirm or negate the analyst’s ideas about what 
may be present. Simple preliminary tests are sug- 
gestive of the determinations to be made, such as ap- 
pearance, odor, inflammability, solubility, flame re- 
actions, reaction of the solution to indicators, effect of 
acid, of alkali, and tests for negative radicals.* Infor- 
mation given on the label of a packaged product may be 
extremely useful to the analyst. 

Suppose a colorless synthetic resin is submitted. 
It shows nearly 50 per cent of nitrogen. What is it? 
Probably a urea-formaldehyde or melamine-formalde- 
hyde resin. But suppose the sample shows no nitrogen 
and consists of polystyrene, or methyl methacrylate. 
Then other approaches are necessary. 

A few years ago a detergent mixture would contain 
soap. Today there are hundreds of individual syn- 
thetic surface-active agents spread over a dozen differ- 
ent basic structures, of which any may be present. It 
may even be a mixture of two or more active ingredi- 
ents. 

Ten years ago an elastomer would have been rubber, 
Thiokol, or Neoprene. Today the analyst must deter- 
mine first qualitatively and then quantitatively the 
presence also of GRS—also called Buna—GRi—also 


3 SNELL, Foster Der, anp Frank M. Brrren, “Cominercial 
Methods of Analysis,’”’ McGraw-Hill Book Co., Inc., New York, 
1944, pp. 75-80. 
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called acrylonitrile rubber—buty] rubber, polyethylene, 
and others. 

Even qualitative analysis of mixtures may be diffi- 
cult. A recently received sample was found to be read- 
ily soluble in water, and gave a very viscous solution 
at 2 per cent concentration. What would it be— 
gum tragacanth, methyl cellulose, hydroxyethyl cellu- 
lose, carboxymethyl cellulose, or something else? Only 
careful comparison of properties with known samples 
of the various possible compounds could tell. And 
speaking of known commercial products, it isa practical 
impossibility to have all on hand. One foreign manu- 
facturer produces carboxy methy] cellulose from peanut 
shell fiber and this may differ somewhat from a similar 
compound made from another raw material. 

Sometimes the sample available may be minute. 
Here’s a problem having to do with an automobile 
accident. The samples obtained consisted of two 
flakes of black paint from two different.sources. Were 
they the same? The spectrograph showed the same 
intensity of the silver line present as an impurity. 
Electron microscope photographs showed the particle 
size of the carbon black to be identical in the two. 
A microash determination was the same oneach. Prob- 
ably the samples were identical but the analytical evi- 
dence was not conclusive. Other data of a nonchemical 
nature had to be relied on to establish the facts. 

The organic analyst wants a lot of information as well 
asasample. What is it used for? We quite properly 
will not accept a sample with no history—it might be 
a student’s “unknown.” We have to be given the 
background of the sample. The purpose of the product 
limits the materials which can be used in it. What does 
it cost? That’s important since an analysis of a prod- 
uct which shows it to be a synthetic resin costing a 
dollar a pound cannot be right if the product sells at a 
price indicating a raw material cost of 25 cents a pound. 

After separating a sample into various fractions by 
extraction, etc., it may be found that each fraction is 
or is not a chemical individual—too often the answer 
is that it is not. But maybe 4 per cent of ash is a 
natural impurity in a commercial product. The 
fitting together of a great number of clues is the only 
way to get the real answer. 

Experience with the type of mutestel to be analyzed 
helps a great deal in attacking a problem. For exam- 
ple, here are data reported from our analytical depart- 
ment on the analysis of a synthetic detergent: 


Qualitative Data: 
Test for nitrogen 
Test for sulfonated synthetic detergent 
Test for sulfate 
Test for chloride 
Test for silicate 
Test for orthophosphate 
Test for pyrophosphate 
Tia Te NN ind oie Es ieee 0s} sis,s,8 a seredinye oe 
Test for borate 
aro ga Data: 


Negative 
Positive 
Positive 
Positive 
Negative 


resale 





Alcohol soluble matter 

Total phosphorus pentoxide 

Total alkalinity as sodium oxide 

pH 1% solution 
Estimated Composition: 

The sulfonated synthetic detergent appears to be of the 
Nacconol type. From’ the above data the composition of the 
sample in terms of commercia] materials was estimated to be as 
follows: 


Sulfonated synthetic detergent 
Sodium chloride 
Tetrasodium pyrophosphate 


In this case it was not necessary to determine the com- 
position of the active agent itself, which appeared quali- 
tatively to be the alkyl aryl sulfonate type. 

In contrast to this rather simple procedure, a problem 
requiring research was presented in the analysis of a 
commercial liquid surface-active agent designed for a 
special purpose. The active compound appeared to be 
an amidoamine soap, for which there was no established 
method of analysis. One had to be worked out. 

Acidification of the sample resulted in the separation 
of an oily layer which on ether extraction proved to 
constitute about 30 per cent of the total. For this 
fraction the constants—acid value, saponification 


value, iodine value, and rosin-acid value—were deter- 


mined. The acid-aqueous layer was refluxed to decom- 
pose the amideamine which had been formed as a salt 
when the soap was broken down into this fraction and 
the oily soap acids. This resulted in separation of a 
second oily layer. This was extracted with ether. The 
same constants were determined on this fraction as on 
the first oily fraction. The constants indieated that 
the.acids combined in the product, both as soap and as 
acid amide, were the characteristic mixture of highly 
unsaturated fatty acids and resin acids known as tall oil. 

The product appeared to be an acyl amidoamine soap. 
The most important step still remained, with what 
amine had this been formed? The amount of nitrogen 
found did not correspond to that in any commercial 
acyl polyamine. 

The amine remaining after hydrolysis of the amide 
was isolated, in itself a laborious task requiring a method 
created for the«purpose. «Its nitrogen: content .and 
hydroxyl value were determined. The compound was 
found to have a hydroxyl content equivalent to the 
nitrogen content. Since no commercial ‘ polyamine 
has such a structure, it was concluded that on hydrolysis 
of the acid amide the original amine also underwent 
change. It seemed possible that aminoethylethanol- 
amine was the original polyamine. When this com- 
pound was subjected to acid hydrolysis, it was found 
to give an amine with a ratio, of nitrogen to hydroxy] of 
1:1. One more step—not a simple one—remained, to 
prove the correctness of the analysis. This was to 
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prepare the amidoamine of tall oil and aminoethyl- 
ethanolamine, and hydrolyze this in the same manner 
as had been applied to the commercial product under 
investigation. When this gave quantitative results 
substantially identical with those from the sample, | 
the nature of the compound was considered established 
as an acyl amidoamine soap made by the reaction of tall 
oil with the polyamine, aminoethylethanolamine. 

This somewhat lengthy story, drawn from past experi- 
erice in our own laboratories, is given to illustrate how 
far from routine cook-book chemistry analytical work 
becomes. I think it shows that the person specializing 
in analytical chemistry has every prospect of having to 
solve as perplexing problems as those dealt with by other 
research chemists. 

As an illustration of a different type of complexity 
which arose in our analytical department, cough drops 
had to be assayed for menthol. One kind contained 
thymol and eucalyptol, which interfered with the men- 
thol determination by a colorimetric method. The 
color was developed for pure samples of menthol, 
thymol, and eucalyptol and spectrophotometric curves 
were plotted from 400 to 650 millimicrons. Thymol 
was found not to interfere from 550 to 650 millimicrons. 

The optical densities of the developed colors with 
varying amounts of menthol and eucalyptol were then 
read at 550 and 650 millimicrons, and the curves were 
drawn for micrograms of compound versus optical 
density. The amount of menthol was calculated by 
solving two simultaneous equations, using the values 
from the curves. This type of method is not particu- 
larly rare and quite often involves three equations for a 
suitable solution. 


CONCLUSION 


In our experience, most of the materials we get for 
analysis are organic, or partly organic in nature. | 
have stressed this to show the importance of organic 
analysis in the college curriculum. It would seem 
desirable to offer organic analysis as an elective course 
for the chemistry major at the undergraduate level. 
This would furnish a broader preparation and be supple- 
mentary to the course in quantitative analysis usually 
taken in the second year of college. It should be very 
helpful as preparation for the woman chemist who hopes 
to go into industry. 

In it the woman student would become familiar 
with such widely used techniques as saponification 
value, acid value, iodine value, etc. She would at least 
learn of the existence of the. textbooks available for 
analysis of rubber, plastics, textile fibers—natural, 
processed, and synthetic—to mention only a few. 

At the graduate level a further course in analytical 
chemistry is desirable for those to whom the precision 
of analytical work appeals. Here many more instru- 
mental methods could be studied and problems in 
analyzing actual commercial materials undertaken. 
Even so, the gap between the university and industry 
is so great that the beginner fresh from the university 
will have to go through a training period in learning 
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new techniques and more particularly in dealing with 
new types of materials. This means that the employer 
is making a real investment in an inexperienced person, 
an idea which may not have occurred to the beginner. 

It is up to the individual to make the most of the 
opportunities for learning new techniques, of develop- 
ing initiative, and in bringing interest and an inquiring 
mind to the work. This applies.in general to‘any chem- 
ist, but for analysis it seems particularly important that 
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they be mentally “quick on their feet.’”” The better 
their preparation in the university, the better their 
chances will be of advancing to a point where they are 
competent to deal with very difficult analytical prob- 
lems such as some of those cited. It becomes a bit like 
being the detective in a mystery novel; the individual 
engaged in advanced analytical work has to solve chemi- 
cal mysteries which may appear just as baffling as those 
in the usual detective story. 


e IMPORTANCE OF FUNCTIONAL GROUP 
DETERMINATION IN ORGANIC 
QUANTITATIVE ANALYSIS 


Av present much emphasis is being placed on the 
need for more instruction in our colleges and universities 
in the field of organic analysis. 

Along this line, the importance of functional group 
analysis should be stressed as one of the most satisfac- 
tory and generally applicable methods of quantitatively 
determining organic compounds. This approach also 
lends itself very well toward identification of organic 
compounds. 

‘}oere are several reasons for running an analysis on a 
sampie. These are: 


To assay the sample for the desired component. 

To follow a reaction to determine the reaction 
rates and the optimum reaction conditions. 

To determine stability of a certain compound or 
mixture under various conditions. 

To determine by-products and unreacted starting 
materials. 

To aid in identifying an unknown compound or 
proving the identity of a suspected com- 
pound, 


Analysis for the elements ean: be applied only to case 
5. It can be applied to the others if the component 
being determined contains an element not contained in 
the impurities, but this situation is not-common. An- 
alysis for the functional group can be applied to all the 
cases stated above mainly because the analysis of mix- 
tures is possible using this approach. Even in case 5 
where elemental analysis is at present primarily used, a 
functional group determination is much more megning- 
ful. The proof of the identity of an organic unknown is 
much more definite if it is known that it contains a cer- 
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tain percentage of amino group rather than just a cer- 
tain percentage of nitrogen, or that it has a certain 
hydroxyl group content rather than a certain carbon 
and hydrogen content. 

There are interferences to functional group deter- 
minations as there are to any analytical procedure. 
However, these interferences are much more limited in 
number than those which exist in elemental analysis. 
The main reason for this is that there are just a few ele- 
ments involved in organic chemistry, and these elements 
are common to a great number of organic compounds. 
However, in organic chemistry there are many func- 
tional groups that can be determined, and each func- 
tional group is characteristic of a small portion of all the 
organic compounds. Then also, each organic compound 
usually consists of more than one functional group so 
that often a functional group can be found which is 
common only to the desired component and which can 
be used to determine that component. An example of 
the above case is the analysis employed to follow the 
hydrogenation of 1,4-dihydroxybutyne-2. 


H 
HOCH,C==CCH,0H = HOCH,CH,CH,CH,OH 
at. 


Hs 
Rearrangement 
Hy 
Rearrangement 





>» HOCH,CH,CH;CHO 








—» HOCH:CHCH,CH, 
H 
A system of analysis was necessary for the determina- 
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tion of the product, by-products, and unreacted starting 
materials in the final product. The unreacted starting 
material was determined by attacking the acetylenic 
grouping using boron trifluoride and methanol.! The 
glycol by-product was determined via a periodic acid 
oxidation.? The aldehyde by-product was measured by 
making the bisulfite addition product. The main 
product was measured by determining the total hy- 
droxyl content of the sample and subtracting the 
amount of the different impurities contained in it. 
If interferences exist which cannot be circumvented 
by analyzing for another functional group, then it is 
possible to remove the impurity by changing it into a 
form in which it no longer interferes. Also, the whole 
sample éan be altered chemically, but in such a way that 
the altered form of the impurity will not interfere with 
the determination of the altered form of the desired 
component. An example of this technique is the de- 
termination of aniline in the presence of monoethy] 
aniline. Both materials undergo the same analytical 
reactions, acetylate, consume nitrous acid, brominate. 
However, on reaction with nitrous acid, the aniline 
forms the diazonium compound and the monoethyl 
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aniline forms the nitroso compound. The diazonium 
compound will couple with phenols, amines, and pyra- 
zalones, whereas the nitroso compound will not. By 
titrating the nitrosated semple with a standardized 1- 
phenyl-3-methyl-pyrazalone-5 solution, the aniline can 
be determined without being affected by the monoethy] 
aniline. 

The difficulty can also be avoided by first using a 
method which determines the total of desired com- 
ponent and interference. Then the latter is determined 
by a separate method, and the desired component is ob- 
tained by difference. An example of this technique is 
the determination of acetals which contain free alde- 
hyde. The free aldehyde can be determined by bisulfite 
addition. Then the total acetal and free aldehyde can 
be determined by acid hydrolysis and determination of 
total aldehyde. The acetal is then obtained by dif- 
ference. 

Another factor which speaks for the utility of func- 
tional group analysis is the use of ordinary quantitative 
apparatus. For determining most functional groups, 
the balance, buret, pipet, flask, and condenser are all 
the apparatus that is required. Special apparatus is 
needed for a very few groups. 

Also, the accuracy and precision attainable by most 
of the present methods are of very high order. An 
average accuracy and precision poorer than +1 per cent 
is not often found. 


ORGANIC ANALYSIS IN THE CHEMISTRY 


CURRICULUM 


Tue present symposium has as its purpose the dis- 
cussion of the extent to which organic analytical 
methods can be and should be included in the under- 
graduate and graduate curricula in chemistry. The 
proper discussion of this topic is not an easy one. The 
very idea of the introduction of more course work into 
the already crowded curriculum will fill the average 
teacher of chemistry with a certain feeling of horror. 
The teacher is apt to feel that any additional course 
might well be the proverbial straw that will break the 
student’s back. In view of this, I shall attempt in this 
discussion to indicate how some of the material now 
covered in the customary chemistry courses may be al- 
tered or replaced to include more material on organic 
analysis. 

As a concrete example of substitution of training in, 
or at least an introduction to, organic analysis in the 


PHILIP J. ELVING 
The Pennsylvania State College, State College, 
Pennsylvania 


undergraduate curriculum, one might consider the 
elementary course in quantitative analysis. In many 
institutions the first semester of this course includes as 
part of the work in titrimetry or volumetric analysis the 
Kjeldahl method for the determination of nitrogen. The 
Kjeldahl method not only serves as an illustration of 
ultimate or elemental organic analysis but it can also be 
used as a good example of the use of back-titration in 
titrimetric methods. An example of a method for the 
determination of organic functional groups that is in- 
cluded in some elementary courses in quantitative 
analysis is the determination of the neutralization 
equivalent of an organic acid. It might well be possible 
to substitute for some of the.inorganic determinations 
more examples of quantitative organic methods. In 
addition, the connection between the work done in the 
course and the methods of organic analysis might well 





MA 


be 

of § 
tim 
be | 
anc 
7 
gar 
the 
tat 
tau 
ter 
tio 
tea 
gar 
seri 
of | 
8¢ p 
or ¢ 
istr 
} 
to | 
ele! 
obt 
anc 
suit 
of | 
san 
gan 
of 

dea 
I 
cou 
ver 
side 
to 1 
pro 
ma, 
wh 
tati 
mo! 
I 
cal 
rad 
and 
A 
the 
tro¢ 
the 
be 

este 
bon 


- the 
nany 
les as 
is the 

The 
on of 
iso be 
on in 
r the 
is in- 
ative 
ation 
ssible 
tions 


MARCH, 1950 


be emphasized. Thus, in discussing the determination 
of sulfur as the sulfate, it would require but little extra 
time to describe how sulfur in organic compounds can 
be converted to sulfate by various oxidation methods 
and determined as such. 

The determination of certain functional groups in or- 
ganic compounds by titrimetric methods is well within 
the capabilities of the students in the elementary quanti- 
tative course. The averagestudent would profit by being 
taught, for example, the esterification procedure for de- 
termining hydroxyl group content. More in this direc- 
tion could probably be done if it would be possible to 
teach quantitative analysis following the course in or- 
ganic chemistry instead of preceding it. I feel that 
serious consideration should be given to the possibility 
of giving the course in organic chemistry during the 
sophomore year with quantitative analysis following it, 
or at least following the first semester of organic chem- 
istry. 

Most teachers of quantitative analysis, when asked 
to include the determination of organic entities in the 
elementary quantitative course will raise the problem of 
obtaining samples.. In the case of the Kjeldahl method 
and the determination of neutralization equivalent, 
suitable samples are available from the usual suppliers 
of samples for quantitative analysis. A multitude of 
samples containing varying amounts of any given or- 
ganic functional group can be obtained from the catalog 
of the Eastman Kodak Company and of the other 
dealers in organic chemicals. 

It should be noted that in the usual introductory 
course in biochemistry, which is taken in many uni- 
versities by undergraduate majors in chemistry, a con- 
siderable portion of the laboratory work may be devoted 
to methods of organic analysis. It would probably be 
profitable, where curricula are specified for chemistry 
majors, for the existing courses to be surveyed to see 
what material pertaining to both qualitative and quanti- 
tative organic analysis is now presented and how much 
more might be introduced. 

It should be possible to indicate in courses in analyti- 
cal and in physical chemistry how techniques such as 
radiant energy absorption are used in the identification 
and determination of organic compounds. 

A possible change that might profitably be made in 
the elementary course in organic chemistry is the in- 
troduction of more quantitative experiments based on 
the reactivity of various functional groups. It should 
be possible to introduce quantitative experiments in 
esterification, saponification, or addition to unsaturated 
bonds with a minimum of difficulty in teaching or cost. 
It may be possible to make a more extensive use in the 
elementary organic chemistry course of qualitative or- 
ganic analysis as a means of teaching the principles of 
organic chemistry. In particular, I would like to see 
more emphasis placed in organic courses on the analyti- 
cal uses of the properties and reactions of organic com- 
pounds for the identification of structural entities in 
molecules as well as some indication of which of the 
reactions and tests used in synthetic organic chemistry 
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or in organic qualitative analysis could serve as the 
basis for quantitative methods. It should be possible 
in the elementary courses in organic chemistry to em- 
phasize, or at least to indicate, reactions of possible 
analytical importance or application, that is, to note 
reactions of 95 per cent or greater yield which can be 
used for identification and determination. 

It would seem to me that undergraduate courses in 
organic analysis, either qualitative or quantitative, 
should have as their primary function mental training. 
The acquirement of manipulative skills should be a 
secondary feature. On the other hand, courses in or- 
ganic analysis on the graduate level should have dif- 
ferent objectives. Graduate courses in chemistry are 
usually both fundamental and vocational, in that they 
aim to train in specific areas. Accordingly, graduate 
courses in qualitative and quantitative analysis should 
have as their function not only training in the theory of 
chemistry and increasing mental discipline but also the 
imparting of certain manipulative skills. 

Courses in organic analysis at both the undergraduate 
and graduate levels should emphasize the acquirement 
of certain habits which can probably best be developed 
in such courses, especially if they are taught on the 
basis of semimicro or micro scale laboratory operations. 
These worth-while habits include those of vigilant obser- 
vation, preciseness in mental and physical manipula- 
tion, rigid observation of cleanliness, and an attitude of 
skepticism toward reagents, results, and rumors. 

I believe that it would be justified if more instruction 
and practice in micromanipulation were introduced into 
the existing courses in organic analysis, particularly the 
preparation, separation, and purification of materials 
preliminary to analysis. Textbooks covering such 
microscale operations are available and it is to be hoped 
that courses embodying such material will increase in 
number. 

Courses in organic analysis can be used to great ad- 
vantage in the training of graduate students in chemis- 
try. The value of training in organic qualitative 
analysis as fundamental to study and research in or- 
ganic chemistry has long been recognized. I believe 
that an analogous case can be made for the value of 
micro or semimicro organic quantitative analysis as the 
basis for an introduction to precise chemical technique. 

Greater emphasis could be placed on the uniqueness 
of the problems of organic analy.is as compared to the 
problems which are customarily encountered in the 
analysis of inorganic materials. If one compares the 
large number of elements which are commonly deter- 
mined with the relatively small number which are 
usually encountered in organic analysis, one is forced to 
consider why the determination of the six to ten ele- 
ments which usually require the attention of the organic 
analyst is so difficult. As is probably obvious, the dif- 
ficulty in elemental organic analysis is in the nature of 
the chemical bonds which these various elements form. 
In inorganic analysis, one is concerned to a large extent 
with ionic reactions which are virtually complete. 
This is in contrast to the situation in organic analysis 
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where the elements must first be converted to an inor- 
ganic form, ionic or otherwise, before they can be meas- 
ured. 

Similarly the number of functional groupings of atoms 
which the organic analyst is called upon to identify or to 
determine is relatively small. The principal ones are: 
active hydrogen, acyl, alkimide, alkoxyl, amine amino 
acid, carbonyl, carboxyl, C-methyl, hydroxyl, isopropyl- 
idene, and unsaturation. The difficulty in the detection 
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and estimation of these groups is due te the stability of 
bonds in organic compounds and to the almost infinite 
variety of compounds possible with a carbon skeleton. 
Because of the differences just indicated between inor- 
ganic and organic analysis, I do not consider as en- 
tirely valid the argument which is often made that train- 
ing the methods of inorganic analysis is adequate 
preparation for any analytical work, organic or in- 
organic. 


ORGANIC QUALITATIVE ANALYSIS AT THE 
GRADUATE AND UNDERGRADUATE LEVELS 


Tue advantages which accrue to the student of 
organic chemistry as a result of taking the course in 
qualitative organic analysis have been clearly and fully 
stated by Professors Huntress and Shriner in their 
papers on this subject which have appeared in the 
JOURNAL OF CHEMICAL EpucaTIon in 1930 and in 1941. 
No thoughtful teacher of organic chemistry having read 
these papers could fail to realize the training value in 
such a course. Actually it would seem that this course 
is well nigh indispensable, especially if students are 
being prepared for graduate study in organic chemistry. 
None the less, many departments of chemistry still do 
not offer a course in qualitative organic analysis. There 
are various reasons which may be given for this, among 
which are lack of appreciation of the benefits involved, 
apparently limited facilities in the laboratory or library, 
seeming shortage of teaching personnel or perhaps just 
plain inertia. It is my hope that the remarks which 
follow will stimulate those in whose departments quali- 
tative organic analysis is not now being offered so that 
they will do something constructive about this lack of a 
valuable discipline in the molding of organic chemists 
for whose early training they may be partly responsible. 

I thought that if I were to present a brief history of 
some of my own experiences, just after this course was 
introduced in our department, together with certain 
observations which I have made from time to time in 
conducting this course, I might thereby encourage a 
feeling of confidence in the intrinsic values of the course 
which will, I trust, shine through in spite of my fumbling 
efforts. In our department, the course in qualitative 
organic analysis was initiated as an elective graduate 
course about eleven years ago with some half-dozen 
students participating. With obvious misgivings on 
his part, I was placed in charge of this course by the 
chairman of the department in the following year, al- 
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though I had not taken such a course in my own under- 
graduate or graduate career. I found those first two 
years highly instructive. It became apparent to us 
at a very early stage that we should somehow make this 
course available to the senior organic chemistry majors 
in the college. This meant an increase in enrollment 
from 6 to 24. The students could no longer work in 
odd corners, so we appropriated some empty lockers in a 
freshman laboratory, had some extra shelves built 
along one wall for the test substances, solvents, and 
classification reagents whose use was required in the 
method of systematic identification of Shriner and 
Fuson. The more expensive reagents for the prepara- 
tion of derivatives were retained in the custody of the 
instructor so as to discourage the well-known acquisi- 
tiveness of the Ph.D. candidates who seem to find that 
everything that is not nailed down is essential to the 
solution of their problems. We were fortunate to have 
most of the reference books in our departmental library 
and those few which we did not have were readily ac- 
quired. Ovens, balances, refractometer, and a polarim- 
eter were in the building. However, since these were 
used in other laboratory courses, the resulting feud did 
not lead to departmental harmony. I would advise 
on the basis of this experience that separate equipment 
be acquired, even though gradually, so that the sole 
responsibility for its care rests on the instructor in this 
one course. There was no unusual glassware required, 
so that installing the material for 30 students involved 
no great expense. We very soon realized that individ- 
ual sets of reagents were a practical necessity both for 
preventing contamination and for insuring a laboratory 
which did not resemble Grand Central Station at 
5:30 with the long queues of students at the reagent 
bottles and the great milling about. The 92 test sub- 
stances were arranged alphabetically in duplicate 4-02. 
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liquid or solid bottles with varnished labels. On each 
liquid bottle a simple device made of copper wire was 
attached as a holder for a medicine dropper. Quali- 
tative reagents or materials required for preparing 
them, as described in other sources such as Kamm or 
Mulliken, were available either in the main stock room 
or in the laboratory siock room. 

It was no great difficulty to get under way, having as 
we did a flourishing graduate organic division in which 
advanced preparations and research were being con- 
ducted. Immediately at hand were most of our needs 
in the way of chemicals. Even so, we did have to pur- 
chase quite a few chemicals especially for use as un- 
knowns which in most instances were obtained in 
100-g. lots. The chairman of the department was un- 
happy about this fairly large original order until I 
explained the need of having compounds whose purity 
was unquestionable and which could be held out of 
general stock. Furthermore, I assured him that the 
order for the subsequent years would be much smaller 
unless the students enrolled in the course increased in 
number, which they eventually did after first decreasing 
during the war. Last year 54 graduate and undergrad- 
uate students took this course. 

Now perhaps there are those departments in the 
smaller colleges, which in organic chemistry give the 
usual undergraduate course with some advance labora- 
tory preparation or perhaps even a thesis for seniors, 
who might wish to introduce qualitative organic analy- 
sis but who have been reluctant to do so because of the 
extra strain on the budget. I believe if funds are really 
limited, a gradual introduction of the course over a 
three-year period could be a practical means of re- 
maining within budget limitations in such instances. 
The first year, for example, the chemicals for the classi- 
fication reactions might be purchased on the basis of a 
five-year requirement and immediately put to use in 
semimicro tests on materials prepared in the elementary 
and advanced laboratory courses. At the same time, 
a beginning could be made on filling library needs. 
The next year the reagents for the preparation of 
derivatives could be obtained and the use of these could 
be introduced into the laboratory preparation courses. 
The library needs could be further expanded at this 
time and a polarimeter and refractometer would cer- 
tainly be worth-while acquisitions. The test substances 
are available in every laboratory so that at the beginning 
of the third year a full-blown course in qualitative 
organic analysis should bloom. 

Who is to teach this course, you may ask. Can it 
be given by one who has never taken such a course? 
There is no doubt that it would be preferable for the 
prospective teacher to have formally experienced a 
good course in qualitative organic analysis. This is 
certainly not essential, however, provided the teacher 
is well versed in the practical aspects of organic chemis- 
try and can understand the full significance of the 
analytical procedures and their theoretical basis in 
such books as are used and referred to in the course. 
It is essential, if the objectives of the course are to be 
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attained, that the teacher be an enthusiastic proponent 
of this method of training. 

One question of pedagogical significance with which 
we had to contend and on which each teacher must make 
a decision has to do with the proportioning of available 
time to be spent on group instruction for explaining 
procedures, the use of the library, and the working of 
problems on the one hand and time spent on actual 
laboratory work on the other. This ratio will depend 
largely on the previous training of the students, but it 
must be kept in mind that this is primarily a laboratory 
course accompanied by literature search and it must be 
kept so if the objectives of this course are to be realized. 
In our experience at least 75 per cent of the time avail- 
able in the first term should be spent in the laboratory 
and 90 per cent in the second term, at which time the 
identification of unknowns is mostly accomplished. 
Some students find it necessary to put in extra time in 
order to keep up with the rest of the class, and this is as 
it should be. 

That phase of the course from which most of the 
training arises is obviously the actual proof of the iden- 
tity of unknowns. 

One aspect of this course which requires considerable 
thought is the matter of the nature of the unknowns, 
the number of unknowns, and the manner of evaluating 
the students when, as we know, the problems posed by 
different unknowns may be quite different in their com- 
plexity. Of the hundreds of thousands of organic 
compounds reported in the literature, those which are 
qualified to serve as unknowns are limited by avail- 
ability, cost, stability, purity, and fitness for the general 
scheme of identification. Inadvertently we have 
ordered commercial samples of recently developed com- 
pounds and of newly available substances from various 
manufacturers only to realize, after some hapless student 
had worked himself to a frazzle, that the substance did 
not lend itself to identification by the means ordinarily 
employed in the schemes of qualitative organic analysis. 
Either they could not be adequately classified or there 
was a lack of derivatives or both. I think it can be 
generally conceded that there are many compounds 
which cannot be positively identified without quanti- 
tative analysis, at least not in the time alloted. 

What does one do when a student believing he has 
exhausted all possible resources in his attempts to prove 
the identity of an unknown still has not succeeded? 
Well, we hold a conference in which the student presents 
his laboratory data, the literature to which he has 
referred, the reasoning he has employed, his tentative 
conclusions, and whatever else he can offer to prove that 
he has done a yeoman’s job but alas! science has let him 
down. Our response to this usually solemn recital 
might be to tell him to redistill or recrystallize his 
unknown and then to check his physical data or his 
elementary analysis or his solubility classification or 
perhaps even his classification reactions. If he has done 
a generally poor job, we make him repeat. the whole 
analysis. We might suggest some additional references 
if the usual sources have not been satisfactory for the 
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preparation of derivatives. Of course, this service is 
not gratis, and, depending upon the difficulty of the 
unknown, and upon the independent effort which the 
student has made before asking for the consultation, 
we may tax him from 10 to 30 per cent. This system 
is one on which my conscience is tender and I would 
appreciate knowing the procedure which others adopt 
when failure to prove the identity of an unknown is the 
result of a simple error of omission or commission which 
timely advice can rectify. 

More than once I have had to tell the student that I 
was unable to make any constructive suggestion since 
the substance which he had been given as an unknown 
had proved to be unresponsive to any reasonable group 
of tests which ordinarily might be employed. I might 
then say, as I did recently, that the substance in ques- 
tion is used as a rubber accelerator. With this informa- 
tion the student was able to make a positive identifica- 
tion. I don’t feel that in such a case the disclosure of an 
application of the compound after the student has satis- 
fied all ordinary requirements is acting against the 
purposes of the course. In the industrial field this type 
of information usually accompanies a sample for analy- 
sis. 

I have in rare instances been forced to conclude that 
in spite of our fairly liberal regulations, the student 
has succumbed to temptations usually as the course 
was drawing to a close and he began to feel the pressure 
of time. A few transgressions which I have observed— 
and I realize there may have been others that i missed— 
have been the result of the inability of the student to 
prepare more than one derivative. Since we require 
two in nearly all cases, the student may place a handy 
crystalline material in a sample tube and hand it in 
labeled as a derivative. A check of the melting point 
uncovers the dark deed. Here is another problem. 
Shall we consider this student to be unreliable as a 
scientist, and so take such steps as would exclude him 
from the field of chemistry, or is it enough to vigorously 
impress him with the unmoral nature of faking scientific 
evidence and the serious consequences to himself and 
others which may result from such an act? Probably 
it is best to consider each case on its own merits or lack 
thereof. 

To the best of my knowledge, the number of general 
unknowns whose identiffcation is required actually 
varies from 4 to 16 in different schools where the course 
in qualitative organic analysis is given. Now, of 
course there is little value in requiring the identification 
of all or even the majority of a very large number of 
unknowns if these unknowns are particularly easy or 
if there are many duplications of unknowns among the 
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different students or if they are not changed from year 
to year or if the students have access to a stock room 
in which many of the unknowns are maintained as stock. 
It is perfectly obvious that any or all of these con- 
ditions would permit identification of unknowns with 
only partial and even negligible recourse to those pro- 
cedures in whose use precisely lies the discipline and 
training for which this course is given. On the other 
hand, although four unknowns are admittedly a low 
minimum, it is sometimes practically very difficult to 
demand more of students in a liberal arts college when 
their senior program may be very heavy, especially if 
the dean is adamant in such matters. Probably a 
reasonable number of unknowns for the great majority 
of schools which would offer this course would come 
very close to the suggestion of Shriner for six single 
unknowns and two mixtures. 

My final comments are addressed to the subject of 
the proper place in the curriculum for the course in 
qualitative organic analysis. At present we require 
this course for organic chemistry majors in their senior 
year. It is also a required course for those students 
coming from other colleges at which this course is not 
offered. At present, graduate credit is given. Even- 
tually it will become a prerequisite if it is generally 
adopted in undergraduate curricula. 

No identification work as such is offered in our ele- 
mentary organic courses, although in certain experi- 
ments we have added classification reactions and prepa- 
ration of typical derivatives for what would be other- 
wise limited to preparative work. 

The graduate and undergraduate students take the 
same course. Generally the graduate students com- 
plete their unknowns earlier. I attribute this to the 
extra time which they spend and to their greater famil- 
iarity with and facility in the use of the literature. 

Next year, we are going to demand of the graduate 
student the identification of a greater number of un- 
knowns. We intend to step up the requirements for 
the seniors as well, although to a lesser extent. 

By distributing the unknowns at the 4th week of the 
30-week (4-credit) course instead of at the 11th week, 
we are hopeful that the greater number of unknowns 
can be solved in the allotted time. 

In closing this paper, I want to leave this final thought 
with you, that since qualitative organic chemistry is a 
relatively recent arrival in the chemistry curriculum of 
many schools, there is as yet no widespread acceptance 
or even recognition of minimum standards. In this 
respect alone, a vast and unexplored area exists, which 
requires extensive discussion and ultimately careful 
delineation. 
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* THE TRAINING OF ANALYTICAL CHEMISTS 
FOR INDUSTRIAL RESEARCH* 


In piscusstne the question of what industry expects 
in the way of training for analytical chemists, it is neces- 
sary first to outline the problem which is under consid- 
eration. For the purpose of this discussion the needs 
for analysts assigned to control work will not be re- 
viewed. Instead, it is the intention to consider the 
training necessary for analytical chemists who are 
working in industrial research or development or on 
problems arising from sales service. In the field of 
analytical research analytical chemists are needed who 
have the inherent ability and training to develop new 
procedures independently. 

A distinction often is made between the terms “‘ana- 
lytical chemist” and “‘analyst,’”’ and it is a valid one. 
The analytical chemist can be defined as one who is 
familiar with the means of carrying out an analysis but 
who is concerned primarily with the information to be 
obtained from the analysis and with the interpretation 


> of this information. The analyst, on the other hand, 


appreciates the end in view but is concerned primarily 
with the means to be used. In other words, the ‘‘analyt- 
ical chemist” is one who is able to develop new meth- 
ods, use them, and properly evaluate the data obtained. 
An “analyst” is mainly a user of analytical methods. 
This discussion will consider the training required by 
the analytical chemist. 


INDUSTRIAL ANALYSIS 


It was not so long ago that the industrial analytical 
chemist was called upon to identify and determine only 
those constituents of materials which were present in 
comparatively large amounts and to make use of only 
relatively simple conceptions and methods. In the 
inorganic field determinations of the so-called ‘‘com- 
mon” elements were called for. For an organic sample 
the estimation of carbon, hydrogen, nitrogen, sulfur, 
and halogens, sometimes supported by a saponification 
number, iodine number, or similar data, would generally 
suffice to identify or estimate the major constituent. 
Now the situation is quite different. Practically any 
element in the periodic table may be encountered and 
frequently in trace amounts. The importance of these 
trace amounts can be illustrated by catalysts where very 
small amounts of certain elements are added as pro- 
moters and by fertilizers where some elements, when 
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present even in small amounts, have been found to have 
a pronounced effect on plant growth. Accurate analy- 
ses for the less common elements present in unusually 
low amounts are indispensable to research in these fields. 
In the organic field establishing the elementary com- 
position of the sample marks the completion of only the 
first step in the analysis. Questions to be answered 
are: How many substances are present? What func- 
tional groups are in these substances, and how are these 
functional groups arranged in the molecular structures? 
Are compounds involved which have the same ultimate 
composition and which respond to the same chemical] 
reactions? 

Industrial analysis, therefore, is no longer limited to 
the detection and estimation of elements or relatively 
pure compounds but has been widened to provide de- 
tailed information about the compositions of complex 
materials and their properties. Increasingly compli- 
cated physical and physical-chemical measurements 
are widely used in the analytical field. 

Although not new, the specialized techniques of 
microanalysis are being eraphasized and provide valu- 
able information. The sample may consist of a bit of 
inorganic corrosion product on a telephone relay which 
is misbehaving, or it may be a few milligrams of a crys- 
talline compound which has been obtained as the en- 
tire product from a long, tedious organic synthesis. 
The techniques of microanalysis have been developed to 
handle the minute samples available in such cases. 

These brief glimpses indicate some of the problems 
which the analytical chemist in industry faces every 
day. What, then, should be his training to have a 
successful career in this field? 


TRAINING FOR INDUSTRY 


Perhaps a few requirements should be sketched to 
clarify the picture of what is expected of the analytical 
chemist. He should have the ability to define the 
scope of aproblem. This will include a broad apprecia- 
tion of the objectives of the person for whom the analy- 
sis is to be made. The analytical chemist should be 
able to recognize the possible approaches to his problem 
which are open to him and should have some idea as to 
the relative merits of each. Having selected an avenue 
of approach, it may still be necessary for the analytical 
chemist to develop an entirely new analytical method. 
When he has decided upon a course of action, he should 
be in a position to see that the necessary manipulations 
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are carried through, either by himself or by a suitable 
specialist. Finally, he will have to evaluate the data 
obtained and present the results in a suitable form that 
gives all the information obtainable by the procedures 
employed. The analytical chemist, if he is to do a 
complete job, must approach his work with an open 
mind and must not admit defeat until all avenues of 
approach have been considered. 

It is important for the analytical chemist to have the 
ability to work with others on a cooperative basis. He 
may be called on to serve as a member of a research 
team. In his own analytical field a complete analysis 
may not be a “one-man” job but the result of the efforts 
of several persons working closely together. As has 
just been pointed out, there must be a free exchange of 
information and understanding between the analytical 
chemist and the research chemist on all analytical 
problems. The development of good personality 
traits should not be neglected in the training of the 
analytical chemist. 

There are two broad levels of training and experience 
that are required for industrial analytical work, but at 
both levels the point of view described in the previous 
paragraphs must be maintained. The analytical chem- 
ist, who is to supervise analytical work or who is to 
devote full time to analytical research, should have had 
graduate training. Before assuming a supervisory 
position, it would be advisable for him to spend some 
time carrying on industrial analytical research. For 
the analyst who is to carry out the actual analyses, a 
bachelor’s degree from a college having a strong cur- 
riculum in chemistry and physics should be sufficient. 
In no case should the point of view be accepted that a 
person who could not qualify in other branches of chem- 
istry would be satisfactory for analytical chemistry. 
As pointed out by R. B. Seymour,' “A premedical 
student who cannot make the grade does not become 
a routine physician nor does an orderly become a 
doctor of medicine after he has had six months’ experi- 
ence.” 


THE COLLEGE TRAINING 


The writer does not presume to dictate to educators 
exactly which courses should be given to provide the 
desired training but perhaps a few suggestions along 
broad lines will bein order. —Tomany educators analyt- 
ical chemistry has meant primarily systematic inor- 
ganic analysis. The subject of the analysis of organic 
compounds has been treated somewhat incidentally 
along with the study of organic chemistry. This has 
tended to minimize the importance of organic analysis 
at a time when, if anything, it should be receiving more 
emphasis than inorganic analysis because of the rapid 
expansion of the synthetic organic chemical field. 
Organic analysis should be treated as an integral part of 
analytical chemistry, and the principles to be applied 
should be studied alongside those of inorganic analysis. 

Dr. L. T. Hallett, through his many contacts with 
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industrial analytical chemists, is in a unique position to 
present their point of view, and his editorial of Decem- 
ber, 1945* gives an excellent outline of the training 
which can be suggested as desirable. One basic prin- 
ciple stands out clearly here and also in the comments 
of other leaders in the analytical field.* The first 
requirement in a curriculum should be that it empha- 
size the fundamental principles of chemistry and phys- 
ics. There should be no foreordained plan to tum 
out at the end of four years a complete analytical chem- 
ist. Rather, there should be presented to the student 
the basic knowledge in the sciences of chemistry and 
physics upon which as a foundation he can build later, 
either through graduate study or through actual experi- 
ence in the laboratory while practicing his profession. 
The first course in gereral chemistry in the freshman 
year is the most tmportant of all and should be presented 
by the most skilled teacher available. It should point the 
way to future work by making the fundamental prin- 
ciples stand out, using the descriptive material for illus- 
trations. 

The course in qualitative analysis should illustrate 
principles, and it should not eover in detail the com- 
plete group separation scheme. In the laboratory, 
semimicro techniques may be used and experiments 
should be selected to demonstrate typical reactions. 
Much detail can be omitted. The qualitative course 
might include a brief description of the emission spec- 
trograph and its use for identifying the inorganic 
elements. In quantitative analysis the reactions on 
which the methods are based should be the main focus, 
and reasons for any unusual steps in the procedure 
should be clearly given. The teaching of both qualita- 
tive and quantitative analysis affords an excellent op- 
portunity to show how the principles of physical chem- 
istry are applied in practice. If taught from this view- 
point, the student learns why certain steps are taken 
and does not become a slave to the details of a proce- 
dure. 

In the laboratory the student should be taught the 
different techniques that he will be called upon to use, 
and the emphasis should be on the importance of careful 
attention to each detail of the process, the development 
of manipulative skill, and a familiarity with the different 
analytical instruments. Experiments should be de- 
signed so that each demonstrates a principle, and there 
should not be a repetition of routine determinations. 

Attention should be given to precision and accuracy, 
not only from the abstract point of view but also to 
show how these principles may be used to select a suit- 
able procedure to attain the desired objective. When a 
method that will give an accuracy of +0.5 per cent is 
Adequate, it is poor policy to waste time and energy on 
attaining an accuracy of 0.01 per cent. The judgment 
required to make such a decision should be cultivated. 

The broad training in chemistry for the student should 
be continued with courses in inorganic, organic, and 
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physical chemistry. Since physics is used just as much 
as chemistry in analytical work today, courses in this 
subject should be required. Included in the courses in 
physics which should be placed early in the curriculum, 
there should be discussions of heat, light, and electric- 
ity. Especially important in the application of physics 
to analysis is the field of optics. Microscopy and the 
transmission of radiant energy in the ultraviolet, visible, 
and infrared regions are important examples. Prac- 
tically all recording instruments employ electronic 
circuits, and an understanding of the fundamental 
principles involved will be very useful. In the labora- 
tory there should be demonstrated among other things 
the principles of light absorption, the use of electrical 
instruments such as the potentiometer, and the assem- 
bly of simple electronic circuits. Mathematics should 
be studied for its usefulness and for mental discipline. 

English is the most important of the nontechnical 
subjects. The student must learn to express himself 
well. He should be taught to pick out the essential 
points from his work and present them concisely and 
clearly. The conclusions to be drawn should stand out 
and should not be submerged in a tedious narrative. 
The analytical chemist will want to take his place as a 
useful citizen in his community so there should be 
time in his schedule for a balanced selection of the so- 
called cultural courses. 

The groundwork in a broad study of the different 
branches of chemistry and physics having been laid, 
there may be time in the senior year of college for elect- 
ing &@ course in a more specialized field. The student 
interested in analytical chemistry should be encouraged 
to take a course in advanced quantitative analysis, in 
microanalysis, or in instrumental analysis. The ad- 
vanced quantitative analysis might cover some of the 
more difficult and less common procedures, both inor- 
ganic and organic, and possibly include an introduction 
to such techniques as chromatography and partition 
as analytical tools. A course in microanalysis might 
include the use of microscopic techniques, spot tests, 
and the methods of Pregl for organic analysis. In in- 
strumental analysis the emphasis should be on the 
principles of design and operation of the instruments 
and on the development of adequate interpretations of 
the data obtained from the instruments. The objective 
of a survey course should not be to develop a finished 
instrument operator. Such skill is easily attained with 
practice. Rather, the student should receive -a clear 
impression of each type of instrument so that he knows 
its general field of application together with some of its 
advantages and some of its disadvantages. 


GRADUATE TRAINING 


It is during graduate study that specialization should 
begin. Itis hoped that in the presentation of the under- 
graduate courses there has been woven in some evalua- 
tion of the contributions which each field is making to 
scientific knowledge so that the student will have the 

-hecessary facts to permit him to choose a field of spe- 
cialization which will challenge his interest. In the field 
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of analytical chemistry the graduate student will want 
more specific knowledge such as special methods of 
analysis, procedures for making difficult separations, 
techniques for avoiding interferences, and the extension 
of methods to the determination of trace amounts of 
elements. He will want to know more about the various 
analytical instruments available, details of the prin- 
ciples on which their operation depends, their particular 
application, and the advantages and disadvantages 
of the automatic or semiautomatic operation of certain 
instruments. Certain of the elective courses outlined 
for the senior year of undergraduate work could be of 
graduate caliber. Originality of thinking should be 
developed through the study of available procedures 
for a particular analysis and the devising of entirely 
new methods. Some attention should be given to the 
use of statistics in connection with analysis and to the 
meaning of precision and accuracy for a particular 
method. 

For a research problem to be used to prepare a thesis 


-for-an advanced degree, some analytical need, tech- 


nique, or instrument should be selected as the basis, and 
independence of thinking should be encouraged. The 
joint efforts of professor and student should be toward 
developing the ability of the student to conduct inde- 
pendent research. There are many occasions in indus- 
trial research work where no satisfactory analytical 
method exists to supply the information needed. This 
is particularly true in organic research where mixtures of 
similar compounds are frequently encountered. If 
properly organized, the research work should serve to 
test and utilize the fundamental knowledge learned in 
class and give the student the experience in drawing 
upon such information which he will need later in 
undertaking analytical research in industry. During 
the course of the research there should develop an 
expert knowledge of and skill in the operation of the 
technique or instrument. Most important, however, 
should be the ability to develop a research program, to 
interpret the results obtained, and to describe ade- 
quately in a report what the work has accomplished. 

In seminar work there should be assignments to re- 
view critically the literature on a particular type of 
analysis and if procedures available appear to be inade- 
quate to suggest other lines of approach. Plans might 
be developed for handling the separation and determina- 
tion of the constituents in a complex research product 
using the techniques of both chemistry and physics 
or the identification and determination of the constitu- 
ents in an unknown commercial product. These plans 
may or may not be tested by actual laboratory work, 
as seems advisable. 


CONCLUSION 


In brief, then, the curriculum for training a prospec- 
tive analytical chemist should develop the following: 


Intellectual ability with a clear understanding of the basic 
principles involved in both chemical and physical analyses. 
Manipulative skill, first in the major standard techniques used 
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in analysis and later, when time is available, in more specific and 
specialized techniques. 

Creative ability and originality in thinking so that the re- 
sultant analytical chemist will be able to undertake research in 
devising new approaches and new procedures when necessary 
and will not be restricted by conventional methods. 

Ability to make sensible interpretations of data and to ex- 
press results clearly and concisely. 


We recommend that emphasis be placed on the fol- 
lowing points: . i 

Organic analysis should be given fully as much attention as 
inorganic analysis. 

Lecture material and laboratory experiments should be de- 
signed to illustrate principles or to demonstrate techniques. 
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Instruments should be discussed from the point of view of the 
principles of design and operation, general uses, advantages, 
and disadvantages and not from the point of view of machine 
operation. 

Instruction should teach how to analyze a problem and to 
select the best approach, due consideration being given to the 
various techniques available. No opportunity for developing 
judgment should be lost. 


With a fundamental training of this sort and with 
the many excellent reference books at his disposal to- 
gether with the experience of his supervisor and asso- 
ciates to draw upon, the analytical chemist should be in 
& position to undertake his career with the prospect of 
success and satisfaction. 


THE TEACHING OF QUANTITATIVE ORGANIC 


MICROANALYSIS 


Wiirs the introduction in 1925 (30) of quantitative 
organic microanalysis at the Washington Square Col- 
lege, New York University, the teaching of quantitative 
organic microanalytical methods was simultaneously 
taken up and was incorporated in 1928 in the regular 


Graduate School chemistry curriculum. In the follow- 
ing a résumé of the teaching experience since gained is 
attempted. 

The course at New York University was first organ- 
ized along the lines practiced in Pregl’s laboratory at the 
University of Graz (Austria), where the student, usually 
a postgraduate, often a chemistry teacher or industrial 
chemist, was taught individually the principles of 
weighing on a microchemical balance, then the more 
simple methods, and finally the carbon and hydrogen 
determination and the more special methods of deter- 
mining molecular weight and molecular and atomic 
groupings. There was no special supervision or control 
or time-schedule and it was up to the individual to make 
the best of his time, usually from 4 to 6 weeks (24 to 
36 periods), approximately 8 hours a day for the entire 
course. 

The course in quantitative organic microanalysis 
is a graduate course at New York University; conse- 
quently, only graduate students are accepted, each 
holding either a B.Sc. or Ch.E. degree. Quantitative 
inorganic analysis is made prerequisite, but it is of no 
importance whether the student is majoring in organic 
or any other branch of chemistry, as it was found that 
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the training is beneficial for any student of the experi- 
mental sciences, whether physics, biology, or chemistry, 
since the student very soon realizes the importance of 
exactness, cleanliness, and the painstaking following of 
experimental procedures. Deviations from these re- 
quirements certainly will prove fatal to obtaining 
acceptable results. The student gradually acquires 
a feeling for what Pregl called the “chemical asepsis.” 

The course is given in the spring and lasts from the 
beginning of February until about the middle of May, 
about 14 weeks. Each student is required to reserve 
one full day a week for the course, which thus gives 
each student 14 periods. For each period there is a 
definite assignment of work which has to be completed, 
taking into consideration an eight-hour day, which 


may be extended according to the individual require- } 


ments of the student. Each student is assigned to his 
own microchemical balance, so that there is no inter- 
ference from other individuals. The equipment fur- 
nished each student is simple: a micro-spatula, a 
camel’s hair brush, a pair of forceps, and a clean towel. 
The following table illustrates a typical working sched- 
ule. 

At present the course is limited to four students a day 
and four or five days a week. The balances are set 
up on a stone table in the middle of the room, away from 
all immediate sources of heat. No other special pre- 
cautions are taken. 

Since it is preferable when weighing on a microchemi- 
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Kind of determination 


Kind of determination Allowable error, % 





Period 
Ist and 2nd Technique of weighing; determination of 
the sensitivity of the balance 
3rd Determination of metals 
4th to 6th asa nitrogen 
7th and 8th Dumas ni n 
th, 10th, and 11th Carbon and hydrogen 
12th Molecular weights 
12th to 14th Examination unknowns 





cal balance to use the rider exclusively, avoiding the 
handling of weights, amounts of from 1 to 10 mg. will be 
desirable, with quantities of from 3 to 5 mg. the most 
convenient. Itis therefore quite obvious that wherever 
there is a microchemical balance available, these ‘‘milli- 
gram processes” (Pregl methods) are the logical applica- 
tion. This viewpoint has been used by the author 
in teaching microanalysis in preference to resorting to 
so-called ‘‘semi-micro”’ methods (deca-milligram pro- 
cedures) of analysis in use in some educational and in- 
dustrial laboratories (8, 9, 14, 16, 28). For the metal, 
carboxyl, and the Rast (26) molecular weight determina- 
tion, as the simplest types of quantitative microchemical 
procedures, individual equipment is provided for all the 
four students, all of them doing the same without inter- 
ference. For all the other determinations the appara- 
tus is available in pairs and the students then work to- 
gether, two of them doing the Kjeldahl determinations 
while the other pair is working on the Dumas or the 
carbon and hydrogen apparatus, and vice versa. 

Since in Pregl’s book (24, 25) the actual working 
procedures are rather obscured by historical narratives, 
experimental working procedures have been worked 
out in a systematic way for every determination taught 
(19). In most cases the original Pregl method has been 
retained and changes have been inaugurated only by 
force of necessity. The changes have been most pro- 
nounced in the carbon and hydrogen determination. 
One apparatus is set up precisely as described by Niederl 
and Roth (20), having only one combustion gas line, a 
preheater, and electrically heated combustion tube with 
side-inlet, filled according to Pregl. The other appara- 
tus is identical, with the exception that it contains 
silver wool instead of the lead superoxide, thus eliminat- 
ing the objectionable features of this reagent (6, 12, 
29), but also limiting the use of this second apparatus 
to compounds not containing nitrogen. By a strict 
separation and use of an aspirator for the absorption 
train any defects due either to improper technique or to 
unfavorable atmospheric conditions or faulty tubes and 
reagents are easily detected. 

The determinations must be repeated until satis- 
factory results are obtained. The following precision 
allowed is shown in the following table. 

As soon as this precision is attained, research sub- 
stances are handed out. In this way a large number of 
research substances are analyzed. 

The following table shows the results of the very 
first determinations at the beginning of the course, 
carried out by students with no previous experience 
in microanalysis but with a fairly uniform and average 


Metals 


Carboxyl 

Nitrogen (Kjeldahl) 
Nitrogen (Dumas) 
Carbon and hydrogen +0.3 
Halogen +0.2 
Sulfur +0.2 
Mol. wt. (Pregl, a) (24, 26, £7) +5.0 
Mol. wt. (Rast +5.0 
Mol. wt. (Niedesl) (21, 22) +5.0 


+0.2 
+0.5 
+0.3 
+0.3 





undergraduate college education, in comparison with 
the results obtained at the end of the course. 





Results Obtained 


Very first At the end 
analysis, % of course, % 


Good (results within the limitations 20 32 
of the method) 

Fair (results off 0.3% to 0.5%) 30 42 

Mediocre (results off 0.5% to 1%) 40 28 

Failures 10 6 








_ These results represen the average of about 400 students reg- 
istering for the graduate course in Quantitative Organic Micro- 
analysis (Chemistry 202) at this University. 





The table given below illustrates the results and 
accomplishments with the teaching arrangement out- 
lined before: 





Organic Microanalyses Performed During Spring 
Term of 1934 





Research 
substances 


Known 
substances 





Number of students 
Total analyses 
Analysis per student 


Kinds of analyses 


wall 

Carboxy 

ineensn (Kjeldahl) 
Nitrogen (Dumas) 
Carbon and hydrogen 
Mol. wt. (Rast 

Mol. wt. (Niederl) 
Halogen 


— (62.5%) eer.e 


‘hai 


Total 





112 
125 
277 
256 
321 
40 
32 
22 


11 





From the above table another important fact may be 
observed, namely, that a course of this type, aside from 
its educational value, constitutes a definite asset to 
any institution pursuing organic chemical research, 
inasmuch as it affords the analysis of a large number (in 
the above case, 444 or 37.5 per cent of the total number 
of analyses) of research substances. 

Examination unknowns are handed out for the last 
two periods of the course. They consist of the total 
analysis of one unknown substance, usually a research 
substance, requiring, in addition to quantitative carbon 
and hydrogen determination at least one, but not 
more than two, further, independent determinations, 
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such as nitrogen, metals, carboxyl, or molecular weight. 
As time permits, any one of the other standard quanti- 
tative microdeterminations (halogens, sulfur, alkoxy, 
or alkimide, etc.) may be taken up and practiced. In 
this discussion the case of the special student, with a 
higher educational background ‘or of broader chemical 
experience, is omitted. 

In summarizing, then, it can be said that in all cases 
where balances allowing a reproducibility of weighings 
within +0.002 to 0.010 mg. are available, there is no 
need to resort to so-called ‘‘semi-micro” methods (8, 9, 
14, 16, 28), but the classical quantitative “milligram” 
procedures of Pregl (24, 25), Emich (10) and others 
(6, 12, 17, 18, 29) can be taught and practiced under 
conditions as found a priori in any average quantitative 
chemical laboratory. A course in organic quantitative 
microanalysis has, besides, the often repeated typical 
advantage of a course in microtechnique (1, 2, 3, 4, 
6, 7, 9, 10, 18, 14, 15, 28), such as: development of 
“experimental asepsis,” saving of time and materials, 
and the exceptional feature that it is also of invaluable 
aid to organic chemical research. 
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MODIFIED DUMAS BULB EXPERIMENT 


T. J. PHILLIPS 
Evansville College, Evansville, Indiana 


Ratuer than have the student’ break the Dumas 
Bulb under water and determine the volume from the 
weight of water taken into the bulb,' we have found that 
the student can determine the volume just as accurately 
by displacing water. The water level of a glass cylinder 
is marked, the bulb immersed, and the new water level 





1 Danrets, F., J. H. Mataews anp J. W. Witiiams: “Experi- 
mental Physical Chemistry,”’ McGraw-Hill Book Company, 
Inc., 1941, p. 303. 


marked. The volume change can be measured by run- 
ning in water from a buret. From the known density of 
the glass (we have our students determine this from the 
small piece removed when the bulb was sealed) and the 
weight of the bulb, the interior volume is calculated. 
This method eliminates the possibility of losing small 
pieces of glass when the bulb is broken under water and 
also the necessity for making a “bubble correction”’ in 
case of incomplete filling. 





Employment Policies and Practices in American Organizations 


FIRST DAY WITH HERCULES 


Eacn year a new group of chemically trained young 
men and women put aside the relative freedom of 
student days and take to themselves a taskmaster 
which, often as not, will wield a control over them 
for the rest of their lives—a job. 

Gone are the free summers. No more jobs as life- 


guards, caddies, bellhops. You’ve finished four years 
of college. Picking an employer now is serious business. 

There are many things you need to know about your 
employer, just as he does about you. 

So, let’s suppose that you’re thinking about a job 
with Hercules Powder Company. Your first interview 
with a Hercules representative answers many of your 
questions. They have a job to offer you; it will be 


JANE F. GAFFNEY and JOHN T. HAYS 
Hercules Powder Company, Wilmington, Delaware 


in their central research laboratories near Wilmington, 
Delaware. If you make out well, there will be ad- 
vancements. The pay sounds good. You learn to 
your surprise that Hercules Powder Company is not 
primarily a powder manufacturer. Hercules produces 
many basic raw materials for the chemical industry. 
So there can be considerable variety to the work. The 
representative of the company who interviews you is 
pleasant and courteous. 
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You stack up these facts and impressions along with 
those you have of other potential employers. You 
think Hercules would be a good bet. 

At the same time, Hercules is appraising you. They 
know that you come from a good school, your records 
are good. They like your personality: you are 
friendly, intelligent, well-informed. 

So, Hercules decides to hire you, and you decide to 
accept. 

‘‘. . . Be in the office of technical personnel supervisor 
George F. Cooper, Room 815, Delaware Trust Building, 
Ninth and Market Streets, Wilmington, Del., Monday 
morning,” the letter telling you about the job says. 

You arrive at the building around nine, a bit nervous, 
glad that you took time to have your suit pressed, 
your shoes shined. You wish you could look ahead a 
month or two to see how you are going to like this 
company. The elevator operator has reached the 
eighth floor and is waiting for you to get out. ‘Around 
to the right,’”’ she says helpfully. 

You find Room 815 without any trouble. You open 
the door. Mr. Cooper greets you in a friendly way. 
Younger than you thought he would be. You figure 
he didn’t get those shoulders in a chemistry lab. (As 
a matter of fact he didn’t. He was a two-letter man at 
the University of Iowa.) 


HERCULES ORGANIZATION 


You talk a while—general subjects—about your 


The Electron Microscope Comes in for Its Share of Use in the Normal 
Round of Laboratory Work 
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trip to Wilmington, the weather, about finding a place 
to live. 

“Naturally you want to know more about the work 
you'll be doing,” Mr. Cooper says. 

You agree. 

“Well, you’ll be starting in the Naval Stores Divi- 
sion,” he explains. “Dr. Ivett, manager of the 
division, will give you the details about that later 
today. Meanwhile, I can give you an idea of where 
your work will fit in.” 

He tells you then that Hercules has six operating 
departments—called the Cellulose Products Depart- 
ment, Explosives Department, Naval Stores Depart- 
ment, Paper Makers Chemical Department, Synthetics 
Department, and Virginia Cellulose Department. 

Working with the six operating departments are 
auxiliary departments. These include: advertising, 
engineering, export, legal, medical, personnel, purchas- 
ing, safety, traffic, and research. 

You are now a member of the Research Department, 
he tells you. The Research Department has six re- 
search divisions which correspond to the operating 
departments. It also has general divisions—each 
separate—for analytical work, new product evaluations, 
pilot plant development, physics, and scouting re- 
search. 

“What sort of products does Naval Stores research 
handle?” you ask. 

“Naval Stores raw materials include rosin, pine oil, 
turpentine, and other terpenes,” he replies. ‘From 
them, it develops a wide variety of chemicals for the 
paint, ink, soap, and many other industries.” 

“‘You’re wondering, no doubt, why or how we de- 
cided to put you in the Naval Stores Division,” he 
adds. ‘They just happened to need a man right now. 
Actually, you could have started in any division. 
We'll all know after a time where you’re best fitted 
to work.” 


FIELDS A CHEMIST CAN ENTER 


The Research Department is separate from the six 
operating departments, but each phase of its work is 
correlated with the interests of the operating depart- 
ments, Mr. Cooper explains. Most of the company’s 
research is conducted at the Experiment Station just 
outside Wilmington, although developmental research 
is carried on in many of the plant laboratories. How- 
ever, much laboratory work done at plants is essentially 
quality control work. 

“Suppose I found I wanted to branch out into some 
other type of work, could I do it?” you ask. 

“Yes; specialization usually comes a few months 
after you’ve started on general work,” he explains. 
“In a company like Hercules which makes and sells 
many chemicals, the chemically trained employee has 
a number of outlets in which he can specialize. He 
can put his knowledge of chemistry to work in research, 
in production, in sales, or in technical service to 
customers. Chemical engineers may also turn to 
design and construction engineering.” 
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Hercules does not expect the newly hired chemist 
to know which of these phases of the company’s work 
he would like to do right away, Mr. Cooper tells you. 
That’s why Hercules starts the new chemist at the 
Experiment Station where he works under a division 
manager on a broad field of company research. That 
way, he becomes familiar with Hercules policies and its 
many products. 

How long you stay in a laboratory or at the Experi- 
ment Station, depends upon the type of work you will 
specialize in. 

Some chemists and chemical engineers ask for, or 
are picked for, production work. That means they 
will go to a Hercules plant. They might start in the 
development laboratory at the plant, or as shift super- 
visors. These men may stay at the Experiment Sta- 
tion just long enough to acquire a basic familiarity with 
the company or they may stay a couple of years, de- 
pending upon the department and the nature of the 
work. 

‘What about chemical engineers who want to enter 
the field of designing or construction engineering, do 
they train at the Experiment Station too?” you ask. 

“Not unless they’re going into operating work. If 
they’re planning to work as engineers they train 
through the Engineering Department,’’ Mr. Cooper 
replies. ‘Their headquarters are here in this building.” 

That covers the men who stay only briefly at the 
Experiment Station, he continues. On the other hand, 
research chemists who prefer to remain in research 
usually are assigned to the Experiment Station per- 
manently. They may specialize in fundamental re- 
search, or in process development, or perhaps in product 
application research. This group usually includes many 
men who hold advanced degrees. 

“How do men in laboratories at your plants get 
there?” you inquire. 

‘‘They’re the men who specialize in improving a par- 
ticular product or in developing a better way to produce 
that product. These men frequently start at our Ex- 
periment Station and move out to a plant laboratory 
after they have acquired a solid groundwork of informa- 
tion about the product. In some cases they may be 
transferred back to the Experiment Station later on. 
Experiment Station and plant chemists work closely 
together on many projects.” 


SELLING TAKES MUCH TRAINING 


Men who will become salesmen or technical service- 
men for customers may remain at the Experiment Sta- 
tion for several years before being assigned to a sales 
office. Sales and service work requires this extensive 
training. You have to be thoroughly familiar with a 
product to do a good job of selling it, he explains. 
Chemical raw materials have so many end uses that it 
takes years to learn enough about them. It’s far more 
complicated than selling a finished product. 

A man selling just one chemical—say, for exdmple, 
nitrocellulose—will have customers who make plastics, 
printing inks, textiles, lacquers, airplane glues, or 


This Apparatus Is Typical of That Used in the Pioneer Work Done by 
the S ting R h Division 


photographic film. And that holds true for most of our 
chemicals—they all go into many industrial products. 

You are beginning to get a picture of the business 
now. You have other questions you want to ask. Mr. 
Cooper’s phone rings. You take time to look out his 
window over the rooftops of Wilmington while he’s 
busy. A couple of girls are talking in the next office, 
laughing about something. You feel more relaxed now. 
Ii seems like a friendly place so far. 

Mr. Cooper finishes his phone call, looks at his watch. 
“Tt’s just about time for the station wagon to leave 
here for our Experiment Station,” he says. “It takes 
about 25 minutes to get there. We make several trips 
a day.” He pushes a button. A girl from the next 
office comesin. Mr. Cooper asks her to take you around 
to the rear elevator. “Our station wagon is parked 
right outside the door down there,’’ he explains, “the 
driver will take you out to the station. Mr. Malcolm 
Moore is expecting you. . .he’s in charge of personnel at 
the Station.” He comes around the desk and walks to 
the door with you. ‘Good luck. I hope you’re going to 
like working with us.” You shake hands and hurry 
after the girl who has already started down the cor- 
ridor. 

You spot the station wagon right away. In a minute, 
a girl with a big canvas valise comes out of the building 
and sits behind the wheel. You move out into the 
morning traffic. 











A View of the Micr py Laboratory Catches a Chemist Scrutiniz- 
ing a Slide under the Microscope 


FAMILIAR SIGHTS AND SMELLS 


The ride to the Experiment Station takes you through 
rolling hills and rich farmland. At the crest of one hill 
the driver points ahead to the left. ‘“That’s the Ex- 
periment Station over there,” she says. 

It looks good, you decide. Low brick buildings with a 
lot of ground around them. A high water tower. And 
stretching down toward the road, a golf course. Two 
women in bright cotton dresses are climbing slowly up 
toward a green. 

“Looks like a tough course,” you comment. 

“T don’t know. I don’t play golf,’”’ the driver says. 
“T like to swim, though. There’s a nice pool right up 
there by the clubhouse. You can’t see it from here, it’s 
behind the hill. But you'll see it at noon. I guess. The 
cafeteria is in the clubhouse.” 

You stop at the gate to the station while a guard 
takes your name and gives you a badge. Then you 
drive in and pull up in front of the largest brick building. 
Once inside the gate, the country-club atmosphere 
disappears. You feel more alert. You sense that people 
are at work, seriously, inside here. 

You tell the receptionist you want to see Mr. Moore. 
You follow her down the corridor. Through open doors 
on the right you can see men and girls in white coats or 
rubber aprons working with chemical equipment. The 
air has a sharpness to it. It smells like the laboratory 
back at school. This is more like it, you think. 


POLICIES, BENEFITS 


You get a cordial welcome from Mr. Moore. His 
office reminds you of offices you’d seen at school, too: 
plain, not too large, brown mastic tile on the floor. 
Right away he gives you things to fill out: withholding 
tax forms for state and federal taxes, a questionnaire for 
the personnel department, a contract regarding patent 
rights. 

He gives you a folder which has “Benefits and Serv- 
ices for Hercules Salaried Employes” written on it. 
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This folder will give you a general picture of the plans 
which Hercules has set up for the benefit of employees, 
he explains. Some of them are paid for completely by 
the company—like the regular vacations. Others, like 
the low-cost group life and group accident and sickness 
insurance, are paid for partly by the company and 
partly by you. 

Hercules doesn’t want to be a paternalistic outfit, he 
tells you. It has more respect for its employees than 
that. Hercules pays its men and women as well as 
other companies in the chemical industry, and the op- 
portunities for advancement are excellent because 
Hercules is growing rapidly, he adds. Of course, in the 
last analysis, it’s up to the individual to make the most 
of these opportunities. 

“We all recognize that each of us is working for a 
livelihood and we try, through cooperation, to make the 
work as pleasant and satisfying and productive as pos- 
sible,” he says. 

“T thought every business had its ‘royal family,’” 
you muse out loud. 

‘Hercules doesn’t operate that way,’’ Mr. Moore re- 
plies. You can tell it’s a fact he’s proud of. 

“The top jobs are open to those who merit them,”’ he 
continues. ‘Our board of directors are all working men. 
Each one is an executive of the company. Most of the 
men on the board started as chemists just as you are 
starting now,” he tells you. “Some of the men started 
out as clerks.” 

“Do you ever get to see any of them—the directors, I 
mean?” 

Mr. Moore laughs. ‘You'll be seeing a lot of them. 
I meant it when I said we are one big happy family. 
For instance,” he continues, “we have a men’s club. 
They meet each month, to listen to a speaker, or holda 
picnic or clambake. You'll meet clerks and mailboys 
and vice-presidents, and the president too, for that 
matter. He gets around to the plants and branch 


One of the More Recent Additions to the Experiment Station Is the 
High-Pressure Laboratory 
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The Chemical Library Offers Valuable A t to the Technical 
Personnel of Hercules Central Research Laboratories 





offices, too. So do the other members of the board. 
That’s part of their job.” 

“Sounds all right,” you tell him. “Do they play 
softball or anything at the picnics? I used to play a lot 
at school. . .like to keep my hand in.” 

“They have sports at the picnics,’ Mr. Moore ex- 
plains, “but that isn’t the only place you can get a 
chance to play. The Hercules softball team is part of 
the city industrial league; so is the tennis team. And 


we have regular intramural leagues for golf and bowling. 
You’ll get plenty of exercise. And, if you’re interested 
in dramatics, there’s a Hercules group called the Variety 
Club which could use you. It started right here at the 
Experiment Station.” 


FIRST THINGS FIRST 


“You see,” he goes.on, “Hercules is a practical com- 
pany. It exists to make large-volume chemical ma- 
terials for a great many industries. It knows of course 
that it must make a profit from its operations to con- 
tinue successfully. But it is never so engrossed in 
profit-making that it loses sight of human values. The 
company realizes that its employees—the mature and 
responsible men and women who man its operations— 
together with its stockholders, are the company.” 

‘Well, I guess when you have a democratic atmos- 
phere like that, people aren’t afraid to make their 
opinions known,” you say. 

“That’s right,” he replies. “No one hides in a corner, 
building up a grudge because he doesn’t dare to bring it 
out into the light of day. 

This all sounds pretty ideal, you venture, but doesn’t 
it become impractical? 

“Impractical? If you look at Hercules’ financial 
record you’ll soon see that it’s not. Hercules is widely 
respected in financial circles for its sound financial posi- 
tion. We have an unbroken dividend record,” hé tells 


Is the YOU. 


“One part of Hercules’ policy you'll be particularly 
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interested in is safety,’’ Mr. Moore continues. ‘We 
feel that accidents can be prevented, with care. At 
some time, any laboratory work may contain hazards, 
We insist that workers must not expose themselves un- 
necessarily to hazards. If operating conditions are un- 
safe temporarily, work must be stopped, no matter how 
urgent it may appear. Our safety supervisor will tell 
you more about this when you talk to him later,” he 
adds. 

“About salaries. ..’’ you begin. 

“‘They’re paid on the last full working day of the 
month,” he explains. 

That was what you wanted to know. 

He explains briefly the link between the Research 
Department and the six operating departments. He 
lists the other nonlaboratory divisions of the Experi- 
ment Station: the library, office, maintenance division, 
safety, personnel, photographic, the weekly newspaper 
published for employees, and the employee magazine. 

He asks if you’ve had your physical examination yet. 
You haven’t. 

Mr. Moore checks his watch—it’s close to lunch time. 
He phones his secretary and asks her to make an ap- 
pointment for your physical examination around three. 

“Now let’s go meet Dr. Ivett,”’ he says. 


THE JOB STARTS 


Dr. Ivett’s office is only a few steps away. When 
introductions are over, and you’ve talked a few minutes, 


The Terg-O-Tometer in the Naval Stores Research Laboratory Measures 
Detergency of Various Naval Stores Compounds 
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he reaches for his hat. ‘The most important thing on 
our program right now,”’ he says, “is lunch. So let’s go 
pick up Mr. Shockey—you’ll be working directly with 
him—and head for the cafeteria.” 

Mr. Moore returns to his own office. You leave the 
large building, follow a macadam road through nicely 
landscaped areas, around several small buildings. Off 
to the northwest you can see acres of hilly farmland. 
The more you see this place and hear about its opera- 
tions, the more at home you feel. The lawns and 
scattered buildings almost look like a college campus. 
The work can’t be too different from what you’ve been 
doing in the lab at the university these past few years. 
The library, softball, bowling, the dramatic group, that 
club the men belong to, it all has a familiar ring. Your 
life in the workaday world won’t be as radically altered 
as you feared it would be. 

You reach a building marked 121. You goin. Mr. 
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Shockey sees you and comes over. “Glad to meet 
you,” he smiles, ‘“‘we’ve been expecting you.” 

He and some of the others are ready to go to the 
cafeteria too. You leave together. 


“What do you know about dehydrogenation?” Dr. 


Ivett asks. 

Not much, you tell him. 

“Well, you’ll get a chance to learn a little more about 
it.first hand,” Dr. Ivett replies. ‘You'll be starting off 
with Mr. Shockey working on the dehydrogenation unit 
back there. It’s a good place to start: process de- 
velopment for a new product.” 

You move into the line at the cafeteria. It’s a bright, 
sunny room, noisy with the sounds of people laughing 
and talking together. The food looks good. You have 
a job waiting for you. You realize that you’ve made the 
transition successfully. You’re not a student or a job- 
seeker any more. You’re part of chemical industry. 





* JOSEF GOUBEAU 


JosEF GOUBEAU, eminent physico-inorganic chemist, 
was born at Augsburg, Germany, on March 31, 1901. 
He was trained at the University of Munich, where he 
received his doctorate in 1926. The dissertation on 
fundamental atomic weights was supervised by Otto 
H6nigschmid,! who kept him on as assistant until 1928. 
After a year at the University of Freiburg under E. 
Zintl, Dr. Goubeau in 1929 became assistant to L. 
Birchenbach at the Bergakademie in Clausthal. Be- 
cause of the political circumstances, he did not habili- 
tate as Privatdozent in inorganic and analytical chem- 
istry until 1935. In 1937, Dr. Goubeau became chief 
assistant in the general chemistry laboratory at Gét- 
tingen, where Adolf Windaus? was then head. Dr. 
Goubeau was advanced to assistant and associate pro- 
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RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


fessor of inorganic and analytical chemistry in 1940 and 
1943. At present he is head of the inorganic division 
at Gottingen. 

During the formative period of his professional career, 
he concerned himself chiefly with atomic weight deter- 
minations, intermetallic compounds, and pseudohaio- 
gens. Since 1931, he has devoted much of his research 
activities to the Raman effect. In addition to various 
molecular structures, he has especially investigated the 
analytical application of this effect and has established 
its usefulness by a wide variety of both qualitative and 
quantitative examples. He has also dealt with the 
chemistry of boron, beryllium, and silicon, particularly 
from the standpoint of molecular structure. As an ac- 
knowledged authority, he was invited to contribute the 
chapter “Raman spectral analysis” in Béttger’s ‘‘Physi- 
kalische Methoden der analytischen Chemie.” 
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A SIMPLIFIED LABORATORY EXPERIMENT 


IN PAPER PARTITION CHROMATOGRAPHY 


Ix 1944, Consden, Gordon, and Martin introduced paper 
partition chromatography (1) and opened new avenues 
of research in the fields of chemistry and biology. Ini- 
tially, Martin and his co-workers applied paper partition 
chromatography to the separation and identification of 
the amino acids present in 0.0002 gm. of wool hydrol- 
ysate. In recent years the method has been extended 
to the separation and identification of micro amounts of 
carbohydrates (2), organic acids (3), flavine nucleotides 
(4), plant pigments (6, 6), inorganic ions (7), anti- 
biotices (8, 9), and many other classes of substances. 
The carbohydrate metabolism of micro organisms (10) 
has been studied as well as the amino acid constituents 
of plant (11) and animal (12) tissues. Also, a variety of 
techniques has been developed for the study of metab- 
olism through the incorporation of radioactive ele- 
ments in the substrate and the separation of the meta- 
bolic products by paper partition methods. The 
amount of radioactive material in each of the separated 
products can then be determined (13, 14, 15) with a 
Geiger counter, photographic plate, or other similar 
method by measuring the radioactivity of the individual 
zones of the paper. Two reviews of paper partition 
chromatography have recently appeared (16, 17). 

The significant place which paper partition chroma- 
tography has assumed in widely different fields of 
science recommends the presentation of the subject to 
large groups of undergraduate students. Three of the 
major deterrents to the introduction of most paper par- 
tition methods in the form of a laboratory experiment 
have been: (1), the time required to complete the sep- 
aration of a mixture (usually 18-40 hours); (2), the 
lack of storage space for the large pieces of equipment 
ordinarily involved, and finally (3), the cost of such 
specialized equipment. The method to be presented in 
this paper circumvents the first objection by using 
selected amino acids which may, under appropriate 
conditions, be completely resolved into separate distinct 
zones on the paper chromatogram in the course of 11/2 
to2 hours. The problems of size and cost of the chro- 
matographic chambers have been met by adapting the 
method to short runs in quart milk bottles. This sim- 
plified method has also found considerable use in re- 
search work in this laboratory for exploratory studies 
with new solvent systems and untried combinations of 
materials to be separated by paper chromatography. 


THOMAS B. GAGE, CARL D. DOUGLASS, and 
SIMON H. WENDER 
University of Oklahoma, Norman, Oklahoma 


EXPERIMENTAL 


Materials Required. Whatman No. 1 filter paper 
strips, 2.56 cm. X 26 cm. Wooden clothespins, 4 per 
chamber. Quart milk bottles, 1 per student or, for 
larger classes, 1 per 2 students. Atomizers, 1 per 10 
students. DeVilbis No. 251 or equivalent. Glass rods, 
4mm. X 25mm. Rulers and scissors. Drying oven. 

Reagents Required. Butanol-acetic acid-water. Four 
hundred milliliters of C. P. n-butanol, 100 ml. of glacial 
acetic acid, and 500 ml. of distilled water are mixed in a 
large separatory funnel. The lower layer is discarded. 
The butanol need not be redistilled prior to use if of 
sufficiently good grade. If not distilled, however, slight 
variations in the rate of movement of the amino acids 
may occur. Seventy-five milliliters of the upper layer 
(butanol-rich) is placed in each milk bottle. Eight 
chambers can be prepared from the above amount of 
solvents. 

Amino acid mixture. Prepare 30 ml. of aqueous 
solution containing 10 mg. of glycine, 10 mg. of d,l- 
methionine, and 10 mg. of /-leucine. Place in a dropping 
bottle provided with a medicine dropper. 

Ninhydrin reagent. Prepare a 0.2 per cent (w/v) 
solution of ninhydrin (triketohydrindene hydrate) in 
butanol saturated with water. 

Preparation of the Filter Paper Strips. Lay two 
strips of Whatman No. 1 filter paper, 2.5 cm. X 26 cm., 
on a clean surface, such as a piece of paper toweling, and 
measure off and mark the starting line, 3.5 cm. from one 
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Figure 2 


end of each strip. It is necessary to cut out a portion of 
the filter paper in the region where it will contact the 
neck of the flask in order to prevent curling of the paper 
and consequent touching of the strips. The sections 
to be removed, 1 cm. X 5.5 cm., on each edge of the 
strip, should be measured off and marked when prepar- 
ing the starting line. The cutaway portion lies between 
13.5 cm. and 19.0 cm. from the starting line, as shown 
in Figure 1. The end of the strip nearest the starting 
line is next folded back about one centimeter and two 
slits are cut in the fold near the edges for insertion of a 
glass rod weight, as in Figure 2. (In order to demon- 
strate the techniques involved in the procedure and to 
emphasize the micro amounts of materials to be sep- 
arated, the chemist in the drawings has been reduced in 
size with respect to the equipment and materials.) The 
glass rod is necessary in order to insure that the strips 
will hang vertically in the chamber without touching 
each other or the glass walls. The finished strips should 
resemble the one pictured in Figure 1. 

Spotting the Strips. The technique of placing a small 
volume of solution onto the starting line may be the 
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most difficult part of the chromatographic procedure, 
It is advisable to practice spotting a small square of 
filter paper before attempting to spot the prepared 
strips. A complete drop from the dropper will form too 
large a spot on the strip resulting in still larger zones as 
the amino acids move along the paper during develop- 
ment. In addition, if too large a volume of solution is 
placed on the strip, trailing of each amino acid will occur 
due to the relatively high concentration of materials 
present. A typical dropper furnished with each solution 
delivers about 1/2 ml. per drop while only */2 ml. of 
solution is required. Therefore, one should not attempt 
to spot the strips by allowing drops to fall upon the 
paper. Fill the dropper with the amino acid mixture 
consisting of glycine, methionine, and leucine. Touch 
the tip of the dropper against the neck of the bottle and 
discharge one or two drops of solution by gently squeez- 
ing the rubber tip. When pressure on the rubber tip is 














Figure 4 


released, a small air space will be formed in the open end 
of the dropper. While holding the dropper vertically, 
place the tip on one of the paper strips in the center of 
the starting line and gently squeeze the bulb until the 
solution moves down and contacts the paper (Figure 3). 
The dropper must be removed when the spot of liquid 
formed on the paper reaches a diameter of about 1/2 cm. 
(about.the diameter of a pencil shaft). Only one spot is 
required. Avoid the tendency to place too large an 
amount of solution on the paper strip. After spotting, 
the strip is allowed to dry before placing in the milk 
bottle which will serve as the chromatogram chamber. 
The second strip is not spotted in order to provide a 
control for comparison. Label each strip for future 
identification. 

Chromatographing the Strips. Place the spotted strip 
and control strip in the milk bottle, making sure the 
glass rods used as weights are in place. The boitle 
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Figure 5 


should be previously filled with 75 ml. of the upper layer 
(butanol-rich) of the two-phase system, butanol-acetic 
acid-water (40-10-50 vol. per cent). The end of the 
strip nearest the starting line should dip into the solvent 
toa depth of 1-11/2 cm. The strips should not be al- 
lowed to touch each other or the bottom of the chamber 
(Figure 4). The tops of the strips may be turned down 
over the rim of the bottle in order to hold them in place 
until the stopper can be reinserted. Do not force the 
stopper into place as this often causes buckling or twist- 
ing of the strips. Record the time when the strips are 
inserted in the chamber and determine the time re- 
quired for the solvent to reach the upper end of the 
strip. This should require about 11/2 to 2 hours. The 
solvent boundary can be observed by the difference in 
appearance of the wet and dry portions of the paper 
strips. When the solvent has traveled to within 1 to 2 
cm. of the upper end, remove the strips and immediately 
mark the boundary of the solvent front. If an ultra- 
violet “black” light is available, the location of the 
solvent boundary may be easily observed and marked, 
even after the strips have dried, due to the fluorescence 
of impurities in the paper which move with the solvent 
front. Do not handle the wet portion of the strips as 
false spots may develop after spraying with ninhydrin 
reagent. One may attach clothespins to each end of the 
paper strips to facilitate handling. The strips may be 
suspended from the edge of the desk to dry. 

Spraying the Strips. In order to observe the location 
of the colorless amino acids on the strip, after separation 
by the chromatographic procedure, it is necessary to 
spray the filter paper with some color developing rea- 
gent. A 0.2 per cent (w/v) solution of ninhydrin 
(triketohydrindene hydrate) in butanol saturated with 
water is very effective for this purpose. Hold the strips 
in a vertical position by means of the clothespins and 
spray the entire surface of the paper from the starting 
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line to the boundary of the solvent front with an atom- 
izer containing ninhydrin reagent (Figure 5). The tip of 
the sprayer should be held six to twelve inches from the 
paper strips in order to insure that only a fine mist of 
spray contacts the paper. Avoid prolonged spraying. 
The strip should be visibly damp but excess liquid on 
the strip may cause spreading of the individual zones of 
the amino acids. The control strip should also be 
sprayed for purposes of comparison. Allow the strips to 
dry in the air for a short time before placing in the oven 
at 105°-110°C. for five to ten minutes. After heating, 
the amino acids should appear as lavender or pink zones 
on the spotted strip. 

Calculation of R; Values. Encircle each spot with a 
pencil and mark the center of density. Measure from 
the starting line to the center of each amino acid zone 
and to the forward boundary of the solvent front 
(Figure 6). Calculate the R, values by means of the 
equation: 


Distance traveled by the amino acid (cm.) 


Rs (Rate of flow) = Distance traveled by the solvent (cm.) 





Compare the R, values obtained in the experiment 
with those listed below and identify each spot: glycine: 
0.17; methionine: 0.44; leucine: 0.70. Do not expect 
exact agreement in R, values. Slight variations will 
occur depending upon the amount of each amino acid 
initially placed on the strip, the temperature, and the 
exact composition of the three component solvent sys- 
tem. The length of time the solvent system has been 
prepared before use also influences the R, values due to 
the formation of appreciable amounts of butyl acetate. 


DISCUSSION 


In view of the time limitations imposed by the three- 
hour laboratory period, the initial instruction in the pro- 
cedure and technique may best be presented during the 
preceding laboratory period. Mimeographed copies of 
the experimental directions are passed out at this time 
and the students have an opportunity to become famil- 
iar with the instructions. 












































Figure 6 
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A demonstration experiment may also be carried out 
during the instructional period and the class will thus 
have an opportunity to observe the results before 
leaving the laboratory. For the demonstration, a small 
drop of Skrip washable black ink is spotted on a filter 
paper strip which is then placed in a chromatogram 
chamber containing distilled water. The water travels 
up the paper very rapidly and carries the components 
of the ink drop along. As the ink moves up the paper 
strip, the variously colored materials present (red, blue, 
green, yellow, and lavender) separate into individual 
zones along the way. 

At the start of the following laboratory period the 
students prepare their strips and place them in the 
chromatogram chambers. All solutions to be used 
during this period are prepared prior to the start of the 
laboratory session in order to conserve time. As there 
wili be nearly two hours of free time available while 
the strips are in the chambers, the class continues with 
other suitable assignments. 

Paper chromatography has been successfully included 
in the laboratory instruction of the introductory bio- 
chemistry course at the University of Oklahoma for the 
past two semesters. The experimental directions given 
above have been taken from the laboratory directions in 
use here at the University. In addition to the separa- 
tion of amino acids, students have separated simple 
sugars and flavonoid pigments by the same general 
method described herein. The sugars (glucose and 
rhamnose) are located on the strips by use of an am- 
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moniacal silver nitrate spray. The flavonoid pigments 
(rutin and quercetin) are located by their fluoresceneg 
in ultraviolet light and by means of an alcoholic aly 
minum chloride spray. Other solvents such as phenol 
water and cresol-water may be incorporated to give , 
wider choice of separable mixtures. 
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TWO HISTORIC PREPARATION: 


Frieprich WO6uHLER is generally cred 
ited with being the first to isolate elemen 
tary aluminum (1827) and the first to pre 
pare an organic substance from inorgani( 
sources (urea from NH,CNO in 1828) 
Historic preparations now in the Deutsche 
Museum in Munich were exhibited at th 
St. Louis Exposition in 1903. The hand 
writing on the labels is Wéhler’s own. W 
are indebted to Dr. Ralph E. Oesper fo 
supplying the illustration. 


Photo from the Deutsches Museum, Munich 


Cyanate, 1828; 





Samples from W Chler’s Original Preparations: Urea from A 
Metallic Aluminum, 1827. 
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ol DISTILLATION WITHOUT HEAT 
a In a bulletin by Arthur D. Little, Inc., “Compression Distillation,’ a method is 
described for distillating seawater by compression distillation. Steam from the 
boiling seawater is compressed by about three pounds per square inch. As a re- 
a sult of the compression, this steam condenses to pure water at about 222°F., ten 
ies - es degrees above the temperature at which the raw seawater boils. This tempera- 
\ ae ture differential enables heat from the condensing steam to flow to the seawater and 
— boil it. An efficient heat-exchanger uses heat from the outgoing pure water, and 
rogram the outgoing overflow brine which carries the dissolved salts away in concentrated 
ion form, to heat the incoming seawater almost to boiling temperature. In starting 
rogram the equipment, an auxiliary heater boils the feed and fills the system with steam. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


HISTORY OF THE PACIFIC ASSOCIATION OF CHEMISTRY TEACHERS 


Dr. Orro SmitrH, Chairman of the Committee on 
College Chemistry Teaching of the Division of Chemi- 
cal Education of A. C. S. is to be! credited with the 
original move which has led to establishment of the 
Pacific Southwest Association of Chemistry Teachers. 

At a conference called by Dr. Smith during the 
national A.C. 8. meeting in San Francisco one hundred 
and fifty representatives of the teaching profession from 
California, Oregon, Washington, and Idaho enthusi- 
astically entered into the formation of this organiza- 
tion. A separation was made into Pacific Southwest 
and Northwest groups. L. R. Brantley, chairman of 
the Department of Chemistry of Occidental College, 
was elected temporary Chairman and Miss Valerie 
Phillips temporary secretary of the Pacific Southwest 
Group. A. H. Kunz, Chairman of the Department of 
Chemistry of the University of Oregon, was elected 
temporary chairman of the Northwest Group. As a 
result of the discussions of this meeting, a number of 
policies were formulated, and to Dr. Brantley was 
given the task of preparing a constitution and by-laws 
which were to be presented for adoption at the first 
annual meeting held in conjunction with the Pacific 
Chemical Exposition in November of 1949 in San 
Francisco. The San Francisco groups were entrusted 
with the details of preparing for the annual meeting. 

Throughout the spring, in Los Angeles, meetings 
were held and committees worked on the preparation 
of the constitution. A very gratifying response was 
received from the representatives of about fifteen 
schools, colleges, and universities in and around Los 
Angeles. Representatives were present from Santa 
Barbara College to the west, San Diego State College 
to the south, and The University of Redlands to the east. 

By the beginning of the academic year a tentative 
constitution had been prepared for presentation, and 
the local group had been so enthusiastic as to set up 
local by-laws and plan a meeting. The following 
officers were elected: L. Reed Brantley of Occidental 
College, Chairman; Robert Harper of Los Angeles 
City College, Chairman-elect; W. Roy Newsom of 
Whittier College, Treasurer; and Mrs. Blanche Bob- 
bitt, Supervisor of Science Instruction for the Los 
Angeles City School System, Secretary. 

The local section of the Association took the re- 
sponsibility of planning the Chemical Education Divi- 
sion program of the December meeting of the Southern 
California Section of the American Chemical Society. 

At this meeting a report of the San Francisco Associ- 


ation meeting was made by Dr. Brantley. G. Ross 
Robertson, Professor of Chemistry and Director of 
the Chemical Laboratories at the University of Cali- 
fornia at Los Angeles, spoke on ‘Recent Improve- 
ments in Chemical Laboratory Facilities.”’ 

At San Francisco, at the annual meeting of the 
Association in November, the Constitution was adopted 
and officers elected. Arthur Furst of the University 
of San Francisco was elected the first President of the 
Association, Claude Merzbacher of San Diego State 
College was elected Treasurer, and Miss Valerie Phillips 
of the San Francisco College for Women was elected 
Secretary. The chairmen of the local sections, L. R. 
Brantley for the Southern California Section, and Ben- 
jamin Naylor of San Jose State for the Northern 
California Section, are vice-presidents of the Associa- 
tion. An interesting two-day program (chairmen, G. 
Ross Robertson and Norris W. Rakestraw) had been 
arranged and included panel discussions on the relation- 
ship of college and industry, demonstrations of visual 
aids, talks on UNESCO and the future of chemical 
industry in the West, and various field trips. 

The Association is divided into local sections for 


administrative convenience and to provide programs | 


for each area. The stated purpose of the Association 
is to encourage the development and improvement of 
chemistry instruction at the college level, and the 
qualifications for membership are active participation 
in a college chemistry teaching program or a related 
interest in the field. A subscription to the JouRNAL 
oF CHEMICAL EpucaTION is included in the membership 
fees. The Association will submit reports to THE Jour- 
NAL of programs, meetings, and announcements. 
Enthusiasm shown both at the April and November 
meetings indicated that the organization would fill a 
long-felt need. Now, with a firm foundation of mem- 
bers from a majority of the institutions of the Los 
Angeles and San Francisco sectors, the future holds 
great promise and it is hoped that the membership will 
grow to include all who are eligible, and that the 
organization will justify the efforts of its workers. 
A final word of thanks is due to Messrs. Otto Smith, 
Norris Rakestraw, Arthur Furst, and his San Fran- 
cisco group, G. Ross Robertson, and L. Reed Brantley 
for their part in the organization of this group. 
Applications for membership in the Southern Cali- 
fornia Section of the Association may be addressed to 
the membership chairman: Sister Agnes Ann, Im- 
maculate Heart College, Hollywood, California. 
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1949. 
University Be ag 3 949. Northeastern 

The 253rd meeting of the N.E.A.C.T. was held at 
Northeastern University on December 3 as a joint 
meeting with the Eastern Association of Physics 
Teachers and the New England Biology Teachers 
Association and in conjunction with the meeting of the 
New England Association of Colleges and Secondary 
Schools. 

The meeting was opened by Miss Nancy Mank, 
President of the New England Biology Teachers 
Association, who served as chairman. She intro- 
duced Dr. Arthur A. Vernon, Chairman of the Depart- 
ment of Chemistry, Northeastern University, who 
welcomed members of the three associations. 

The first speaker of the morning session was Clinton 
Bowen of the National Technical Laboratories, New 
York City, whose subject was ‘The Measurement of 
pH.” His illustrated lecture emphasized particularly 
some of the commercial applications and automatic 
control of pH. 

The second paper was presented by George Shannon 
Forbes, Emeritus Professor of Chemistry of Harvard 
§ University, who is now teaching part time at North- 
eastern, being concerned particularly with the training 
of graduate students. His paper on the “Mechanisms 
of Inorganic Reactions” brought out the great com- 
plexity of many seemingly simple reactions, and by 
use of detailed slides in which the various reactions 
were broken down into steps, the reaction rate of each 
step was made evident, and the over-all rate controlling 
step pointed out. 

The third paper of the morning was presented by 
Dr. Harry Freeman of the Worcester Foundation of 
Experimental Biology on the subject, “Biological 
Research,” in which he dealt particularly with recent 
developments in the study of the adrenal cortex hor- 
mone. He reported on the discoveries which have 
been made in applications of the work to an under- 
standing of schizophrenia, of old age, and of arthritis. 

At the business meeting, the Secretary reported for 
the Membership Committee that the following had 
been elected to membership: 


« Members Joining at the Time of the Eleventh 
Summer Conference 


Dr. Arthur R. Davis, Associate Professor of Inorganic Chemistry, 
Massachusetts Institute of Technology, Cambridge, Messa- 
chusetts 

Kenneth P. Bishop, Chemistry Instructor, Dover High School, 
Dover, New Hampshire 


Jerald R. Twitchell, Head of the Science Department, Hebron 
Academy, Hebron, Maine 

Dr. Bruce V. Weidner, Associate Professor of Chemistry, Miama 
University, Oxford, Ohio 

Leonard F. Foley, Teacher of Chemistry, Manchester High 
School, Manchester, New Hampshire 

Theo. L. Lapierre, Head of Science Department, Ashland High 
School, Ashland, New Hampshire 


* Members Joining Since the Summer Conference 


Sister M. Eamon, Chemistry Instructor, Cathedral High School, 
Boston, Massachusetts, and Physical Science Instructor, St. 
Joseph College, Framingham, Massachusetts 

Rev. Alexis A. Babineau, A.A., Teacher of Chemistry, Assump- 
tion High School, Worcester, Massachusetts 

William Belcher, Instructor of Biology, Physics and Chemistry, 
Lancaster High School, Lancaster, New Hampshire 

Arline Cushing, Teacher of Chemistry and Physics, and Assistant 
Principal, Newport High School, Newport, Vermont 

Dr. Ann Dubicke, Instructor of Chemistry, Wellesley College, 
Wellesley, Massachusetts 

C. Jerrold Ingalls, Bulkeley High School, Hartford, Connecticut 

John F. Kelley, Jr., Assistant Professor, Department of Electrical 
Engineering, Chemistry Section, U. 8S. Naval Academy, An- 
napolis, Maryland 

Walter E. Marston, Instructor, of Chemistry, Bradford Durfee 
Technical Institute, Fall River, Massachusetts 

Mary Neal, Chemistry Instructor, Roslindale High School, 
Roslindale, Massachusetts 

Morris M. Oldham, Science Instructor, The Phillips Exeter 
Academy, Exeter, New Hampshire 

Robert J. Pierent, Instructor, Lowell Textile Institute, Lowell, 
Massachusetts 

Dr. John E. Roberts, Assistant Professor of Chemistry, Univer- 
sity of Massachusetts, Amherst, Massachusetts 

Eugene R. Williams, Instructor, Bradford Durfee Technical 
Institute, Fall River, Massachusetts 

Ensign William T, Neville, U.S.N.R., Chemistry Instructor, 
Massachusetts Maritime Academy, Buzzards Bay, Massa- 
chusetts ‘ 

Thomas C. Wales, Chemistry Teacher, St. Mark’s School, 
Southborough, Massachusetts 


The Secretary announced that the number of mem- 
bers who has paid dues up to this time was 432. Ona 
corresponding date last year, 384 members had paid 


dues. The fiscal year was closed with 470 members. 
Since that time eight active members have resigned and 
45 new members have joined, making our probable 
membership 507 as of December 2nd (if all unpaid 
dues are remitted). 

The Treasurer made the following report: 


Balance on hand at close of fiscal year $ 781.21 


Received from dues and contributions 1520.11 $ 268.75 
Expenditures since the beginning of fiscal 
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Professor Robert Eddy of Tufts College, Medford, 
Massachusetts, announced that the Northeastern 
Section of the American Chemical Society is estab- 
lishing a speaker’s bureau. Dr. Eddy said that a 
number of persons have indicated to him their willing- 
ness to speak at various chemical meetings and have 
listed with him subjects on which they are prepared 
to talk. Persons interested in securing speakers may 
contact Dr. Eddy. 

Upon motion it was voted that the Secretary be 
instructed to extend to Northeastern University the 
gratitude of this Association for the hospitality shown 
us. 

The afternoon speaker was Dr. Keith H. Butler 
of the Sylvania Electric Products. Dr. Butler was 
introduced by Theodore C. Sargent, former N.E.A.C.T. 
president. Dr. Butler’s speech outlined “Recent 
Developments in Fluorescence Phosphor Chemistry” 
and was made particularly interesting by the large 
number of demonstrations which he did with various 
types of fluorescent pigments and lamps. 


& Twelfth Annual Summer Conference 


Alfred R. Lincoln, Chairman of the Twelfth Summer 
Conference, announced that the Conference would be 
held at the University of Connecticut, Storrs, Connecti- 
cut, from August 21 to August 26, 1950, inclusive. 
The following will serve as subcommittee chairmen: 


Publicity, Rev. Leo J. Daily, St. Thomas Seminary, Bloomfield, 
Connecticut 

Social, Helen W. Crawley, Walnut Hill School, Natick, Massa- 
chusetts 

Registrar and Treasurer, Ruth H. Ellis, Vassar College, Pough- 
keepsie, New York 

Motion Pictures, John P. Brennan, Somerville High School, 
Somerville, Massachusetts 

Printing and Mailing, Otis E. Alley, Winchester High School, 
Winchester, Massachusetts 

Exhibits, Howard I. Wagner, Laconia High School, Laconia, New 
Hampshire 


Other committee members are: 


Lawrence H. Amundsen, University of Connecticut, Storrs, Con- 
necticut 

Constance M. Bartholomew, Chicopee High School, Chicopee, 
Massachusetts 

Alfred K. Birch, (Needham, Massachusetts), Henry Holt and 
Company, New York City 

William O. Brooks, Technical High School, Springfield, Massa- 
chusetts 

Angelica Courniotes, Western Massachusetts School of Phar- 
macy, Springfield, Massachusetts 

Virginia W. Duval, Catonsville High School, Catonsville, Mary- 
land 
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William F. Ehret, New York University, New York City 

Rev. Bernard A. Fiekers, 8.J., College of the Holy Cross, Worces. 
ter, Massachusetts 

Benjamin R. Graves, South Portland High School, South Port. 
land, Maine 

Donald C. Gregg, University of Vermont, Burlington, Vermont 

Beatrice E. Gushee, University of Connecticut, Storrs, Connecti- 
cut 

Leslie A. Hallock, (Worcester, Massachusetts), W. M. Welch 
Manufacturing Company, Chicago, Illinois 

George D. Hearn, Classical High School, Worcester, Massa- 
chusetts 

Augustus Klock, Fieldston School, New York City 

Eileen P. McGrath, Lincoln School, Providence, Rhode Island 

Edgar A. Moberg, Watertown High School, Watertown, Connec- 
ticut 

Richard G. Ramsdell, North Attleboro High School, North Attle- 
boro, Massachusetts 

Marion L. Stine, Weequahic High School, Newark, New Jersey 

Paul F. Stockwell, Brattleboro High School, Brattleboro, Ver- 
mont 

Carl P. Swinnerton, Pomfret School, Pomfret, Connecticut 

John A, Timm, Simmons College, Boston, Massachusetts 

Francis M. Turner, Reinhold Publishing Corporation, New York 
City 


President Suydam has announced the appointment 
of the following to the Commitiee on Chemical Educa- 
tion: 


James §. Coles, Brown University, Providence, Rhode Island 

Ina Granara, Simmons College, Boston, Massachusetts 

Harold A. Iddles, University of New Hampshire, Durham, New 
Hampshire 

Lorne F. Lea, St. Paul’s School, Concord, New Hampshire 

Albert E. Navez, Newton Junior College and High School, New- 
ton, Massachusetts 

Elsie 8S. Scott, Northfield School for Girls, East Northfield, Massa- 
chusetts . Riggs 

Raymond S. Tobey, Chairman, Girls Latin School, Boston, 
Massachusetts 


The following are members of standing committees 
of the Association: 


Necrology Committee 


Raymond 8. Tobey, Girls Latin School, Boston, Massachusetts. 
Term expires, October, 1950 

S. Walter Hoyt, Belmont, Massachusetts. Term expires, October 
1951 

Eldin V. Lynn, Massachusetts College of Pharmacy, Boston, 
Massachusetts. Term expires, October, 1952. 


Nominating Committee 


Donald C. Gregg, University of Vermont, Burlington, Vermont. 
Term expires, July, 1950 

Millard W. Bosworth, Vermont Academy, Saxtons River, Ver- 
mont. Term expires, July, 1951 

Elizabeth S. Hollister, Williams Memorial Institute, New London, 
Connecticut. Term expires, July 1952 
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8 GENERAL CHEMISTRY 


Harry H. Sisler, The Ohio State University, Calvin A. Vander 
Werf and Arthur W. Davidson, The University of Kansas. The 
Macmillan Company, New York, 1949. x + 870 pp. IIlus- 
trated. 15.5 X 23.5cm. $5 


Tue authors state in the preface that it is their intention to 
present general chemistry in a clear, logical, and interesting 
manner by continuous application of principles to the organiza- 
tion and discussion of descriptive matter. This is well done, 
showing that these authors are experienced in the difficulties 
and requirements of good instruction in general chemistry. They 
have successfully maintained the delicate balance between sound 
pedagogy and scientific integrity, so difficult in an elementary 
text. The problem of how closely such a text should follow the 
frontiers of an advancing science has also been solved in a satis- 
factory way. 

The writer questions the desirability of presenting the ioniza- 
tion potentials and the electronic arrangements of subshells so 
extensively as is done in this book. With regard to the electronic 
arrangements the authors state on page 166: ‘This discussion of 
electron shells and subshells has been presented with no attempt 
to give in detail either the experimental or theoretical basis upon 
which it rests.” In the opinion of the writer, it is not wise to 
confront the beginning student of chemistry with so much mate- 
rial, the basis of which he is not expected to understand. In 
accepting these things on authority he may well develop the 
habit of accepting many other things without making an effort to 
understand them. 

The printing, binding, topography, and arrangement of the 
text are excellent. It is a work that should not be overlooked by 
anyone who has occasion to select a text for a course in general 
chemistry. 

HOSMER W.STONE 


UnIvERSITY OF CALIFORNIA 
Los ANGELES 24, CALIFORNIA 


* KURZES LEHRBUCH DER KOLLOIDCHEMIE 


B. Jirgensons and M. Straumanis, Professors of Chemistry at 
the University of Manchester, England, and the University of 
Missouri, School of Mines, Rolla, Missouri, respectively. J. F. 
Gergmann=Munchen, Springer-Verlag /Berlin, 1949. viii + 282 
pp. 175 illustrations. 17 X 26cm. 21.60 marks. 


In THE preface the authors state that they have endeavored 
to discuss the most important results and problems of modern 
colloid chemistry in as elementary a way as possible. They have 
failed to accomplish this. They also state that they have selected 
the examples of inorganic colloids according to the work of Wo. 
Pauli’s and the organic ones from H. Staudinger’s school. What 
would the founders of German colloid chemistry, men like H. 
Freundlich and Wo. Ostwald, have to say to that? Since the 
book claims to be devoted to modern colloid chemistry, why did 
the authors pay no attention whatsoever to other texts written 
by American, British, Dutch, and French colloid chemists, like 
Hartman, Rideal, Hammaker, Verwey, Bary, just to mention a 
few. 

As proof for my criticism I would like to offer just a few partic- 
arly disturbing facts. Colloid chemistry is not only the chem- 
istry of small particles, but that is the impression the reader must 
get from Chapter I. There is no reference to electrical dispersion 
ts means of producing sols in Chapter II; the reader has to wait 
until he gets to page 178. The chapter on surface tension does 


not even refer to duNouy’s tensiometer or to the pendant drop 
method of Andreas, Hauser, and Tucker. In discussing the 
ultramicroscopes there is no reference to Leitz’ Ultropak instru- 
ment. In discussing stream double refraction reference is made 
only to vanadium pentoxide sols and organic colloids; the authors 
seemingly do not know that colloidal clay sols are far more 
effective in this respect. In discussing the structure of soap 
solutions the name of McBain, who must be considered as the 
pioneer in this field, is not even mentioned. The authors are 
seemingly also not familiar with the fact that electron micro- 
scopic results are not too reliable when studying colloids or they 
would not have spent six pages of the book discussing that instru- 
ment. The explanation offered for the phenomenon of sensitiza- 
tion is contrary to known facts. The statement that colloidal 
protection is based on an excess of a lyophilic colloid deposited 
on the surface of a lyophobic colloid is incomplete. The clay 
mineral, bentonite, will only form thixotropic gels under very 
specific conditions. Besides this, it is confusing to speak of 
thixotropic materials eight pages before the term is explained. 
The explanation offered for the phenomenon of thixotropy is 
absolutely incorrect. Finally, when discussing X-ray diagrams 
of stretched gels, the authors seemingly did not realize that the 
basic contributions were not made by the persons they list in the 
footnote. 

As stated, these are only a few examples picked more or less at 
random, but they should suffice to prove that a book of this type 
will certainly not serve the purpose for which it was intended. 


ERNST A. HAUSER 


Massacuusetts [nstirute or T&CHN 2LOGY 
aND Worcester Po.ytecanic INnstiruTe 
CAMBRIDGE, MassacHUSsETTS 


a MOLECULES AND CRYSTALS IN INORGANIC 
CHEMISTRY 


A. E. van Arkel, University of Leiden, Leiden, Germany. Trans- 
lated by J. C. Swallow. Interscience Publishers, Inc., New York, 
1949. ix+233pp. 45figs. 34tables. 14 X 22cm. $3.85. 


Tuts book is a translation of the third Dutch edition, the first 
edition having been published in 1941. In spite of the rather 
broad scope implied by the title, the topics covered are special in 
nature, the greatest stress being laid on ionic compounds and their 
properties, with undue emphasis given to numerous mathematical 
relationships derived from simplified structural theory. 

It is stated in the preface that ‘this book is intended for stu- 
dents in their first year of science or medicine.” Only a most 
unusual first year student, however, would be able to grasp the 
majority of material without being led through it by a careful 
teacher. Terms and concepts with are familiar only to students 
at the senior or graduate level are introduced abruptly without 
any explanation whatever. For this reason, this book is recom- 
mended only to students who have acquired the background 
equivalent to, at the very least, two years of chemistry and basic 
physics and mathematics. 

Furthermore, since the discussions of the properties of mole- 
cules are based almost entirely on the point of view that all bonds 
are ionic in nature, this book should be used only in conjunction 
with another text/in which the approach is more conventional. 
In the opinion of the translator, “the electrostatic theory can 
only be regarded as an approximation of the general theory, yet 
it clarifies a large part of chemistry.” This may be true, but the 
present reviewer does not feel that any clarification is accom- 
plished by the methods of presentation used in this book. For 
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example, the reader is constantly presented with exceptions to 
and defects in the exclusively heteropolar approach to the proper- 
ties of molecules and crystals, whereas a more unified treatment 
which admits the concept of covalence would aid materially in 
avoiding these confusions. 

The many figures are well drawn, but could be better labeled— 
in most of the drawings of crystal structures there is no identifica- 
tion of the various kinds of atoms present. Very few typo- 
graphical errors seem to have slipped in, although on p. 8, a 
reference to Table V should be changed to Table VI, and on p. 9, 
the element astatine is called astatium. 


JERRY DONOHUE 
Catirornia INSTITUTE OF TECHNOLOGY 
PasaDENA, CALIFORNIA 


® PRINCIPLES OF ORGANIC CHEMISTRY 


John Leo Abernethy, Associate Professor of Chemistry, The 
University of South Carolina, Columbia, South Carolina. W. B. 
Saunders Company, Philadelphia, Pennsylvania, 1949. viii + 
317 pp. 2ltables. 14 X 22cm. $4. 


Tuts book is designed to be used as a working text by students 
enrolled in the conventional one-semester course. The task which 
an author faces in writing such a book is an imposing one; he 
must abbreviate the formal aspects of the subject without simul- 
taneously emasculating it and at the same time must allow room 
for the inclusion of that descriptive material which will retain the 
interest of those students pursuing their major work in biology, 
bacteriology, home economics, dentistry, and veterinary medi- 
cine. One does not rely exclusively on a text for the maintenance 
of interest to be sure, but a text still fills an important need of the 
American undergraduate student. At the present time fewer 


than five texts designed to be used in a one-semester course are 
available. : 
Professor Abernethy employs the conventional approach to the 


subject. Sixteen chapters are devoted to the aliphatic series, two 
to aromatic compounds, and one chapter each to heterocyclic 
compounds, dyes, the Grignard reaction, and oxidation-reduction 
reactions. Proper emphasis is given to nomenclature. Equations 
involving structural formulas are used lavishly and a number of 
illustrations are included. A number of problems for home as- 
signment are given in each chapter. 

As with all textbooks it is an easy matter to find portions of the 
presentation which do not meet with the approval of the critic. 
Your reviewer believes, however, that a sound evaluation of a new 
text can come only after the book has been used in actual class- 
room work. Our examination of this new text leads us to conclude 
that its use is well worth a trial. 


EDWARD R. ATKINSON 


University or New Hampshire 
Duruam, New HamMpsHIRE 


& LECTURE EXPERIMENTS IN CHEMISTRY 


G. Fowles, Latymer Upper School, London. The Blakiston Com- 
pany, Philadelphia. Third edition with supplement, 1947. xvi + 
6l2 pp. 158figs. 14X 22cm. $7. 


Exceptine for the following experiments, the first 556 pages 
(547 experiments) of edition 3 are identical with edition 2 (J. 
Cuem. Epuc., 14, 550 (1937)). Page 90 describes filling a rubber 
balloon from foot-bellows previously filled with hydrogen. 
Page 182, detecting the decomposition of ammonia passed over 
hot, CuO by counting the bubbles arising in water. Page 242, 
hydrogen peroxide reducing lead dioxide plus nitric acid. Page 
298, phosphine formed by adding yellow phosphorus to zinc in 
sulfuric acid. Page 409, a note on the distinctive color of gas 
cylinders, wherein we learn that oxygen tanks in England are 
black, not green. Page 453, preparation of silica gel. Page 493, 
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the Weimarn method for making colloidal sulfur by dissolving 
sulfur in hot alcohol, and pouring into excess water. Pages 
494-6, experiments with iron oxide supported on silica gel. The 
gel is made by stirring 1 volume of 2 N water glass into 2 volumes 
of 1 N H,SO,, then adding 1 volume of 1 molar FeSQ, as the gel 
forms. This is used to catalyze SO, + O2; and, after that, CO + 
steam — H; + CO,, illustrating the removal of CO from pro- 
ducer and water gas in the ammonia synthesis. Also, steam 
passed over red-hot wood charcoal gives CO + Hz: which will 
darken ammoniacal silver nitrate, or form H.S upon being passed 
through sulfur. 

Pages 558-604 contain “a supplement of some sixty experi- 
ments most of which deal with more advanced work.” The 
titles of the experiments follow. CO + O: over hopcalite. A 
wet asbestos plug for generating steam to be passed over (a) iron 
or (b) charcoaJ]. An asbestos plug moistened with concentrated 
H.SO, or HNO;, the heated acids passed over pumice which de- 
composes them to give oxygen. Reduction of KMnQ, by cold 
alkali gives green K2MnQ,; by warm alkali gives brown Mn0,; 
by cold acid gives white Mn(OH).. HNO; reduced with zine 
plus sulfuric acid to hydroxylamine. Action of permanganate, 
dichromate, and ferric ion on HI, HBr, and HCl. Action of 
0.5 N KCl and KI with 4 N HNO;, 8 N HNO,, and acidified 
NaNO, to compare oxidizing action of the halogens. Flotation 
experiments with sand, red lead, oil, and water; also, with copper 
powder, sand, acidified water, and cottonseed oil containing a 
little kerosene. Hydrolysis of PbCl; and of borax + AgNO). 
The Mattuck electrolytic cell. Action of marble with HC! in 
water and in toluene. Electroplating of Ni and Cr. Osmotic 
pressure thimble using gelatin supported on a porous pot. Phenol 
acting as a semipermeable membrane between water and a 
concentrated Ca(NO;)2 solution. Methyl violet with oxalic, 
tartaric, acetic, and hydrochloric acid solutions. Color changes 
upon diluting weakly acid solutions containing methyl violet, 
phenolphthalein, and methyl orange. The green ethyl] tetra- 
borate flame test. The Marsh and the Gutzeit tests for arsenic. 
The preparation of KBrO;, of KIO;, and of HC]O. Gas-volume 
ratios by counting bubbles. Methods for cleaning mercury with 
(a) acid permanganate, (b) aqueous mercurous nitrate. An- 
hydrite desiccant. The diffusion of Bre from an aqueous to a 
nonaqueous solvent. H:+ I: over platinized asbestos. 

Time reactions include (a) the influence of dilution on the de- 
composition of thiosulfuric acid, and on the iodine clock reac- 
tion, (b) the effect of temperature on the thermolysis of NH,NO,, 
and the oxidation of HI. Heat of solution’of HCl and of NaNO:. 
Shifting the N,O, <—> 2NO, equilibrium by changing pressure. 
The common ion effect for (a) silver acetate, (b) salt precipitated 
from saturated solution, (c) cadmium sulfide. Formation of the 
most insoluble phase; of the most unionized phase. Fifteen 
reactions encountered in routine qualitative sulfide analysis. 
Partition of Br, between water and a nonaqueous solvent; the 
immiscibility of ether and brine; ether extraction of methy] red 
from water. 

The above list covers all titles of the new experiments in this 
third edition. Teachers who already own the second edition may 
either work out the details suggested in the above titles, or ac- 
quire a new edition. All other teachers of general chemistry 
cannot afford to be without this valuable guide. 


HUBERT N,. ALYEA 
PRINCETON UNIVERSITY 
Princeton, New Jersey 


* INTRODUCTION TO STATISTICAL MECHANICS 


G. S. Rushbrooke, Senior Lecturer in Theoretical Physics in the 
University of Oxford, England. Oxford University Press, Amen 
House, London, England, 1949. xiii + 334 pp. 47 figs. ll 
tables. 14 X 23cm. $5.50. 


Tue author explicitly restricts himself to equilibrium theory. 
He excludes reaction rate theory from consideration because it 
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“ig still very much in process of development.” He develops 
the three statistical methods based on the microcanonical en- 
semble, canonical ensemble, and grand-canonical ensemble. 
His statistical treatment is based on quantized energy levels and 
on the assumption that each unique state of a system has the 
same @ priori probability as does any other state of equal energy. 
The theory for systems obeying classical mechanics is then ob- 
tained as an extension of the results for quaatized systems. 
Liouville’s theorems are by passed along with the usual con- 
siderations of the ergodic hypothesis. —Thermodynamic relations 
are in part taken for granted with justification appearing, however, 
in appendixes. 

Rushbrooke illustrates his theoretical development with rela- 
tively few examples but these are well done. The treatment of 
specific heats of gases and the properties of certain types of liquid 
solutions are interestingly carried through. - 

This is a good beginning book in statistical mechanics which 
leaves much out but does well the part which is treated. It 
should prove interesting to a wide circle of readers. 


HENRY EYRING 
University or Uta 
Satt Laxe Crry, Uta 


* INORGANIC QUANTITATIVE ANALYSIS 


Carroll Wardlaw Griffin, Professor of Chemistry, Vassar 
College, Poughkeepsie, New York. The Blakiston Company, 
Philadelphia, Pennsylvania, 1949. xiv + 368 pp. 43 figs. 
25 tables. 15 X 23cm. $4.50. 


Tuts textbook has been written for a one-year course in quanti- 
tative analysis including the usual theory and laboratory work. 
The principal sections are: General Operations; Accuracy 
Precision, Errors; Balance; Volumetric Apparatus; Acidimetry; 
Oxidation-Reduction; Gravimetric Analysis; Volumetric Pre- 
cipitation Methods; Potentiometric Titrations; Electroanalysis; 
and Colorimetry. 

The chief virtue of this book lies in its conversational style 
which should appeal especially to the slower student who has 
difficulty in working out the development of ideas by himself. 
At the same time, this conversational style is also the chief fault of 
this book. At times the more important and less important ideas 
are not easily distinguished which is likely to make studying, es- 
pecially reviewing, difficult. 

Some important points are omitted or relegated to notes in the 
experimental procedures: A discussion of displacement titra- 
tions, such as the titration of NaCN with a strong acid is omitted. 
Principles of gravimetric separations are not discussed in detail. 
The influence of acidity or complexing on oxidation potentials is 
mentioned only briefly in a few procedures. 

Inasmuch as the majority of physical chemistry textbooks use 
the Lewis convention of signs for the oxidation-reduction poten- 
tials, it is to be regretted that not more textbooks in quantitative 
analysis follow the same convention. Unfortunately this book 
also uses the convention which assigns the more positive potential 
to the stronger oxidizing agent. ¢ 

Students are likely to be confused by the variety of terms ap- 
plied for “oxidation number;” “valence,” ‘valence number,” 
“oxidation number,” “oxidation state,”’ and ‘‘charge” are used in- 
terchangeably even in the same sentence (pp. 153, 154, and 155). 
The rules for balancing equations by oxidation numbers are not 
given. On p. 165 the statement that ‘since Zn° is a solid its con- 
centration is constant” is indeed misleading. On p. 185 the re- 
duced form of diphenylamine sulfonate is said to be green in color, 
which is likely to puzzle students since the indicator solution is 
colorless. A discussion of the irreversible oxidation of diphenyla- 
mine to diphenylbenzidine which then becomes the reduced form 
of the reversible indicator would clarify this situation. On p. 188 
a calcium chloride tube charged with a desiccant is recommended 
to protect the standard permanganate solution in a syphon bottle; 
this reviewer can see reason for a dust filter, but certainly not for a 
desiccant. In the discussion of permanganate methods for the 
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determination of iron in iron ore on p. 187 the statement is made 
that ‘‘in cases where hydrochloric acid has been employed to bring 
a sample into solution, the solution must be evaporated with 
sulfuric acid in order to expel the hydrochloric acid before titrat- 
ing with permanganate,” yet the Zimmermann-Reinhardt method 
is given on p. 191 which makes removal of hydrochloric acid un- 
necessary. On p. 194 one of the chief advantages of silver re- 
ductors over Jones’ reductors is omitted, namely, the possibility 
of using hydrochloric acid solutions. This reviewer fails to see 
why the author concludes on p. 224 that the formation of precipi- 
tates in gravimetric analysis constitutes an “irreversible chemical 
reaction.” On p. 275 Brunck is the only name mentioned in con- 
nection with dimethylglyoxime as precipitant for nickel even 
though Tschugaeff published his work in 1905, two years earlier 
than Brunck (1907). 

Numerous problems are given at the end of most chapters and 
they appear to be carefully selected and well-worded. In the 
earlier sections up to acidimetry many sample problems are 
worked out in great detail, in fact, this reviewer feels that there 
are too few problems which necessitate more than recognition of 
the ‘“‘type’’ and substitution. This criticism is not valid for sec- 
tions beyond acidimetry. 

Numerous drawings and graphs are scattered throughout the 
book. In the case of illustrations of laboratory equipment the 
equipment dealers who supplied the cuts have been credited, but 
the manufacturers have not been mentioned. Five-place loga- 
rithm tabies (without interpolation tables) and tables of ionization 
constants, solubility products, formula weights, and specific 
gravities of acids and ammonia are given in an appendix. 

The book appears to be free from typographical errors. The 
printing is wel! done presenting a pleasant appearance even of 
pages filled with formulas. The binding appears to be sturdy. 

On the whole this book does not offer much that is novel. The 
chief deviation from customary treatment consists of placing the 
section on volumetric precipitation methods following those on 
gravimetric analysis even though other volumetric methods are 
discussed before gravimetric methods. The author should be ap- 
plauded for choosing this order since it avoids duplication in dis- 
cussing theory of precipitations. 


ARNO HEYN 
Boston UNIVERSITY 
Boston, MAssaCHUSETTS 


* THE PRACTICE OF RESEARCH IN THE CHEMICAL 
INDUSTRIES 


R. H. Griffith, Senior Research Chemist, North Thames Gas 
Board, London, England. Oxford University Press, London, 
England, 1949. vii +184pp. 14 X 22cm. $3.25. 


Written by an administrator who is also an authority on 
contact catalysis, this book reflects the English gcene in research 
at a time when the pound has tumbled on one side of the Atlantic 
and the industrial laboratory has risen to unprecedented heights 
on the other. It is compounded of a mass of fact and detail evi- 
dently gathered from personal experience and of opinions culled 
from speeches, Nature editorials and American writings. Sir 
Henry Tizard and Dr. Mees are the authorities most often quoted. 
The contents cover everything to do with research, packed into 
170 closely printed pages. Beginning with an estimate of the cost 
of doing research, the distribution between the various functions 
of the laboratory will strike the reader as suitable, but the totals 
fall short by a decimal point of the expenditures to which we are 
now becoming accustomed. The next chapters show that Dr. 
Griffith places the selection and quality of the staff in greater es- 
teem than the physical design of the laboratory; with which we 
can heartily concur. The space devoted to laboratory construc- 
tion looms unduly large, and one is both astounded and delighted 
with such injunctions as...‘‘moveable platforms about 3 feet 
square with steps and hand rail are of general value...” Con- 
siderable emphasis is placed on the costing of research and the 
assessments of probable profits, direct and hidden, for presenta- 
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tion to the board of directors. The casual reader would gather 
that research is paying beyond dreams of the average investor, 
and the dismal fact would be missed that much industrial research 
is little more than a tax en production, regrettably required to 
keep the concern in business. 

It seems to this reviewer that the great problems associated 
with industrial research today are not in the starting and stocking 
of laboratories but they arise with maturity and continued prolif- 
eration. Directing research, managing research and a research 
laboratory, and managing (which is to say, placating and re- 
straining from mayhem) the business heirarchy that owns the 
laboratory—are widely separated matters, and it is appreciation 
of and competance with these that lead to success. It is to be 
hoped that Dr. Griffith will elaborate this theme in the next edi- 
tion. 

The book is too detailed for the tyro and not seriously needed 
by the established leader, but it will be read by the latter for the 
pleasure of comparing notes and by the aspiring laboratory man- 
ager for guidance. We recommend the book highly to American 
industrialists on its merits and because it is one of the few mes- 
sages that has come to them from outside. 


K. HICKMAN 
56 THackerRAy Roap 
Rocuester, New York 


ea PHYSICAL METHODS OF ORGANIC CHEMISTRY 


Edited by Arnold Weissberger, Research Laboratories, Eastman 
Kodak Company, Rochester, New York. Interscience Publishers, 
Inc., New York, 1949. xii + 1072 pp. Numerous figures and 
tables. 15 X 23cm. $12.50. 


IN THE second edition of Volume I of this series of seven 
planned volumes, five new chapters have been added of which four 
appear in Part I. (For review, see Tus JouRNAL 24, 51 (1947).) 
These chapters bear the titles: Temperature Measurement, 
Temperature Control, Determination of Vapor Pressure, and 
Determinations with the Ultracentrifuge. These chapters were 
added to “provide a more homogeneous and complete presenta- 
tion of the field than the first edition.’”” They are thorough and 
well done. 

In the chapters rewritten for the second edition (three) the 
general idea has been to bring the discussion of methods and ap- 
paratus into the book rather than just to give references where the 
discussion might be found. The reader, then, can often make 
some decision on type of apparatus or method of approach to use 
in a particular problem without extensive reference to an original 
source. These chapters are much more useful in the second 
edition for that reason. 

A guide for the selection of methods has been added to some 
chapters which did not have it in the first edition. 

The principal additions to the chapters appearing in the 
first edition follow: 


III Melting and Freezing Temperatures. Sections on 
steric relationships from freezing point curves and 
relation of melting points and molecular constitution. 
IV _ Boiling and Condensation Temperatures. More draw- 

ings of apparatus and more pieces of apparatus dis- 
cussed. 
VI Density. Use of density for isotope analysis. 

Solubility. A few new references added and one page 
of text. 

Viscosity. References to viscometers given in the first 
edition are described in some detail here. The chap- 
ter has 28 pages compared to 14 in the first edition. 

Surface and Interfacial Tension. Pendant drop 
method added. A discussion of Sugden’s Mum- 
ford and Phillips’, and Gibling’s systems for cal- 
culating parachor added. 

Properties of Monolayers and Duplex Films. Dis- 
cussion of determination of surface area of solids 
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expanded (Brunauer, Emmett, Teller and Harkins 
Jura). : 

Osmotic Pressure. Ten pages added on membranes, 
Thorough discussion of osmometers (8 types using 
solid membranes and 4 gaseous membranes). The 
chapter has 64 pages compared to 24. 

Diffusivity. Twelve methods of free diffusion and 5 
diffusion cells described in considerable detail. The 
chapter has 70 pages compared to 34. 

Calorimetry. Essentially none. 

Microscopy. Section on electron microscope added— 
10 pages. Discussion of general microscopy (20 
pages) not in first edition. 

Crystal Forms. Only small section on symmetry 
rewritten. 

Crystallographical Analysis. 


«XV 


XVI 


XVII None. 


LEALLYN B. CLAPP 


UNtversity or WIsconsIN 
Mapison, Wisconsin 


* ORGANIC REACTIONS, VOLUME V 


Roger Adams, Head of Department of Chemistry, University of 
Illinois, Editor-in-Chief. 13 collaborators. John Wiley & Sons, 
Inc., New York, 1949. viii+ 446 pp. 64tables. 15.5 x 235 
cm. - $6. 


Vo.tuMmE Five of this series contains the following ten chapters: 
The Synthesis of Acetylenes, by Jacobs; Cyanoethylation, by 
Bruson; The Diels-Alder Reaction: Quinones and Other Cyclenones, 
by Butz and Rytina; Preparation of Aromatic Fluorine Compounds 
from Diazonium Fluoborates: the Schiemann Reaction, by Roe; 
The Friedel and Crafts Reaction With Aliphatic Dibasic Acid An- 
hydrides, by Berliner; the Gattermann-Koch Reaction, by 
Crounse; The Leuckart Reaction, by Moore; Selenium Dioxide 
Oxidation, by Rabjohn; The Hoesch Synthesis, by Spoerri and 
DuBois; and The Darzens Glycidic Ester Condensation, by New- 
man and Magerlein. 

This series of invaluable books is concerned with the scope and 
limitations of organic reactions. The editors and authors are to 
be congratulated on holding to a high level of quality. The books 
have now become standard “equipment” for those interested in 
reactions of organic chemisiry. 


HENRY GILMAN 
Iowa State CoLLeGEe 
Ames, Iowa 


& INTRODUCTION TO STATISTICAL MECHANICS 


Ronald W. Gurney, Visiting Professor of Physics, Johns Hopkins 
University, Baltimore, Maryland. McGraw-Hill Book Company, 


Inc., 1949. vii + 268 pp. 59 figs. 
$5. 


Tue problem of finding a book which can be used as a text for 
the teaching of statistical mechanics to graduate students in 
chemistry having the usual average preparation in mathematics is 
one which most teachers of the subject will probably agree in con- 
sidering as unsolved. The treatises of Tolman, Fowler, Fowler 
and Guggenheim, Mayer and Mayer are too advanced for most 
students of physical chemistry. Tolman’s book of 1927 and 
Rice’s book of 1930, both of which were accessible to, and indeed 
written for, such students are now out of date. Ubbelohde’s 
small opus of 1937 and the chapters on statistical mechanics in 
Glasstone’s ‘‘Theoretical Chemistry’’ of 1944 are helpful but they 
cannot serve as texts for a complete course on the subject. The 
situation is similar with the few books on statistical mechanics 
published in languages other than English. 

The objective of Gurney’s book is to show that the “‘widespread 
belief that statistical mechanics is necessarily a difficult and ab- 
struse subject that cannot be presented in a form attractive to the 


14 tables. 16 X 23 cm. 
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experimentalist... is mistaken.’”” Gurney deserves a great deal 
of credit for having undertaken such a task and the result of his 
effort is certainly a most interesting pedagogical contribution. 
Whether it is an entirely successful one will be determined largely 
by the response of students. 

After a one-page preface the author presents in the first seven 
chapters the working methods of statistical mechanics without 
delving too much into fundamentals. The quantized viewpoint is 
introduced at the start in a particularly clear manner and the 
figures of Chapter 1 are very helpful (note, however, an unfor- 
tunate misprint in portion a of Figure 3). The reasoning moves 
rapidly toward the distribution laws, the partition function, etc. 
By the end of what is really Part I of the book (the first seven 
chapters) not only have most of the useful theoretical formulas 
been established but a certain number of important applications 
have been treated (particularly in Chapter 7 which contains even 
netallurgical applications). Chapters 8 to 12 might have been 
regarded as forming Part II. Here the theory is gone into more 
deeply, with discussions of the phase space, of quantum statistics, 
etc., being presented. This second part also contains many im- 
portant applications including some very recent developments. 

A few problems (sometimes only one) are given at the end of 
each chapter. There is an appendix including three notes on 
mathematical points and three tables of numerical information, a 
name index and a subject index. 

This book may very materially contribute to the wider knowl- 
edge of statistical mechanics and of its connections with chemical 
thermodynamics which is urgently needed among physical chem- 
ists. 


A PIERRE VAN RYSSELBERGHE 
University or OREGON 
Evucene, OrEGoN 


€ INDUSTRIAL HYGIENE AND TOXICOLOGY, 
VOLUME II 


Edited by Frank A. Patty, Director, Industrial Hygiene Service, 
General Motors Corporation, Detroit. Interscience Publishers, 
New York, 1949. xxviii + 603 pp. 164 tables. 17 X 25 cm. 
$15. 


Tuts book is designed to present the topic of industrial hygiene 
and toxicology in sufficient detail to be useful to all persons in- 
terested in safeguarding the health and welfare of working people 
by controlling their working environment. Seven chapters are 
devoted to inorganic industrial poisons, an entire chapter being 
given to lead, and twelve chapters, divided into the customary 
functional groups of aliphatic, aromatic, cyclic, and halogenated 
hydrocarbons; alcohols; acids, esters; ketones; ethers and 
glycols; aliphatic and aromatic nitro compounds; and phenolic 
compounds, are devoted to organic industrial hazards. 

In general, each element, compound, group of compounds, or 
atmospheric contaminant is discussed from the points of view of 
uses and industrial exposures; physical and chemical properties, 
often giving constants not commonly found in the literature; 
physiological response for both acute and chronic effects and for 
different animals at times given in tabular form; absorption and 
excretion; maximum permissible limits and odor and warning 
properties; and inflammability. Almost no analytical methods 
are detailed but there are many references to the literature and a 
very useful bit of information detailed for many compounds is the 
relationship of 1 mg./1. of the compound converted to parts of the 
compound per million parts of air and mg. per cu. m. at 25°C. and 
760 mm. 

In the last chapter of 65 pages the recognition and control of 
potential industrial exposures is considered. Some 70 industrial 
processes are covered with particular stress on battery manu- 
facture, foundry operations, and metal-cleaning processes. 

Proof has been carefully read. The book is well printed on a 
page size somewhat larger than usual, 17 X 25 cm. Tiere are 
over 1500 references, 126 devoted to the halogen compounds, 423 
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to the metals other than lead, 247 to alcohols, and 214 to phenols 
and phenolic compounds. 

It would be best if in the next edition or reprint the impression 
that carbon dioxide is a simple asphyxiant be amended. Carbon 
dioxide is a toxic gas in high concentrations for it paralyzes the 
respiratory center. 

The chemist and chemical engineer will find this book of value 
for his work in the fields of industrial hygiene and toxicology. 


MORRIS B. JACOBS 


Brooxtrn, New York 


* INTRODUCTION TO THE DIFFERENTIAL EQUATIONS 
OF PHYSICS 


L. Hop#, Professor at the Aachen Institute of Technology, trans- 

lated by Walter Nef, Professor at the University of Fribourg. 

on Publications, 1948. v +154 pp. 48 figs. 17 X ll cm. 
1.95. 


Tuts little book, according to the information on its jacket, 
“does not presuppose any mathematical background beyond 
element’ y calculus and is, therefore, particularly well suited 
for self-s ady.”” With this statement the reviewer does not agree. 
The fun ..mental concepts of vector calculus and vector analysis 
are deve) »ed in such concentrated doses that, in the opinion of 
the revie: »r, they could not be mastered without considerable 
outside h:.! > by a student who has had but one year of calculus. 
Howeve is: does recommend the book with no reservations to 
physics majors in their third and fourth undergraduate years and 
to graduate students in physical chemistry for its excellent anal- 
ysis of the power and also of the limitations of the application 
of this branch of mathematics to the fundamental problems of 
mechanics. 


JOHN A. TIMM 
Smumons CoLLeGe 
Boston, MAsSsacHUSETTS 


* GAS TABLES 


Joseph H. Keenan, Professor of Mechanical Engineering, and 
Joseph Kaye, Assistant Professor of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachu- 
setts. John Wiley & Sons, Inc., New York, 1948. x + 238 pp. 
64 tables. 19 X 26 cm. $5. 


Tuts volume supersedes a previous one by the same authors, 
entitled ‘‘Thermodynamic Properties of Air.’”’ The properties 
of air have been recalculated. Tables have been added of the 
properties of the products of combustion of hydrocarbons and of 
the properties of the constituent gases. Greatly extended tables 
of functions which are useful in the analysis 6f the flow of com- 
pressible fluids have been included. 

The values of thermodynamic properties are based upon the 
recommendations of Rossini and his co-workers, published by the 
National Bureau of Standards. The ideal gas equation of state, 
making possible a one parameter tabulation of the properties as 
functions of the temperature, is employed throughout the book. 
All of the tabulated quantities are expressed in the English system 
of units. The aerodynamic functions are based upon the equa- 
tion for polytropic expansion and are expressed for a range of 
values of the expansion index. 

The amount of useful information contained in this book is 
imposing, and its compilation is evidently the result of an im- 
pressive amount of labor. Unfortunately, the tables of the 
thermodynamic properties of air and of the products of combus- 
tion of hydrocarbons take no account of dissociation equilibria, 
but assume constant composition for the entire temperature 
range. This assumption begins to fail at temperatures of the 
order of 1500°F., and the tabulated values are seriously in error 
at the highest temperatures of the table. Since the dissociations 
are pressure-dependent, the enthalpy at the higher temperatures 
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becomes pressure-dependent, even with the assumption of the 
ideal gas equation of state. It is to be regretted that the con- 
sequences of the assumption of constant composition have not 
been fully discussed by the authors. The working engineer will 
be unable to estimate the errors introduced by the failure of the 
tables to allow for physical reality, and, as a consequence, the 
utility of the tables will be severely limited for computation at the 
higher temperatures. 

Workers in the fields of combustion and aerodynamics of com- 
pressible fluids will find a large number of very useful tabula- 
tions assembled in this volume. 


STUART R. BRINKLEY, JR. 
Bureau or Mines 
PirrspurGH, PENNSYLVANIA 


» CRYSTAL AND X-RAYS 


K. Lonsdale, Reader in Crystallography in the Chemistry De- 
partment of University College, London, England. D. Van 
Nostrand Company, Inc., New York, 1949. viii + 199 pp. 138 
figs. 7 tables. 14 X 22 cm. $3.75. 


Tue aim of the author of this excellent book may well be put 
in her own words: ‘This is not a textbook for advanced students 
of X-ray crystallography, although I hope that they may learn 
something from it. It is based on a course of public lectures. . . 
and is designed to interest those who do not now use X-ray 
crystallography, but who might well do so; and to instruct 
those who do use X-ray crystallographic methods without al- 
together understanding the tool that has been put into their 
hands.... In giving an account of any modern branch of Science 
it is necessary to assume some previous knowledge.... I shall 
assume that the reader has a general idea of the rudiments of 
physics and chemistry. Many people who know a great deal 
about these and other subjects, however, do not fully realize the 
value of X-ray crystallography as a tool; not merely an in- 
dustrial tool, but a tool by means of which other sciences may be 
better understood.” 

It is difficult to explain clearly and interestingly the methods 
possibilities, and limitations of a technique which necessarily 
involves a considerable amount of complex terminology and 
specialized knowledge, with which most readers are sure to be 
unfamiliar. In the reviewer’s opinion, however, the author 
has accomplished this task very well, without sacrificing accuracy. 
Being one of those who have contributed most to the advance- 
ments of X-ray diffraction methods, her statements are authori- 
tative. 

It is well known that X-ray diffraction studies, when made by 
competent research workers, can lead to the accurate determina- 
tion of the arrangements of atoms and molecules in many crys- 
tals. Dr. Lonsdale explains in some detail how this is accom- 
plished. She also deals with some of the many ways in which the 
results of such studies have been applied to the extension of 
knowledge and understanding in other fields: interatomic and 
intermolecular forces, resonance, hydrogen bonds, coordination 
compounds, the inorganic chemistry of the silicates, etc. An 
interesting recent example is the determination by X-ray crys- 
tallographers (before the organic chemists) of the arrangement 
of the atoms in penicillin salts. 

X-ray diffraction applications to problems other than crystal 
structure analysis are also treated, rather sketchily, but in such 
a way as to give the reader some understanding of what has 
been done and some feeling for what can reasonably be con- 
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sidered possible by present techniques. The author deals, for 
example, with regularity and irregularity in fibers and alloys, 
thermal motions of atoms in crystals, the peculiar specific heat 
and dielectric constant behavior of certain substances, phase 
equilibria in metals and alloys, and identification of crystalline 
substances by powder diffraction ‘‘finger prints.” 

The reviewer is glad to recommend “Crystals and X-Rays” 
to anyone having a basic knowledge of chemistry and physics, 
who wishes to obtain an understanding of the methods, accom- 
plishments, and potentialities of X-ray diffraction. 


MAURICE L. HUGGINS 
Kopaxk Reszarcu LABORATORIES 
Rocuzster, New Yorre 


# PRACTICAL SPECTROSCOPY 


George R. Harrison, Professor of Physics, Richard C. Lord, 
Associate Professor of Chemistry, and John R. Loofbourow, 
Professor of Biophysics, Massachusetts Institute of Technology. 
Prentice-Hall, Inc., New York, 1948. xiv + 605 pp. 251 figs. 
42 tables. 14 X 21 cm. $6.65. 


In Tuts excellent book the authors have assembled a wealth 
of practical knowledge on most of the branches of spectroscopy. 
Comprehensive in scope, the book surveys the fields of ultra- 
violet and visible emission spectroscopy, infrared, Raman, 
vacuum ultraviolet, and absorption spectrophotometry. One 
particularly interesting chapter is devoted to interferometry. 
Throughout, the style is descriptive and nonmathematical. 

Photographic photometry is discussed authoritatively, along 
with photoelectric and radiometric methods for the measurement 
of spectrum line intensities. The design principles, use, and 
care of both prism and grating instruments are presented in 
adequate detail. In two chapters the fundamental concepts 
of spectroscopic notation, and the origin of atomic and molec- 
ular spectra are given. It is probably too much to expect that a 
thorough understanding of quantum numbers and selection 
rules can be had without supplementing these chapters with 
readings from texts devoted more completely to atomic and 
molecular structure. 

A few minor errors mar this otherwise outstanding contribu- 
tion to the literature of spectroscopy. On page 115 reference 
to one of three grating axes is incorrectly given. The statement 
which appears on page 438, “Carbons of */1. inch diameter... 
may be bored out with a 4/,-inch drill...” is evidently a typo- 
graphical error. More serious is the statement on page 444 in 
discussion of the Carrier-Distillation Method for the deter- 
mination of impurities in refractory samples. Contrary to the 
text, the sample is not converted chemically to a form having 
high volatility. It is important that the volatility of the sample 
matrix be quite low, in order that the impurities’ spectrum 
appear with as little superposition of the spectrum of the base 
material as possible. 

Numerous photographs and line drawings supplement the 
text and greatly aid in its understanding. A few of the photo- 
graphs of spectra are quite small, and have suffered in renroduc- 
tion so much as to impair their usefulness. 

Analytical chemists, experimental physicists, and astronomers 
alike should find much in this volume of value. 


NORMAN H. NACHTRIEB 
University or Caicaco 
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Ons wonders what would be the result if everyone followed the suggestion made 
by Linus Pauling recently, at the meeting reported elsewhere in this issue (page 
224). His idea was that writers of textbooks in general chemistry should include 
only what they really believe and really know. He believes that whatever is so 
unimportant that the author himself has forgotten it, or must crib it from some 
other source, should have no place in the book. Of course, one allows for a certain 
amount of “handbook information,” such as the melting points of the metals, 
which may be useful in a discussion of the periodic table. 

The more one thinks of the idea the more intriguing it becomes. If this ad- 
vice were followed there would certainly be fewer and/or shorter textbooks. With 
due apologies to the publishers, perhaps either or both these consequences would 
be a blessing. At any rate, a general improvement in textbooks, which the sugges- 
tion is intended to promote, is certainly something to strive for. 

It is hardly advice which is generally observed; -the long perpetuation of er- 
rors in theory and fact, later well known and recognized, bears evidence to this. 
In fact, authors have been known to joke about the pile of reference sources with 
which they surrounded themselves during their labors. Maybe it is even the 
common practice. 

Pauling says he tries to practice what he preaches. However, after strenuous 
efforts to eliminate all the inconsequentials and unnecessaries, his new, forth- 
coming book runs to 600 pages—which he thinks is a joke on himself. Of course, 
anyone with less than Pauling’s genius and amazing mental fluency would have run 
out of material long before that. Ordinary beings like you and me (you perhaps, 
me certainly) find it difficult to keep our memory files in order and catch ourselves 
reading our own earlier writings and saying: ‘Now that’s curious; I certainly 
never knew that before.” 

Among teachers of chemistry there is no more common subject of discussion 
than that of the organization of the first course in general chemistry. And with 
things as they are now, the direction of the discussion is usually toward determining 
what can most profitably be eliminated. Pauling’s idea would certainly be one , 
way—although maybe not the best—of accomplishing something along this line, 
at least as far as the textbook is concerned. (I am afraid that on this basis my 
textbook would be a rather brief little monograph!) 

Seriously, however, whether or not an author takes the idea literally, there is 
nevertheless something here for him to think about. Why shouldn’t he limit him- 
self strictly to that which he finds necessary and useful in orienting his own mind 
in the field? Why should he expect the student to struggle through more than 
that? Many textbook authors apparently do, however. 

The requisite to stick to what one “‘really believes” is perhaps harder than to 
limit himself to what he “really knows.’’ And let no student miss the point that 
his textbook contains beliefs as well as knowledge. But beliefs are extremely change- 
able—in science, at least, if not in religion—and two editions of the same book 
may not agree. No doubt every author tries to present his beliefs honestly, but I 
wonder if we aren’t sometimes influenced by the thought that this is after all an 
elementary textbook picture and therefore certain liberties are permissible. 

Next time you meet a textbook author try to pin him down and see if he really 
believes all that he has written. 
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JOHANN WOLFGANG DOBEREINER, GOETHE'S 
CHEMICAL ADVISER 


Wenn wir dich, o Vater sehen 

In der Werkstatt der Natur 

Stoffe sammeln, lésen, binden, 

Als seist du der Schépfer nur, 
Denken wir: Der solche Sachen 
Hat so weislich ausgedacht, 

Sollte der nicht Mittel finden 

Und die Kunst, die fréhlich macht? 
Und dann, schauend auf nach oben, 
Wiinschen, bester Vater, wir, 


Was die Menschen alle loben, 
Gliick und Lebens freude dir. 


Jouann Woircane GorrHEe composed this poem in 
December, 1816, when Johann Wolfgang Débereiner, 
professor of chemistry at the University of Jena, was 
sick and downcast as a result of overwork. To cheer 
up the patient, the poet suggested that the students 
honor their beloved teacher’s birthday by a torchlight 
parade. One of them was assigned the pleasant duty 
of reciting these verses at the celebration. 

Débereiner was born on December 13, 1780, at the 
Bavarian town of Hof an der Saale in the Fichtel- 
gebirge. Shortly thereafter, his father, a coachman, 
secured employment first as a servant and later as 
manager of an estate at Miinchberg in Upper Fran- 
conia. Here the bright boy passed his boyhood in 
close contact with nature and agriculture, but received 
only the bare essentials of schooling. His father could 
not afford to provide him with any higher schooling 
and put him to farm work. The mother, however, who 
herself had an urge for learning and intellectual in- 
terests, encouraged the boy’s desire to go on with his 
education. She arranged for lessons with the pastor in 
the neighboring village, and so at the age of fourteen 
the youth was prepared to enter an apprenticeship in 
an apothecary’s shop. After three years of training the 
young apothecary’s assistant set out on his Wanderjahre 
to secure further experience, and after stops in various 
cities he eventually reached Strassburg. Even though 
he did not have the funds to enroll at the university 
there, he found much scientific activity in the city. 
From time to time he attended lectures on various 
scientific topics, and filled the gaps in his education by 
self-study. He also learned the French language. 

Five years later he returned to his home, and at the 
age of twenty-three he married Klara Knab, whom he 
had known from boyhood. Though he was now a full- 
fledged apothecary, he had neither the funds nor a 


WILHELM PRANDTL 
University of Munich, Munich, Germany 
Trdnslated by Ralph E. Oesper 


license to buy a druggist’s shop. Consequently, he 
acquired an agricultural produce business and added to 
it the manufacture of pharmaceutical-chemical prepara- 
tions. As early as 1803 he began to report his ex- 
periences with the technical production of white lead, 
sugar of lead, magnesium sulfate, etc., in the Neues 
allgemeines Journal der Chemie, whose new editor was 
Adolph Ferdinand Gehlen. These papers brought 
Débereiner to the attention of chemists, but the com- 
plaints of envious neighbors caused the loss of his 
license to carry on the business. Relatives then gave 
him a position in their textile mill, where he was put in 
charge of bleaching and dyeing. He studied the 
bleaching of cotton goods with alkali hypochlorite 
solutions, the preparation of caustic alkali from alkali 
sulfate, etc., amd again reported his experiences in 
Gehlen’s Journal. However, the continental blockade 
occasioned by the Napoleonic war made it necessary to 
close down the plant. Again without a job, Déber- 
einer took over the supervision of agricultural estates, 
where he especially modified the practices in brewing 
and distilling. In the nearby town of Bayreuth he 
made friends with the professor of mathematics and 
physics, Johann Salomo Christoph Schweigger, who 
later (1811) edited the (Schweigger’s) Journal fiir 
Chemie und Physik as a continuation of Gehlen’s 
Journal. 

However, the agricultural projects directed by 
Débereiner were discontinued in 1810, and once more 
he was out of work. Almost 30, the father of a family, 
his savings were quickly used up, and in the midst of a 
war his lot was indeed a sad one. In August, 1810, 
when the heavens seemed darkest, he was completely 
dumbfounded to receive notice from the Senate of the 
University of Jena that he had been nominated extra- 
ordinary professor in the philosophical faculty with the 
commission to teach chemistry and technology. 

The “(Gesamt-Academie Jena,’”’ which jointly served 
the Saxon duchies of Weimar, Coburg, Gotha, and 
Meiningen had had a professorship in chemistry since 
1789. This chair had been established by Duke Car! 
August of Saxony-Weimar with the collaboration of 
the Privy Councillor Johann Wolfgang von Goethe. 
It had been occupied with complete satisfaction to all 
for twenty years by Johann Friedrich August Géttling, 
who had come from the ranks of the apothecaries. 
This beloved teacher had died on September 1, 1809, 
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and the Duke Carl August requested Gehlen to pro- 
pose @ successor to Géttling. Gehlen offered Déber- 
einer’s name, but with little hope of success, since the 
latter did not possess even the ordinary school certificate 
of graduation, to say nothing of higher education or a 
doctor’s title. Relying on Gehlen’s recommendation, 
Carl August saw to it that the faculty called Déber- 
einer. Only after he arrived in Jena did Débereiner 
learn that as an academic teacher it was necessary for 
him to have the doctorate title. Accordingly, he peti- 
tioned the philosophical faculty to grant him a doctorate 
diploma gratis. He did obtain it at half the usual fee, 
and because of his poverty paid off this debt in in- 
stallments, or as the faculty minutes read, “‘in rather 
smooth Laubthaler.”’ 

The call to Jena was the greatest event in Déber- 
einer’s life. It filled him with such profound gratitude 
to his patrons “the most illustrious gentlemen, and 
Goethe,” that he filled his post in his beloved Jena with 
complete devotion of his talents and strength until the 
close of his life, refusing offers from five universities 
that at various times sought to win him for themselves, 
and despite the fact that throughout all his years in 
Jena he never was free of financial worries. The 
small state could not afford to pay him more than a 
meager salary, and he had to support not only his wife 
and his old mother but a brood of eight children and the 
house servants, and also meet necessary professional 
expenses. 

At that time, von Goethe, as Privy Councillor and 
Minister of State, supervised the institutions of science 
and art in the duchy of Sachsen—Weimar—Eisenach. He 
and the duke had correctly grasped the importance of 
chemistry, which was then beginning to flourish, and 
they wished to promote this science for the benefit of 
their little country to the fullest extent compatible 
with its modest means. Weimar is only 12 miles from 
Jena, and on November 8, 1810, Débereiner appeared 
at the capitol city to intreduce himself to his immediate 
superior. He made a favorable impression on the great 
poet. They spent two days discussing plans for equip- 
ping the chemical laboratory at the university. At 
first it was located in the upper floors of the former 
palace at Jena, and was fitted up with old chemical 
apparatus on hand at Weimar, with material from 
Géttling’s incumbency, and with books from the ducal 
library. Goethe laid great weight on the collection of 
demonstration material, especially important prepara- 
tions and minerals, to be exhibited in glass cases for the 
purpose of lightening the demands on the memory and 
with the hope that they would lead to reflectful con- 
templation. 

The palace rooms assigned to the chemistry labora- 
tory soon proved inadequate for the experiments that 
had been planned. Accofdingly, in 1816 the authorities 
acquired a house and its large garden situated near the 
Neutor (New Gate) in Jena. Goethe had this build- 
ing, which was known as the Hellfeld Haus after its 
former owner, fitted up for Débereiner’s needs. The 

ground floor contained a large room in which, from the 


The Hellfeld Haus. Sketch by Goethe 


winter semester 1820-21 on, Débereiner conducted a 
public laboratory course. Later (1833) a new tech- 
nical-chemical laboratory, for which Goethe had 
drawn the plans, was erected in the garden. This 
building, which was set directly on the ground, with no 
basement, was about 12 meters long, 5 meters high, and 
cost 700 thalers. In order to complete the fittings 
Débereiner had to borrow 200 thalers in addition from 
his daughters’ savings. ‘‘Of course there are still 


lacking some things that, considering the present state 
of chemistry, should be on hand in a laboratory de- 
voted to instruction and new investigations, but I can 
wait and, if necessary do without, because I have 
learned Franklin’s trick of sawing with a drill and drill- 
ing with a saw, in order that I may carry on my ex- 


periments even under unfavorable conditions, and 
have proved that great results can come from experi- 
menting even with small means. . .” wrote the un- 
assuming scientist to the supervisory board in 1834. 
The “new laboratory” next to the Hellfeld Haus, 
which furthermore served as his residence, was Déber- 
einer’s laboratory until his death on March 24, 1849. 
He succumbed, after a brief but painful illness, to a 





To the right: The Hellfeld Haus; to the left: behind the trees, the 
“new laboratory.” . 
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cancer-like destruction of the throat and the upper parts 
of the esophagus. 

At the time Débereiner began to busy himself with 
chemical problems, the phlogistic hypothesis had been 
essentially abandoned in Germany. Géttling, his 
predecessor at Jena, had acquainted the German 
chemists with the new French nomenclature as early as 
1790 in his “‘Taschenbuch fiir Scheidekiinstler and 
Apotheker” and, convinced by his own experiments, 
had accepted the Lavoisier doctrines. Débereiner 
had come to know the new theory during his stay in 
Strassburg. Like his contemporaries of his own age, 
Humphry Davy (1778-1829) and J. J. Berzelius (1779- 
1848), Débereiner also came under the influence of the 
epoch-making discoveries of galvanism (1780) and the 
voltaic pile (1800), and like Berzelius he also recognized 
the basic significance of stoichiometry, a term coined 
by J. B. Richter (1762-1807) to designate what he 
called the “art of measuring chemical elements.” 
The three scientists therefore worked to a large extent 
in the same fields, Débereiner with the most modest 
means. 

For many years he carried out “Stoichiometric 
studies” and determined the combining weights of 
numerous elements, 7. ¢., he made what are now called 
“atomic weight determinations.” He collected the 
first results in his stoichiometric tables, ‘Darstellung 
der Verhaltniszahlen der irdischen ‘Elemente,’ pub- 
lished in 1816. As early as 1817, in the course of these 
studies, he came upon the idea, which, however, he did 


not publish until 1829 in Poggendorffs Annalen der 
Physik und Chemie, under the title, “An attempt to 
group the elementary materials according to their 


analogy.”’ He had found that the specific gravity and 
the “atomic weight”’ of strontia closely approximate the 
mean of the specific gravities and “atomic weights”’ of 
lime and baryta, and that in similar fashion soda lies 
between lithia and potash in the alkali group. Like- 
wise, in the group  sulfur-selenium-tellurium, the 
specific gravity of selenium is the exact mean of the 
specific gravities of sulfur and tellurium; and finally, 
he cbserved that the atomic weight of bromine is the 
arithmetic mean of the atomic weights of chlorine and 
the iodine. Thus Débereiner was the first to discover 
the numerical relationships between chemically similar 
elements. As the principle of the grouping he took 
trinity—trias—and gathered the elements into groups, 
which were designated as “‘triads’” by Leopold Gmelin 
in his Handbuch der Chemie. Débereiner’s statements 
attracted no attention for a long time, but they were 
the start of the attempt to arrive at a systematic classi- 
fication of the chemical elements, which was continued 
in 1850 by Pettenkofer and brought to a close through 
the erection of the natural system of the elements by 
Lothar Meyer (1864-69) and D. I. Mendelejeff (1869- 
71). 

As early as 1821, and hence long before the discovery 
of the Faraday laws (1833), Débereiner recommended 
the use of a simple galvanic cell for stoichiometric 
studies. 
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In the course of his many years of experience in the 
fields of preparative and analytical chemistry, Déber- 
einer had frequent opportunities to discover new 
methods of procedure or to improve existing practices. 
In 1816 he recommended the use of ammonium car- 
bonate or oxalate in the presence of ammonium chloride 
for the separation of calcium and magnesium, a method 
still in general use. Another discovery was the addi- 
tion of powdered pyrolusite (MnO2) when oxygen is 
prepared by heating potassium chlorate. He also 
recognized that it seemingly remains unchanged and 
asked himself: What role does the pyrolusite play here? 

His most famous discovery came from his interest 
in platinum. In order to obtain a supply of this metal 
for the manufacture of laboratory vessels and also to 
recover the accompanying metals, Débereiner began 
to work up two pounds of American platinum ore in 
1812. His first efforts were directed toward the 
separation of the platinum metals. The discovery and 
extraction of platinum ores in the Ural Mountains, 
from 1823 on, greatly facilitated his studies in this field. 
The ducal court at Weimar had close family connec- 
tions with the court of the Czar, because Carl August's 
daughter-in-law, the crown princess Maria Paulowna, 
was a wealthy Russian grand duchess. Furthermore, 
she was a patroness of Débereiner and had repeatedly 
made generous contributions to his laboratory. Con- 
sequently, he had access to large quantities of Russian 
platinum ore. While Débereiner had already spent 
years on the chemistry of platinum, Humphry Davy, 
in London, during his studies of the nature of the flame 
(1817) observed that inflammable gases or vapors when 
mixed with air burn without producing a flame at hot 
platinum or palladium gauze, with the result that the 
gauze glows because of the heat of combustion. About 
this same time, his younger cousin, Edmund Davy, 
found that a solution of platinum sulfate when boiled 
with alcohol produced a black powder—later called 
Platinschwarz by Débereiner—which when moistened 
with alcohol, begins to glow so that the alcohol bursts 
into flame. He used this discovery to make a lighter, 
in which alcohol vapor was set on fire by a piece of 
punk coated with platinum black. On repeating this 
experiment, Débereiner discovered (1821) that plat- 
inum black causes alcohol to combine, at room tempera- 
ture, with the oxygen of the atmosphere to form a prod- 
uct (that he named “oxygen ether’) and also acetic 
acid. From the former, Liebig isolated acetal (1832) 
and acetaldehyde (1835). On July 27, 1832, Déber- 
einer discovered that the spongy or pulverulent plat- 
inum, obtained by igniting ammonium platinum chlo- 
ride, has the property of setting fire to a mixture of 
hydrogen and air or oxygen. The action took place 
at room temperature, or even at —10°C. When he 
allowed hydrogen to issue from a gasometer through 
a capillary and impinge on platinum dust held one or 
two inches below the nozzle the metal became red or 
white hot almost immediately and the hydrogen caught 
fire. 

This discovery created a real sensation and was im- 
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nediately tested and confirmed by numerous chemists 
and physicists. Berzelius declared it the most brilliant 
discovery of its time. Débereiner demonstrated it to 
the convention of the German scientists and physicians 
at Halle on September 18, 1823. A direct result of this 
remarkable finding was the construction of the lighter 
that bears his name: the Ddobereiner Feuerzeug. In 
this device, hydrogen, generated from zinc and sulfuric 
acid, streams through a narrow opening toward a holder 
in which platinum sponge is suspended on thin plat- 
inum wires. After the gas catches fire, the flame can 
be applied to a candle. Of course, the platinum sponge 
occasionally became inactive, but it could be easily 
revivified by heating. About 20,000 of these Déber- 
einer lighters were in use in Germany and England 
around 1828. They were replaced after the middle of 
the 19th century by phosphorus matches, and especially 
after the invention (1848) of “Safety”? matches by 
Rudolph Christian Béttger, one of Débereiner’s stu- 
dents, 

To demonstrate the oxidation of alcohol to acetic 
acid, Débereiner constructed an “acetous lamp,’ in 
which alcohol was supplied by a cotton wick to a small 
funnel containing platinum black. He also planned 
the technical production of acetic acid from alcohol by 
means of platinum black. In 1832 he reported that 
in the presence of platinum sulfur dioxide is converted to 
the trioxide by the oxygen of the air. However, Pere- 


grine Phillips of Bristol had already (1831) secured an 
English patent on this process, whose technical im- 


portance had not been recognized by Débereiner. 

In the further course of his investigations on plat- 
inum he also studied the chemical nature and the mode 
of action of platinum black. Eventually he came to 
the conviction that the platinum deposited from its salts 
or alloys by the wet method was “not a simple, but a 
mechanical combination of this metal with compressed 
oxygen gas or, in other words, that the platinum re- 
duced or isolated by the wet method has the property of 
absorbing and thus compressing a large amount of oxy- 
gen gas, and that it becomes capable of combining 
chemically with diverse readily oxid’zable substances. 
He found further that this mechanical combination of 
platinum with oxygen decomposes at the instant of its 
contact not only with alcohol and hydrogen, but also 
wood alcohol, formic acid, and other organic materials, 
and that it is quickly formed again if atmospheric air 
or oxygen is allowed to act on the deoxygenated 
platinum, and that therefore in the processes of oxida- 
tion and acidification of alcohol, etc., platinum plays a 
role corresponding to the function of the nitrous gases 
in the process of sulfuric acid formation.” 

Hence, Débereiner had clearly comprehended that 
the reactions occurring between oxygen and oxidizable 
substances in the presence of platinum belonged to the 
group of chemical reactions which at that time had not 
yet been collected under a special name, and for which 
Berzelius in 1836 proposed the term “catdlysis.”’ 
Furthermore, Débereiner’s explanation of the catalytic 
action of platinum was accepted for a long time. He 


Débereiner'’s Platinum Apparatus 


Portable platinum lighter; 
vinegar lamp; water producer; 


ordinary platinum lighter; acetous or 


eudiometer. 


certainly earned a place of honor among the scientists 
who have studied catalysis. 

He repeated his observations on platinum since 1824, 
described them in a comprehensive manner, and finally 
collected the whole in his book: “Zur Chemie des 
Platins in wissenschaftlicher und technischer Bezie- 
hung. Fiir Chemiker, Metallurgen, Platinarbeiter, 
Pharmazeuten, Fabrikanten und die Besitzer der Déb- 
ereinerschen Platinfeuerzeuge”’ (Stuttgart, 1836). 

Débereiner’s earliest scientific studies dealt with the 
nature of carbon and its compounds. At the beginning 
of the 19th century, organic chemistry was in its first 
beginnings. At that period, the materials produced by 
the thermal decomposition of organic compounds, ¢. e., 
carbon monoxide and dioxide, methane, hydrogen, etc., 
were regarded as the building stones of the original 
compounds and attempts to regenerate the latter from 
such fragments seemed a reasonable endeavor. Déb- 
ereiner distinguished between plant and animal charcoal 
and regarded the former as a hydrogen and the latter 
as a nitrogen compound of carbon proper. Because of 
its behavior toward metals, he believed carbon to be a 
metallic element. In order to prepare pure carbon he 
placed a mixture of pine soot, powdered iron, and 
manganese oxide in a crucible, which was then heated, 
with exclusion of air, to the highest temperature of a 
potter’s kiln. After dissolving away the iron-man- 
ganese alloy in acids there remained black-gray metallic 
shiny leaflets, which conducted the electric current and 
volatilized when heated in the air. He named this 
material carbon metal or carbonium. In modern 
terms, he had converted amorphous carbon into graph- 
ite. 

Débereiner extended his stoichiometric studies to 
carbon compounds also and, like Berzelius, he found 





; Locks 07 COCK 


Oe a Ld Wejes 


‘ , hall cde ee ae a Ai 


that the law of constant proportions and Gay-Lussac’s 
law of combining volumes also apply to carbon com- 
pounds. In their analysis he used combustion with 
copper oxide, followed by gas volumetric determination 
of the combustion products. 

In 1816 he showed that the anhydrous salts of oxalic 
acid—or rather, in the sense current at that time, its 
anhydride—consists exactly of one volume CO, and 
one volume CO. He called it “carbonous acid’”’ and 
attempted in vain to prepare it from these components. 

Among the other studies which he made in the field 
of organic chemistry, his investigations of alcoholic 
fermentation and its products merit special attention. 
Although he did not know that fermentation is oc- 
casioned by a living ferment, nevertheless he viewed it 
as a biological process which required particular super- 
intendence. .As early as 1808, in Bayreuth, he was one 
of the first to observe the fermentative conversion of 
starch paste into fermentable sugar. In 1812, during 
the continental blockade which Napoleon imposed 
against England, Débereiner set up at Tiefurt, near 
Weimar, a small starch sugar factory, but there was 
soon no more need for it. He analyzed sugar and 
alcohol in 1816, and his results showed that both are 
compounds of carbonicacid (CO2),:andcarbureted hydro- 
gen (CH,), in the respective ratios of 3:3and1:3. He 
made fruitless efforts to prepare sugar from alcohol and 
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carbonic acid. He determined the ratio between the 
amount of sugar and its fermentation products, 7. ¢., 
alcohol and carbon dioxide. As early as 1817, he made 
determinations of the sugar content of plant juices by 
measuring the volume of carbon dioxide produced when 
the samples were fermented. He also determined how 
much oxygen or air is required to convert alcohol into 
acetic acid. Débereiner also constructed a theory of 
the organic compounds of vegetable origin on the basis 
of his stoichiometric findings, but this was soon out of 
date. 

In addition to his scientific activities Débereiner also 
served as expert consultant in all technical chemical 
matters to his sovereign, Duke Carl August of Sachsen- 
Weimar and the latter’s minister, Goethe. He was ap- 
pointed superintendent of all breweries, distilleries, 
vinegar factories, dyeworks, etc. At the request of his 
patron, he made efforts to replace foreign dyestuffs with 
homegrown products. For example, he prepared 
indigo from woad (Isatis tinctoria), madder from madder 
root (Rubia tinctorum), and safflower, the coloring mat- 
ter of Carthamus tinctoria. He made suggestions for 
improving the manufacture of steel; he produced 
water gas for technical use; and, at Goethe’s request, 
prepared illuminating gas from Ilmenau coal for a street 
illumination planned in honor of the duke. In Jena, 
where the world-famous Schott and Zeiss works were 
founded later, Débereiner as early as 1828, in collabora- 
tion with the court mechanician and optician, Friedrich 
K6rner, carried out experiments on the preparation of 
optical glass (celestine and baryta glass). He wished 
to make use of the great quantities of carbon dioxide 
released by the various fermentation industries for the 
preparation of carbonated waters for table and balneo- 
logical purposes. However, all these plans and experi- 
ments had no practical results, since the small duchy 
of Sachsen-Weimar lacked the financial resources to put 
them into practice on a profitable or even self-sustaining 
scale. 

Dobereiner, the scientist and technologist, who him- 
self had enjoyed no normal schooling, was nevertheless 
an outstanding teacher. He had the ability to hold the 
student’s attention in his lectures, but in addition he 
gave them an opportunity to profit from his knowledge 
and practical experience by laboratory exercises. From 
1820 on, and hence considerably prior to Liebig in 
Giessen, Débereiner held at Jena a “chemical practical 
course” and thus created in the little state of Sachsen- 
Weimar an educational institution the like of which did 
not appear in large countries such as Prussia and Aus- 
tria until several decades later. He also wrote a num- 
ber of widely used textbooks for chemistry and phar- 
macy students, which, issued in small editions, have now 
become quite rare. 

His students included not only the inventor of the 
safety match, R. C. Béttger (vide supra), but also 
Ferdinand Friedlieb Runge, the first investigator of 
coal tar and the founder of the coal-tar dye industry. 
However, his most famous student was the poet 
Goethe. He not only studied Débereiner’s textbook 
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of chemistry but, as he notes gratefully in his ‘Tag 
und Jahresheften,” permitted himself to be initiated 
in 1815 and 1817 by Débereiner into the secrets of 


f stoichiometry. Whenever Goethe stayed in his be- 


loved Jena he visited Débereiner in his laboratory, had 
experiments performed, and sought information about 
the latest discoveries. He also frequently invited 
Débereiner to visit him in Weimar, so that he might 
receive scientific instruction. At the end of October, 
1820, Débereiner had to demonstrate for him Oersted’s 
sensational discovery of the effect of the electric cur- 
rent on the magnetic needle, and on December 16, 
1822, he met the discoverer of electromagnetism at 
Goethe’s house in Weimar. When the latter wrote his 
“Farbenlehre,’”’? Débereiner had to perform for him 
many “‘chromatic” experiments, which were to serve 
as proofs in Goethe’s color theory. On one visit to the 
laboratory, Goethe carried away a piece of platinum 
ore, and did not return it despite repeated reminders. 
When Débereiner then complained to the duke, the 
latter replied: “Let the old mule go. I will ask the 
Czar for a new piece of platinum.” 

Débereiner was a born scientist who, closely linked 
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with nature from his youth on, observed passionately, 
gathered experiences, evaluated them with clear under- 
standing, and put them into their proper scientific 
setting. At the same time he was an idealist, poor in 
worldly possessions, but rich in knowledge, who, with- 
out thought of his own advantage, unselfishly gave of 
this wealth so that others might aid humanity. When 
an English manufacturer made him a very advantageous 
offer for the commercial exploitation of his lighter he 
declined; he had immediately given his invention to 
the world as a mark of homage to it and his science. 
“T love science more than money, and the knowledge 
that I have been of use to many mechanical artisans 
makes me happy.” 

As early as 1813, Carl August promoted him to the 
rank of Bergrat (Mining Counsellor), and in 1818, when 
he was offered the chair of physics and chemistry at 
the University of Halle, he was made Hofrat (Privy 
Counsellor). The Knight’s Cross of the Weimar House 
Order of Watchfulness or of the White Falcon was 
bestowed after the invention of the platinum lighter. 
In 1851 a monument was erected by the grateful city 
of Jena to the memory of Johann Wolfgang Débereiner. 
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HUMAN VALUES IN ENGINEERING 


INTRODUCTION 


Civilization is a frail thing. Many times many 
peoples have advanced to positions like ours but they 
have never held them for long. Civilizations which are 
in the growth stage constantly tend to spread outside 
the land or lands of their original birth and to convert 
to themselves other societies originally foreign. Science 
in general and engineering in particular are in that 
growth stage today in our western civilization. They 
are pressing forward constantly into new areas of human 
activity, and in a sense converting them. So, just as 
we have the isolationists and internationalists in the 
political field of our civilization, we have the same types 
in engineering. They are like those who in the Middle 
Ages hated the people over the hill or in the next valley 
and those who caught the vision of the Church Uni- 
versal. 

The primary engineers are those who are engaged in 
applying the results of science to the practical ends of 
mah, but there is a very large group who may be called 
secondary, consisting of those who are applying engi- 
neering training and techniques to all of the varied 
problems of life. You will find even in our engineering 
societies many who will not credit the secondary group 
with being engineers at all. Those of you who are old 
enough will remember that Gilbert and Sullivan sang 
that every one of us was born either a little liberal or a 
little conservative. Those of us who are liberal must 
not accept even that static point of view, but must 
convert the conservatives to a better understanding of 
an expanding universe. The part-time practitioners 
are the extenders of the fringes of the profession, and 
the fringe area of one generation becomes the solid 
ground of the next. From the original kernel of design 
engineering the profession has gone on to control the 
processes of production, of research, of sales, and finally 
of management. While this is particularly true of the 
chemical and other strictly technical industries, there 
are still further fields for the engineer to conquer in 
those industries not usually considered technical, where 
his training and logical thinking in the analysis of 
problems and in the synthesis of decisions, will prove 
of supreme value, if to them he can add vision. We 
must look outward and not inward. 


THE ENGINEER AS A MAN 


Whether or not the majority of engineers are to be 
classified as primary or secondary, it still remains that 
what the engineer is as a man is more important than 
what he is as an engineer. Man is a social as well as an 
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individual animal, and his life, active, intellectual, and 
spiritual, as an individual, must be bound into his 
life as a social being if happiness is to result. A half 
man is always unsatisfied. Millions have been spent | 
for research to study material failures, but relatively 
little for the investigation of the individual’s problems. 

The work of the scientist and the engineer in the 
nineteenth and early twentieth centuries, brought to 
the world the greatest material prosperity it has ever 
known, and achieved its greatest accomplishments in 
this regard in the United States, and still thinks itself a 
success. Those of you who have traveled I know have 
been struck immediately by the difference in the stand- 
ard of living of the common man in the United States 
from his fellows even in western Europe, and compared 
to eastern Europe and, even more so, other parts of the 
world, western Europe in this time was a paradise. 
One has only to take a cruise around the Caribbean, as 
so many Americans do nowadays, to have vividly 
brought home to him the truth of this statement. I 
do not mean for a moment to think or to say that all is 
well in the United States. We have very many plague 
spots. We have room for civic betterment in every city 
and town in the country. We have work to do in this 
field by the thousands and thousands. We think we 
are good because we do not look. Our advantage is 
relative, not absolute. We pride ourselves on the 
accomplishment of full employment and that is a tre- 
mendous gain, but have we in the real sense of the word, 
full employment at all? We have hours spent on the 
job, but are those hours fully employed? .How many 
manhours are used up in standing idle? How prevalent § 
is the delightful practice of featherbedding? Here isa 
frontier for the future, equivalent to the ideal of full 
employment in the past. We have not properly used 
the saved hours that science has given us, and science 
has not seemed to have the answer how todo so. The 
oracle only mumbles and we must look elsewhere for 
direction. 

These great accomplishments of the nineteenth and 
early twentieth centuries were the work of men largely 
concerned with material things. Hence they have 
toppled in the rest of the world, and the structure they 
have built is staggering in the United States. Great- 
ness lasts only in the spiritual. The material is always 
evanescent. The great truths of religion, the great 
works of art, of literature, and of music are universal, 
largely independent of time and place, though even 
they have been submerged from time to time when 
material concerns became excessive. As a matter of 
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fact, even in this field we possess but a fraction of what 
man has created throughout his long career. From 
history our yield is still small. 

What has happened, it seems to me, is that the exces- 
sive preoccupation of the last two hundred years with 
the individual man, has caused an equally excessive 
reaction of social man. Both are wrong. The result 
has been the trend to state socialism in various forms; 
in Europe, a trend quite obvious since World War I. 
Whatever you call it—conventional socialism, nation- 
alization, fascism, or communism—the common trait 
is a succession of waves of submergence of the individual 
in the state. That is, the world says the individual 
has made a mess of things—and we must admit he has— 
with his blind insistence on his own individual, mate- 
rialistic fortune. The thesis of the materialists has 
resulted in chaos. The fact that a sick world is jumping 
from the tossing boat into the swirling water, makes no 
difference. 

You will say that it will not happen here and it is 
true that the United States is the last chance, but 
Americans are much too concerned with economic 
security and too little with spiritual. Socialism, with 
the help of many true liberals, has succeeded in fixing 
many of its concepts here. One cannot now look for- 
ward to making a fortune except as a windfall. Social 
man has reacted vigorously against individual man, 
and, as in all revolutions, has gone too far. An inter- 
esting article in the April, 1948, number of the maga- 
zine Fortune, called ““What does make the boss work,” 


shows the effect of taxes and the depreciation of the 
dollar since 1939 on the so-called higher incomes. 
With an apparent income of $5000, real income is 
$3000. If one jumps to an apparent income of $25,000, 
real income is $10,000. But if one should by some skill 
ascend to an income of $150,000, real income is only 


$28,000. It is easy to see the unfortunate position of 
the man with the apparent $150,000 income. The 
demands made upon him are based on the appearance 
and not the reality. It is the intention of the so-called 
liberals that there shall not be any more great fortunes. 
What has happened in England can happen here. 
But there is more. 

According to the Bureau of Internal Revenue, estate 


tax returns show that estates of over $10,000,000 de- - 


clined almost 50 per cent in a ten-year period. In the 
same period, estates of $1,000,000 declined 8.9 per 
cent and estates of $500,000 to $1,000,000 declined 
10.2 per cent. On the other hand, the government re- 
turns show a small increase in estates under $200,000 
and a substantial increase in estates up to but not ex- 
ceeding $100,000. 

During these last fifteen years there has been a pro- 
portionate gain in the incomes of the lower income 
groups. This has had a very decided and desirable 
effect on this country, and as a matter of true fact, 
should have been brought about long ago by socially 
minded individualists if there had been many. Only 
Henry Ford astounded us in a forgotten era with his 
five dollar minimum day. We are now in a position of 
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having plenty of demand for goods and no risk capital 
to help the engineer to fill it. The golden goose may 
not have been killed but it’s not laying well. It is 
obvious that the position of the $3000-a-year man and 
the $50,000-a-year man, with respect to risk capital, 
is quite different. It may be that on his scale of living 
the $3000-a-year man has some surplus which he wishes 
to save, but he certainly cannot take any great risks 
with that surplus. He has to buy something extremely 
safe. Whereas a man with an effective income of $50,- 
000 can afford to put some of it into venturesome busi- 
nesses in the hope of high returns. It is the venture of 
today which makes the jobs of tomorrow. The Gov- 
ernment is no solution. Who ever heard of a politician 
sticking his neck out? So we have a situation where 
the pendulum again has swung too far and we have cut 
off our ears to shut off the radio. 

There is a pretty good likelihood, therefore, that the 
young American must face the future where his previous 
American ideal, a fortune, will not exist. Such a future 
is staggering to the materialist, the believer in only the 
here and the now, because he has nothing left. We 
have seen plenty of evidence in Europe where people 
will not work for money when they find it will not pur- 
chase things, a somewhat logical conclusion, if things 
are all that count. 

If the pattern of future existence is to be as I have 
shown it, we cannot lie down and say that nothing can 
be done, but everyone who wishes to achieve happiness 
must re-evaluate himself in relation to the nonmaterial 
rewards of existence, and start now. Many engineers 
know nothing of religion; some have a little knowledge 
well buried in childhood; but most recognize at least 
that truly religious people lead happy lives. It is 
barely possible that it might be worth looking into. 
Certainly an open mind would do so. 

Engineers are used to mechanical drawing and not 
often do they take to the more artistic type where they 
may express feelings and emotions which they have in 
viewing a landscape or a beautiful face. To say that 
they cannot draw is to say that they cannot learn to 
write. The process is similar and no more difficult. 
There is a great field for adult amateur expansion in 
the realm of art. Even more untouched by the ama- 
teur is literature. There are almost no people who 
write for fun, but one might suspect from the intense 
satisfaction achieved by those professionals who do 
write, that something might be gleaned here which 
would add to the well-roundedness of existence. 

When we come to music, we do have a field to which 
the engineer seems to lean. In interviewing many 
thousands of technical men applying for positions, I 
have found that of those who have hobbies, something 
over 50 per cent will be concerned with either photog- 
raphy or music. The leaning to photography is easy 
to understand since it is a scientific process. Music 
may be a little bit harder but it does have a very 
definite mathematical basis which may be appealing to 
the engineering mind, and its mechanical reproduction 
is an engineering process itself which may in time con- 
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vert many from the form to the substance. At any 
rate there is enough indication that the engineer hes 
turned to music, to make one feel confident in suggest- 
ing that they turn to it in greater numbers and with 
greater participation. Almost everybody was forced 
on dreary afternoons to learn some instrument as a 
boy, which he promptly forgot as soon as practicable. 
It can be picked up, and even if childhood had no 
practicing days, the adult can still start. 

The greatest outlet for social energy is in the field 
roughly classified as social or civic service. There is 
no one of our towns or cities that does not have some 
devoted band carrying the torch of civic improvement. 
They are on all the committees, to which they devote 
large amounts of time and energy, and they could use 
a great deal of help. There is no one of you who can 
ride through your city and really look around you, 
which most of us do not do, and fail to see a thousand 
things by which it could be bettered. Why not do 
something about it? 

It is almost axiomatic that those of the older genera- 
tion have a duty to the younger in their own trade and 
field of endeavor, and certainly from what we can see, 
the younger engineers can take plenty of help. All the 
engineering societies are interested in this problem. 
They have few workers. Get behind them. In so 


doing, the engineer, without losing his belief in the 
individual, can remold that belief with social conscious- 
ness and stop the slipping of the world into the absolut- 
ism of state control, the hand that numbs. 


THE ENGINEER IN EDUCATION 


Ideals without works are nothing. We must transfer 
our ideals into practice in our particular kind of life. 
All of us should feel a responsibility for education the 
whole of our lives. Each man must in some way edu- 
cate his successor, and the college or university, though 
crucial, is only a part. 

We have in engineering the difficult situation that 
we are now on top, and many unfit are rushing in. 

The day of the amateur in science seems past. 
Men now enter scientific pursuits to see what they can 
get out and not what they can put in. They are not 
influenced by a driving pressure to be a scientist for 
knowledge’s sake. The force of the ideal has waned, as 
so many ideals have, and we have only the material left. 
I remember discussing with a young chemical engineer 
being interviewed for employment, why he chose chemi- 
cal engineering for his life’s work. He told me quite 
frankly that he had looked over the possible vocations 
and decided that engineering was one of the most likely 
in which he could make money most quickly. Having 
come to that major demarcation he then looked over 
engineering and came to the conclusion that he would 
arrive at the delectable state of a large income most 
expeditiously in chemical engineering. Apparently 
he did not seem to be influenced by the statistical evi- 
dence that chemical engineers make the best husbands. 
That man was not a chemical engineer, he was merely 
a trained workman. 
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‘This always happens in a dominant movement of the 
day, and is happening to engineering. There is a rush 
into the field, but is the material suitable? I would like 
to see education put on a drive to solve this moot ques- 
tion of aptitude testing. Much has been done within 
the last twenty-five years but much more remains, 
We have no good methods of analysis other than marks 
which give only a portion of the story, and personal 
opinion, better than nothing but still weak. 

The first principle of industrial training courses is to 
train the trainers, and we need better teachers. Why 
should we assume that any graduate student who needs 
the money is a born teacher? We must always re- 
member that as the professor is, so will be the students, 
and many of the difficulties which arise when the stu- 
dent obtains employment may be attributed to the 
example and instruction he had in the schools. Indus- 
try is always the first to decry the professor as an old 
“fudduddy,” but what does it do to help? In my 
company we are just setting in motion an experiment 
which may point at least one possible way. We are 
setting up this year an industrial leave of absence for a 
professor of chemical engineering, who will come to us 
at a suitable salary, with moving expenses paid, and will 
work for us in one of our divisions for a year, after 
which time he will return to the university. In this 
way we hope that he will obtain a first-hand knowledge 
of how an industrial concern operates, what its good 
points and what its bad points are, and I am certain 
that he will be a better adviser and teacher to his stu- 
dents from that time on. If we can interest enough 
chemical companies in putting in plans of this kind, in 
ten years we should have run through a great number of 
teachers of chemical engineering, certainly enough to 
have had an influence on the groups at large. Perhaps 
we will no longer find students with no conception that 
there is shift work in the world. 

Two great mistakes are being made at the present 
time: the first by the professors that the universities 
are turning out graduates of professional standing; 
and the second by the industrialists that the univer- 
sities are turning out graduates of professional standing. 
Most engineering courses, at least in the chemical field, 
seem to make the bland assumption that all of their 


- graduates will be design engineers. Little provision 


is made for the large majority who will go into produc- 
tion, sales, research, and management. Little differ- 
entiation is made in their training from those who will 
design fractionating columns and chlorinators. I think 
this problem deserves a great deal of study by engineer- 
ing faculties. It is by no means simple and I am fully 
aware of many of the pitfalls, but I can only point out 
that we must set up our goal before we try to determine 
the steps to attain it. 

There is no such thing as completing an education. 
It must be continued by the university graduate ad 
infinitum, not only in the engineering field, but in the 
nonmaterial aswell. If this principle is accepted, indus- 
try has some responsibility for providing opportunities; 
older engineers have responsibility of guiding and edu- 
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cating younger; and even the younger can return to 
their universities and give the students a picture of 
what is coming. 

Possibly the sharpest blow to the young engineer, 
when he obtains a job, is to find that he has been chosen 
as much, and sometimes more than as much, for his 
personality as for his technical accomplishments. The 
lack of good personality development is a grave criticism 
of education. All has not been “led out” that was 
there. It would be sound practice to have personality 
development and accomplishment count for a degree as 
much as examination in calculus. The moral in a 
book on calculus which I once had, which said, ‘“What 
one fool has done another can do,’’ is just as applicable 
here as in the strictly engineering phases of education. 
I have a feeling that such a policy would produce more 
successful engineers, and I am certain that it would 
produce more successful human beings, but it would 
force a whole recasting of the process of education. 

The general purpose of most education is the acqui- 
sition of knowledge, but the greatest aim of living should 
be the attainment of wisdom. Wisdom teaches us how 
to use the knowledge we have gained and how to use it 
in the best possible manner. In every group of people 
there are usually some individuals to whom problems 
are brought, whose advice is asked for and looked up to. 
It is hard to define wisdom, but apparently somewhat 
easy to recognize it in those who have it. I do not 
think for a moment that wisdom can be taught, in the 
university or possibly anywhere else, but I do think 
the university can point out the necessity and desir- 
ability of acquiring wisdom as well as knowledge, and 
indicate avenues of approach which through the years 
will enable that attainment. To thoroughly define a 
problem alone is a long first step toward its solution. 
To ignore it invites trouble. 


THE ENGINEER IN TECHNOLOGY 


What is management looking for in the engineer? 
For what does it pay? The answer is character and 


personality foremost. First is the ability to get along 
with others, without which the highest grade point 
average is worthless. Evenness of temper comes in 
here: the manic-depressive is rarely a worthwhile 
associate. Some degree of forgetfulness of self would 
be highly desirable, though somewhat rare in these 
times. This is far more serious than appears on the 
surface. It is general experience that the man who is 
thinking of himself and the effect of events on himself 
rarely creates anything except disorder. The ability 
for self-criticism, so rare in the young, will propel a 
career faster than an uncle vice-president. Such is also 
true of those who stand on their own feet—the self- 
ramrodded. It might seem superfluous to speak of 
loyalty, and personally I feel that loyalty is a rather 
widespread virtue, and can be quite reasonably counted 
on in the majority of technical men. In fact, it is my 
experience that they lean backward in this ‘regard. 
However, this situation only points up the few cases 
which fail. Finally it is desirable to have a reasonable 
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social adjustment to the circumstances of our life and 
age, not that men should be indifferent to abuses or 
reforms, but cranks’ minds are elsewhere. To summa- 
rize, it is the kind of man one is, rather than how much 
one knows, that counts. 

We in industry cannot expect the university to do it 
all. It is the job of industry to set up training courses 
to further fit engineers for production, design, sales, and 
eventual management. If this is so, is the development 
of type courses a major opportunity for our engineering 
societies? Few companies can afford the research to 
design proper courses, but many could set them up and 
carry them out if given a reasonable pattern to follow. 
For production we need emphasis on human relations, 
but of an intensive type, since a production man deals 
with a relatively constant group. The production man 
needs to know cost accounting, upside down and inside 
out. Sometimes it seems to be going in both directions. 
Graduate engineering studies would be extremely use- 
ful, with constant yearly reviews of development in the 
field. 

For men who are slanted to sales, obviously human 
relations take on a different aspect. One is dealing 
with large numbers of people wi'’: whom sometimes 
one is hardly acquainted, but who must be converted to 
liking sometimes within five minutes. There is the 
whole world of commercial practice, contracts, billing 
and lading, shipping and freight problems, not taught 
in the ordinary engineering course. For the design 
and research engineer human relations play a somewhat 
smaller part, though they are never unimportant. 
Graduate engineering and more close following of new 
developments in the engineering field, are vital, but 
most important is the building of curiosity and keenness 
for new ideas, both of them rare phenomena. We need 
more research in engineering in industry. For such 
varied ends it is quite obvious that varied means 
must be used, and the ends themselves will determine 
the means. 


THE ENGINEER IN MANAGEMENT 


Everything that has been said so far goes for the 
development of ability in management, but the greatest 
characteristic of a good manager. is‘lack of specializa- 
tion. - In reverse this means broadness, but broadness 
is not achieved through shallowness, through never 
having known details, but rather by successive special- 
izations left behind. It is very difficult to leave special- 
ization tehind. One sees it happen over and over 
again, where men are hanging on to what they had 
better let go. It is very difficult to see younger men 
coming along and becoming more expert than you in a 
field in which you were once acknowledged to be of im- 
portance. The bitterness of the oftmade comment that 
as one grows older one knows less and less about 
more and more, has a real foundation in fact. 

It is also probably impossible to let the intellect lie 
fallow for years and then realize that one is falling 
behind in the race and try to pick up. Relaxation is 
important if never complete, and it is surprising how 
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complete mental relaxation is in a large fraction of the 
human race, including university graduates. Here is 
the key to the dissatisfaction of many men, brilliant in 
their youth, who find themselves outdistanced in middle 
age by those originally not so brilliant. They have let 
rubber tires grow around their minds as well as their 
middles. It is easy to spot the man who has never been 
through the mill. It shows up at almost every point. 
It is only those who have learned details and then 
learned to forget them and to see the general principles 
clearly, who succeed in management. 

For the manager, knowledge of human relations is 
supreme. The best are those who! know how ‘to pick 
men and then how to rely on them, and the last ability 
is rarer than the first. The ability to pick men is 
partly instinctive and seems to be tied to the ability 
to judge them, the beginning of wisdom. Tosay a thing 
is instinctive is merely to admit or to name a process 
we know nothing of. The Greeks thought lightning to 
be a bolt from Zeus, because they were ignorant of its 
real nature. All they had was a word for it. 

The engineer in management must understand fi- 
nance. There is no value in large research and engineer- 
ing programs without financing to provide the capital 
to build and operate the plants. Understanding a 
balance sheet points out rocks ahead, or indicates 
smooth passages, the advantage of which must not be 
missed. In many instances the sins of omission far 
outweigh those of commission, but unfortunately it is 
very difficult to see a vacuum. We spend our time 


criticizing what has been done, without looking care- 
fully at what might have been done. 

If we cannot have both, the best financial guidance 
must be preferred over the best engineering. This 
opens the door wide to economics, psychology, and the 


study of world conditions. In fact, one might state 
that there is no facet of human experience not of impor- 
tance to a good manager. 

From management of a business to management of a 
nation should be but a natural step. 


THE ENGINEER IN GOVERNMENT 


Successful politicians are men who understand the 
reaction of people en masse. If they ever were spe- 
cialists they have long forgotten all but the bones of 
what they knew, which fact is usually quite obvious. 
They do have a feeling for the pulse of human opinion, 
for the degree to which a people may be pushed, and 
for the distance to which it may be led. Engineers are 
trained to think logically, to analyze carefully, to make 
decisions. If they can add on the characteristics of 
the politician, they should make statesmen, but it is 
essential that those characteristics be added. As a 
matter of fact, the lawyers trained to produce similar 
intellectual results have done it. So can the engineers 
if they will study man as well as matter. We definitely 
need more varieties of experience in the management of 
this or any other country. We sare hamstrung by 
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theorists and booklearners, turning out their ideas, 
saying them over and over until they and many others 
believe them, without having more of their feet on the 
ground than a ballerina in a toe dance. 


CONCLUSION 


The greatest danger in life is security. The fish in 
the ocean has not progressed much since early geological 
times. The whole land animal world is based on those 
adventurous fishlike creatures who first wriggled out of 
the water and started the risky business of trying to live 
on land. Over and over animal species have started 
as small efficient creatures; with prosperity they have 
grown larger; for one reason or other the procedure 
has been to become more specialized for convenience, 
or more and more armored for security. A change 
in the circumstances no longer favoring the convenient 
form has resulted in the wiping out of the species. The 
concentration on security has prevented nimbleness 
and ability to meet changing circumstances, and pro- 
duced a cumbersome creature which went down before 
the assaults of smaller individuals, less specialized. 
Anthropologists tell us that the main reason for the 
dominance of man has been that he is still.a rather 
generalized animal capable of doing many different 
kinds of things, and of living under many widely differ- 
ent sets of conditions. The more he specializes, the 
more secure he becomes, the less is his chance of sur- 
vival against some new species not so conditioned. 
Man must have a stimulus, some form of insecurity, 
not necessarily financial, to continue to drive him on to 
attainment. 

The engineer is no exception to this rule. If he is full 
of supreme confidence in himself and what he has 
learned, if he does not constantly seek to enlarge the 
boundaries of his profession into fields not yet belonging 
to it, he is already building an enclosing armor. He 
must be able to recognize forms and practices of engi- 
neers not of the original conventional primitive kind. 

The engineer is not the forgotten man. He is rap- 
idly expanding in numbers and experience. With the 
present high position of science in the public eye, the 
engineer, as the translator of the results of science to the 
good of mankind, has a supreme chance. Can he take 
it and hold it? To do so he must become something 
more than a pure engineer, perhaps a relatively impure 
one. 

A higher standard of living is apparently an unstable 
state of man. Over the course of history he attains it 
to a degree, but cannot seem to hold it. What a huge 
opportunity for the social sciences and religion to find 
out why, and for statesmen to implement their findings. 
We in this country, and those in others even more s0, 
have been strongly jarred in our time of troubles. Our 
salvation will lie in men who maintain their individ- 
ualness against isms, parties, and states, but who 
learn to exercise their individuality in accord with a 
highly developed social conscience. 





A MODEL ILLUSTRATING THE EFFECT OF 
THERMAL AGITATION’ 


A most instructive method of conveying to students 
the means by which metals form into crystals and the 
manner in which they undergo deformation by slip, 
along definite slip-planes, was exhibited by Sir Law- 
rence Bragg (1) in a motion picture of a two-dimen- 
sional model described in his publication, “A Dynamical 
Model of a Crystal Structure.”” The model used for 
his two-dimensional metal consisted of a single layer 
of soap bubbles floating on the surface of water. These 
bubbles, which represented the atoms, showed such a 
reluctance to burst that the surface of the water could 
be agitated to produce a state of chaos among them. 
But, upon standing undisturbed, a rearrangement 
gradually took place resulting in a perfectly regimented 
distribution of the bubbles analogous to a “crystalline 
arrangement.’”’ Special methods were developed for 
assuring that all the bubbles were of the same size, and 
an oversized bubble intentionally placed among the 
others served to illustrate how space lattice distortions 
can occur. 

With the work of Bragg as a stimulus, the present 
authors conceived the idea that still further information 
might be conveyed to those studying the structure of 
matter if the effects of thermal agitation could also be 
simulated in a two-dimensional model of atomic struc- 
ture. It is the purpose of this paper to describe the 
construction and operation of such a model and also 
the methods of securing a motion picture record of the 
model in action. It is desired also, to describe some of 
the physical phenomena which it demonstrates. 


THE APPARATUS 


Some preliminary experiments were conducted in an 
effort to determine the best means of illustrating what is 
believed to be the actions of atoms and molecules under 
various physical conditions. Since the simulated molecu- 
lar actions were to take place in two dimensions only, 
it was found that the desired results could be obtained 
by letting small metal spheres or shot represent the 
atoms. Also the effect of thermal agitation could be 
imitated by mechanical vibrations produced by a small 
electric motor. To confine the spheres to two dimen- 
sions, a single layer of them were placed between two 
sheets of glass as shown in Figure 1a and 1b. Figure 
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1 A motion picture of this article may be obtained free upon 
request by writing to Professor Roscoe H. Woolley, Engineering 
Experiment Station, University of Utah, Salt Lake City, Utah. 


— H. WOOLLEY and DAN McLACHLAN, 


University of Utah, Salt Lake City, Utah 
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Figure 1 








(a, above; b, below) 


la shows the relative position of the parts and Figure 
1b is a cross-section view of the assembly. In both 
sketches, P and P’ are 9- X 12-in. sheets of double- 
strength window glass, G is a cardboard gasket of such 
thickness that it separates the glass plates by a distance 
slightly greater than the diameter of the spheres B. 
Thus the spheres are able to roll about freely within the 
confines of the cardboard gasket, but are prevented from 
rolling over one arother even when the glass plates are 
tilted out of a horizontal plane. The'parts of the assem- 
bly are held together by a strip of adhesive tape 7, bound 
across the edges. J is a small section of the gasket cut 
out and left as a loose insert to provide an opening 
through which spheres may be added or removed. 

The spheres used to represent the atoms and mole- 
cules in this apparatus are of three kinds: (1) For 
those atoms which are to exhibit no attraction for 
each other, number nine lead bird-shot, about 0.075 
inch in diameter, is used (2) In those cases where a 
mutual attraction between atoms of the same kind is to 
be represented, magnetized steel shot is used. To make 
the steel shot easily distinguishable from the dark- 
colored lead shot, the steel shot is copper plated by 
immersing it in a 10 per cent copper sulfate solution 
for about ten seconds. Also, in some cases the copper- 
plated steel shot is used in the unmagnetized state when 
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it is desirable to represent two kinds of nonattracting 
atoms intermixed on the glass plates. The steel shot 
is of the kind commonly used for cleaning castings by 
the shot-blasting method and is obtainable from any 
modern foundry. It is necessary to screen this steel 
shot several times to obtain a quantity for use that is 
uniform in size and of about the same diameter as the 
lead shot. (3) For those instances where molecules 
are to be represented, particularly long-chain mole- 
cules, various length pieces of brass bead chain may be 
used. This chain may be of the kind used on pull- 
switches for electric light fixtures. 

The glass-plate assembly is spring-mounted in a 
wooden frame as shown in Figure 2. Here, F is the 

















Figure 2 


wood frame, 11 X 14 X 3 in. inside dimensions, made 
of half-inch thick material. S,S’ are the suspending 
springs which run from gussets fastened to the upper 
and lower corners of the frame to metal clips C slipped 
over each corner of the glass plate assembly P. These 
springs all incline slightly inward toward the middle of 
the glass plates to keep the corner clips from working 
off when the plates are vibrated. Several holes through 
the side members of the frame, as shown in the sketch, 
are to provide access to wires W, used to manipulate 
the groups of metal balls between the glass plates as 
will be described later. The large hole in the left end 
of the frame provides an opening through which pro- 
jects the aluminum link by which the vibrations from 
the electric vibrator V are transmitted to the glass 
plates. The vibrator is a small electric massage vibra- 
tor made by the A. C. Gilbert Company of New Haven, 
Connecticut. The original rubber massage cup is 
replaced by a short, pointed brass rod that fits into a 
cone-shaped hole in the aluminum driving link. A 
rheostat placed in the power line makes it possible to 
adjust the vibration rate to give the best effect. The 
action of this particular type of vibrator is such as to 
give a lateral swinging motion to the glass plates rather 
than a vertical bouncing motion. ' This lateral vibra- 
tion causes the freely rolling shot to rebound violently 
from the cardboard gasket and proceed in nearly 
straight paths until they cross the glass plate or collide 
with each other. 

The camera suggested for the photographic work is a 
16-mm. Eastman Cinekodak Special equipped with an 
f 1.9 lens and loaded with Eastman Super XX film. 
This camera should be mounted above the work table on 
a bracket supported by a vertical column so that the 
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optical axis of the lens is perpendicular to the plane of 
the metal spheres being photographed. It will be 
found that the camera field of view just covers the clear 
area inside the binding tape around the glass plates 
when the distance from lens to glass plates is two and 
one-half feet. The camera should be operated at an 
exposure rate of thirty-two frames per second, to give 
a slow-motion effect when the finished film is projected 
atthe normal rate of sixteen frames per second. This 
smooths out the action and makes it easier to follow 
the motions of the spheres on the screen. 

Light may be provided by two General Electric 
300-watt Reflector Photoflood lamps. Where only one 
kind of atom is to be represented it is found that the 
action can be most clearly portrayed by using bottom 
illumination to produce a silhouette effect in the picture. 
Figure 3a shows the relative positions of the camera 
C, the plate suspension frame A, the tracing paper 
light-diffusing screen DS, and the lamps L. Even 
illumination is obtained with the diffusing screen about 
1 foot below the plate being photographed, the lamps 
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(a, above; b, below) 


being about 18 inches below the screen and offset 
about a foot each side ofthe. center of the screen. With 
such a setup the exposures may be made with a lens 
diaphragm setting of f/8. 

Illumination from above is recommended in those 
cases where shot of contrasting colors is being photo- 
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graphed or where auxilliary 
apparatus is to be placed 
below the glass plates. In 
such cases a piece of black 
paper is pasted on to the 
bottom plate so that the 
shot appears against a dark 
background. Figure 3b 
shows the general arrange- 
ment of the parts. As be- 
fore, the camera C is 2'/, 
feet above the plates A. 
The flood lights LZ are sus- 
pended about 18 inches 
above the plates and offset 
from the center just enough 
to prevent any direct reflec- 
tions of the lightsfrom show- 
ing in the pictures. Expo- 
sures with top illumination 
may be made with the lens 
stopped down to f/10. The 
use of this apparatus should 
be made clear by the follow- 
ing discussion of demonstra- 
tions which are made pos- 
sible by its use and recorded 
on motion picture film. 


A RAREFIED GAS 


When several dozen of the lead shot are placed be- 
tween the horizontal glass plates and the assembly set 
in agitation, the small spheres are reflected from the 
inner surface of the gasket as though it were a hot wall 
and, in their recoil, proceed across the field of view. 
Frequent collisions with one another occur and their 
actions are such as one might imagine the atoms of a 
“perfect monatomic gas” to perform. Although the 
demonstration is relatively realistic, especially when 
viewed on the screen, it has two objectionable features: 
in their passage over the plate, the spheres are subject to 
some friction and therefore a definite decrease in their 
velocities is noticeable on long free paths. Also, those 
spheres which are by chance moving at the lowest 
velocities exhibit a visible response to the vibration of 
the assembly. Therefore, those that are nearly at rest 
appear to be “shimmering.”’ However, the latter ob- 
jection is not as serious as the former. Bottom lighting 
gives the best results for this demonstration. 


DIFFUSION OF GASES 


For this demonstration, as well as others to follow, 
it is necessary to devise some means of putting parti- 
tions in the two-dimensional gas space. Figure 4a 
shows how this is accomplished by threading straight 
pieces of stiff wire or welding rod W through slots, cut 
in the spacing gasket between the glass plates. ‘The 
wire is of such a diameter that insufficient space is left 
between it and the glass to permit the shot to pass by. 
When the shot is placed all on one side of the wire par- 
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Figure 4 


a and b, above; ¢ and d, below) 


tition, as shown in Figure 4a, agitation causes the 
spheres to bounce against the wire as well as the gasket 
and the appearance of a barrier is created. By with- 
drawing the wires a short distance to produce a gap, as 
shown in Figure 4b, further agitation forms the iliusion 
of gas molecules diffusing through a small orifice or 
pinhole. 

To demonstrate the diffusion of two unlike gas 
molecules into each other, the glass plate with its wire 
partition is set up as shown in Figure 4c. Here lead shot 
is placed on one side of the closed partition and un- 
magnetized copper-plated steel shot on the other side. 
After the vibrator has been started, the wires are partly 
withdrawn and the two kinds of shot allowed to inter- 
mingle as shown in Figure 4d. This demonstration is 
very effective in emphasizing to the student the role of 
mean free path in the inter-diffusion process. When 
the experiment is repeated with increasing concentra- 
tions of the two kinds of shot on each side of the bar- 
rier, it becomes apparent that even though the “appar- 
ent’’ distance from one side of the barrier to the other 
is relatively short, the shot takes a very deviated route 
because the mean free paths become increasingly short 
and the direction of travel between collisions is more 
random as the concentration is increased. In fact, 
at very high concentrations, one is impressed with 
the slowness of mixing even when the barriers are 
completely removed. Even more startling is the effect 
of a little stirring in bringing into intimacy the two kinds 
of shot. Stirring of a kind very commonly used in 





Figure 5 


laboratory practice is closely imitated by giving the 
assembly a gently rolling motion off of the true hori- 
zontal. Since the effectiveness of this demonstration 
depends on the contrast between the two kinds of shot, 
top illumination and a black background are used when 
photographing the action. 


COMPRESSED GASES AND FLUCTUATIONS 


A further principle may be brought out by examining 
in more detail the effects exhibited by a high concen- 
tration of two kinds of shot in the assembly. It will be 
observed in Figure 5 that, although there is no attrac- 
tion between the shot and in spite of the constant agita- 
tion by the vibrator, there is still a tendency for clusters 
or aggregates of the spheres to be spontaneously formed. 
This adds credence to the explanation that an uneven- 
ness of distribution is the mathematically most prob- 
able configuration and that thermal fluctuations (2) 
such as cause the blueness of the sky (3) and turbidity in 
polymer solutions (4) are all natural effects. The mo- 
tion picture reveals on the screen the fact that the 


Figure 6 


(a, left; b, middle; ¢ right) 
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clusters do not retain their identity, but are in a con- 
stant process of dispersing, reforming, and exchanging 
members of the sets. A similar study of mixtures of two 
kinds of shot demonstrates the expected limitations of 
so-called ‘uniform’ mixing and the errors in sampling. 
Here, as in the preceding demonstration, top lighting 
should be used for the photography. 


THE CRYSTALLIZATION OF A METAL 


The contrast between the effects of quenching a 
molten metal and cooling it slowly may be demonstrated 
by suddenly shutting off the vibrator and tilting the 
glass plate assembly off the horizontal while it is about 
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Figure 7 


a third full of shot. If the assembly is held undisturbed 
in the tilted position it may be seen, as in Figure 6a, 
that the shot is in a generally disordered array and only 
in very small domains are the spheres in any regular 
order. This corresponds to quenching and the small 
ordered domains are analo- 
gous to the crystallites pro- 
duced on rapid cooling. If, 
however, the experiment is 
repeated and the agitation 
decreased gradually after 
tilting the assembly, much 
larger ordered domains will 
be formed in accordance 
with the formation of large 
crystals upon the slow cool- 
ing of amelt. The effect of 
heat-treating a solid and 
the consequent growth of 
crystals may be demon- 
strated by amild agitation of 
theassembly whileit is in the 
stage shown in Figure 6a. 
In.this event, thecrystallites 
already formed increase in 
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size as shown in the two stages illustrated by Figures 6b 
and 6c. This photographed for the motion picture 
record as a continuously progressive process and em- 
phasizes the very slight movement of each individual 
sphere or ‘‘atom’’ necessary for an impressive rearrange- 
ment of the mass collectivity. The use of but one kind 
of shot for this demonstration permits the silhouette 
effect to be used and hence is photographed by bottom 
‘umination. 


THE THREE PHASES—SOLID, LIQUID, AND GAS 


In discussing the three phases of matter, the authors 
have found some convenience in opening the subject 
by stating that there are three kinds of space to be con- 
sidered: (a) space filled by ordered material, (b) space 
filled with disordered material and, (c) empty space. 
Now, while these three kinds of space may be mixed in 
any proportions, the most important criterion for the 
study of the physical properties of such a mixture is the 
determination of which of these kinds of space in the 
mixture occupies the continuum. Figure 7 illustrates 
the meaning of a continuum as contrasted to the islands 
shown in black. With this thought in mind, one may 
say that a solid is a mixture wherein the ordered space 
is the continuum while a proportionately small fraction 
of the material occupies islands of disorder created by 
thermal fluctuations (6) and (6) and a very small part 
of the space is “‘occupied”’ by voids. 

The liquid state is characterized by the fact that the 
disordered state is the continuum and islands or nuclei 
of ordered space float about in it, but are always in the 


process of dispersing, reforming, and exchanging atoms 


with the melt (continuum). The gaseous phase is 
characterized by the fact that empty space is the con- 
tinuum. ‘ 

These ideas may be demonstrated with the two- 
dimensional apparatus by starting with the assembly in 
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Figure 9 


(a, above; 6, below) 


the stage shown in Figure 6c and gradually increasing 
the violence of the agitation (with the frame slightly 
tilted) until the aggregate of ordered spheres becomes 
chaotic and finally disperses against the force of gravity 
into a “gas.” Figure 8 shows an intermediate stage in 
which the solid, liquid, and gaseous phases coexist. 
The above demonstration was recorded with bottom 
lighting. ‘ 

THE CONTRACTION RESULTING FROM THE CLOSE 
PACKING OF ATOMS 


The demonstration of this principle requires a glass 
plate assembly with wire partitions bent in such a 
shape as to form a sort of “thermometer bulb and 
stem.’”’ Figure 9a shows the disordered array of shot 
confined within the “bulb” and extending nearly to the 
top of the “stem.” This condition is attained by hold- 
ing the assembly level and applying a rather vigorous 
agitation. By tilting the assembly very slightly away 
from the “stem” and applying a very gentle agitation, 
the shot falls into regular close packed order over most 
of the area of the “bulb” as may be seen in Figure 9b. 
The decrease in volume (area in this case since a two- 
dimensional model is being used) is made evident by the 
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Figure 10 


(a, above; 6b, below) 


descent of the shot in the “stem.’’ Bottom illumination 


for the photography is used in this case since the sil- 
houette effect best brings out the contrast between the 
ordered and disordered states of the shot. 


HOT AND COLD SHEARING OF METALS 


The deformation of metals, such as that accomplished 
by mechanical shears, is illustrated by preparing an 
assembly containing movable barriers formed by bent 
wires as shown in Figure 10a. The wires are arranged 
so that they can be moved in opposite directions and 
thus the shot trapped between them are forced to slide 
over one another until the point of complete separation 
is reached. With little or no agitation, the process cor- 
responds to cold shear, and during the process the shot 
in the immediate vicinity of the barrier edges forces the 
neighboring ordered domains into disorder as shown in 
Figure 10a. When the continuous action is followed on 
the screen, it is seen that the changes in shape of the 
mass are accomplished by slip (7) along the slip planes, 
dislocations (8), and by the formation of holes (9), some 
of which discontinuously migrate. When the demon- 
stration is repeated with more vigorous agitation the 
effect is analogous to the hot-shearing of metals and, 
when viewed on the screen, is in sharp contrast with the 
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“cold-shear” just previously illustrated. The fact is 
brought out that thermal agitation causes the slippage 
to occur more easily and the disorder and formation of 
small crystallites from the larger crystals is a more local 
process. (See Figure 10d.) Also, the imperfections, 
when formed, are thermally mended rather quickly. It 
will also be observed by one actually operating the 
shear wires in the assembly that much less force is re- 
quired to perform the shearing operation with the 
vibrator running than with it shut off as it is in the 
“cold shear’? demonstration. Here, again, bottom il- 
lumination is used to obtain the photographic record. 


SUBSTANCES THAT CRYSTALLIZE WITH DIFFICULTY 


The true metals crystallize rather easily because the 


~mobile units which must undergo rearrangement in a 


transformation from the chaotic to the crystalline state 
are single atoms of a spherical nature. These atoms may 
migrate by rotation over one another and form attach- 
ments from any angle of approach. There are, how- 
ever, a number of substances such as those that form 
glasses (10) (the metallic oxides for example) which 
crystallize very slowly. This is largely because there 
may be many choices of attachment between neigh- 
boring units or molecules that are chemically satis- 
factory from a local point of view but which would form 
arrangements not compatible with their neighbors in 
the formation of long range order. 

To demonstrate the effect of nonspherical units on 
the ease of crystallization, enough shot is glued together 
in sets of three to partly fill the glass plate assembly. 
(See Figure 11.) When the assembly is tilted, either 





Figure 11 


with or without agitation, the mass of shot “triplets” 
migrates to one side against the gasket. Figure 12 in- 
dicates the disordered arrangement into which the 
“triplets” invariably fell. And, even though the in- 
dividual sets of three are each a small part of a close 
packed order, the remaining amount of rearrangement 
necessary to form continuous order is so difficult to 
attain that even prolonged and careful agitation fails to 
produce more than a few small scattered areas of 
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Figure 12 


regular or “crystalline” arrangement. Thus one is im- 
pressed with the details involved in the natural growth 
of crystals from complex units or molecules. The shot 
used for this demonstration shows up best when sil- 
houetted against a light background; hence, bottom 
illumination is used for making the photographic rec- 
ord. 


CRYSTALLIZATION FROM SOLUTIONS 


The demonstrations so far described have neglected 
any attraction between the atoms other than that 
simulated by the force of gravity during the tilting of 
the assembly. 

In order to demonstrate the crystallization of metals 
from solution, it is necessary to have at least two kinds 
of atoms, one of which will separate from the other and 
crystallize while thermal agitation keeps the second kind 
in a chaotic or liquid state. This is accomplished for 
these demonstrations by inducing a preferential attrac- 
tion between the spheres of one kind, strong enough to 
withstand a certain amount of agitation. Letting lead 


; shot represent atoms of one kind and copper-plated 


steel shot the atoms of the second kind, the desired 
effect is created by placing several small “‘Alnico” mag- 
nets beneath the assembly, under the concealment of a 
sheet of black paper. As may be seen in Figure 13a, 
the steel shot collects over the magnets and gives the 
effect of a crystal growing from a nucleus or “seed.” 
It is to be observed that the steel shot “atoms” are 
collected on the “crystals” at the points of growth ac- 
cessible by the shortest path from the “solution,’”’ and 
that branched or dendritic growth results. Upon fur- 
ther growth the “precipitated crystals” lose their den- 
dritic character, and fill in to take on a massive form as 
shown in Figure 13b. It is interesting to observe on the 
screen the high degree of mobility of single atems as 
compared to aggregates of two or more. Although this 
is to be expected, from the relationship between‘mass 
and velocity established by the kinetic theory, yet, the 
demonstration is useful in suggesting that it is likely 
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that crystals grow from solutions largely through the 
migration of single atoms or molecules to the main body 
of the growing crystal, rather than by the migration of 
pre-regimented clusters through the solution and a sub- 
sequent welding together of the parts. By lowering the 
magnets from beneath the assembly and applying a 
vigorous agitation, the “crystals” may be dispersed or 
“dissolved.” One watching the process gets the im- 
pression that in certain cases, where there are natural 
planes of weakness inherent in the crystal structure, it is 
possible that some crystals do not dissolve at the sur- 
face, one atom at a time, but that dispersion may occur 
by the growth of nuclei of chaos within the crystal and 
it comes apart by pieces. Also, it is interesting to ob- 
serve that after a “crystal” has been “melted,” by re- 
moving the magnets, a surprising amount of agitation is 
required before the “‘atoms’” have disbursed from the 
sites of the crystals and diffused among the atoms of the 
solvent. In other words, points of high concentration of 
solute persist in the neighborhood of the old crystal 
sites and two possible results might be predicted: (a) 


Figure 13 
(a, above; 6, below) 





(a, left; b, middle; c, right) 


the local points of high concentration should have a 
higher crystallization temperature than a solution 
having a concentration of the average bulk material 
and, therefore, cyclic heating and cooling of a solution 
might give anticipated crystallization, 7. e., abnormally 
high precipitation temperatures (11); (b) the crystals 
formed on each cooling cycle may show a memory 
effect by forming at the sites of the crystals in the 
previous cooling. Obviously, top lighting is used for 
filming this demonstration, both to bring out the con- 
trast between the two kinds of shot and because an 
opaque background is required to conceal the magnets. 


LONG-CHAIN MOLECULES IN NONMETALLIC 
SYSTEMS 


With the object of showing that similar techniques 
may be used for systems that are not metallic, a de- 
scription is given here of a representation of long-chain 
molecules by the use of brass beaded pull-switch chain. 
As mentioned previously, in the description of appara- 
tus, this chain is cut into pieces of varying length and 
placed in a glass plate assembly with a spacing gasket of 
appropriate thickness. Figure 14a shows the random 
structure brought about by agitation. When the 
agitation is stopped and the frame tilted so that the 
chains slide to one side of the frame, crystalline domains 
are produced apparently by chance, as shown in Figure 
14b. These have a resemblance to figures applicable to 
the theories of crystalline domains or mycelle formations 
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in certain polymers as pre- 
sented by Herrmann and 
Gerngross (12). By cement- 
ing side chains, of three or 
four links in length, at in- 
tervals of eight or ten di- 
ameters along the length of 
each chain, a means is had 
for demonstrating the hin- 
drance to crystallization of 
high polymers caused by 
the presence of inert side 
chains. Figure 14c shows 
the relative scarcity of large 
mycelles with the side 
chains present. 


The authors are indebted to the Utah Engineering 
Experiment Station, under the direction of Dr. J. 
Hugh Hamilton, and te the Department of Metallurgy 
of the University of Utah, headed by Dr. John R. 
Lewis, for support and materials for this investigation. 
Also, we are indebted to the Office of Naval Research 
for partial use of a grant made for “The Study of Creep 
Flow and Failure of Metals,” directed by Deans Henry 
Eyring and Carl J. Christensen. 
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RELATIVE VAPOR PRESSURES 


From Fred Y. Herron, of the University of Pittsburgh, comes a suggestion for 
the well-known demonstration of relative vapor pressures of different liquids. 
Instead of a bent pipet to introduce the liquid into the barometer tube, use a 
glass-plunger syringe with a bent hypodermic needle, thus avoiding the inclusion of 


air bubbles. 
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EASTMAN KODAK COMPANY 


Aerial View of Tennessee Eastman Corporation Plant at Kingsport, Tennessee. 


Pi:rwaps no field of science has contributed more to 
our general welfare and standard of living than that of 
chemistry. It has given us better food, better cloth- 
ing, better homes, better health, new industries, greater 
recreational facilities, and a host of other things. Like- 
wise, in no small sense, it has given to the world the 
art and science of photography as we know and enjoy 
it today. Like chemistry, photography is still a chal- 
lenge to the minds and abilities of many able scientists. 

George Eastman was not a chemist nor did he ever 
study the subject seriously, but he knew and appre- 
ciated its importance to the science of photography. 
Early in the history of the Eastman Kodak Company 
(1886), he employed a young chemist to study and 
undertake research on chemical problems related to 
film manufacture. In fact it has been stated that 
Eastman was among the first to appreciate the full 
significance of chemical research to industry and to 


J. H. HOWARD 
Eastman Kodak Company, Rochester, New York 


employ a trained chemist to work solely in industrial 
research. Certainly this understanding and persistent 
effort in the field of research by Eastman is responsible 
for much of the photographic progress which has been 
made and which in turn has contributed so much to 
advances in education, industry, medicine, and science, 
and to your enjoyment and entertainment. 

One of the most significant chapters of the story be- 
hind this progress was the organization and establish- 
ment of the Kodak Research Laboratories under the 
direction of Dr. C. E. K. Mees in 1912. Since then, 
the Research Laboratories have been vital to the prog- 
ress of the company, and have been largely responsible 
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Oxidation of Cellulose with Oxides of Nitrogen to Produce a Homostatic, 
Absorbable Surgical Packing. 


for the major advances made in the photographic field. 
As contrasted to its staff of 17 employees in 1913, the 
Research Laboratories now employ over 600 individuals, 
approximately one-half of whom are trained scientists 
with a university degree. Other research laboratories 
have since been established by the company and its 
subsidiaries including the research laboratories of the 
Tennessee Eastman Corporation at Kingsport, Tennes- 
see, the research laboratories associated with Kodak 
Limited in London, the research laboratories of Kodak 
Pathé in France, and the tropical testing laboratory 
operated by Kodak Panama, Limited. 

The products of research have been numerous and 
varied since Eastman launched his photographic dry 
plate business in 1880. Listed below are a few of the 
highlights of this progress. 


1880—George Eastman launched photographic dry plate busi- 
ness in Rochester, New York. 

1884—Paper based roll film. 

1888—No. 1 Kodak camera. 

1889—Transparent roll film. 

1896—Motion picture positive film. 

1900—Brownie camera. 

1909—Cellulose acetate (safety) films. 

1913—Panchromatic movie film. 

1914—X-ray film. 

1923—Home movies on 16-mm. film. 

1928—Amateur color movies. 

1935—Kodachrome film for color pictures. 

1938—Lens coating (““Lumenizing” ). 

1941—Color prints from Kodachrome transparencies. 

1942—Kodacolor film for color photographs. 

1946—Ektachrome film for color photography. 


Today there are many hundreds of sizes and types of 
photographic films, papers, and chemicals manufac- 
tured at the company’s Kodak Park plant in Rochester. 
Film and photographic plate production includes 85- 
roll, 100-sheet, and 10-film pack sizes, 9 amateur and 
40 professional types of movie films, and 40 different 


kinds of plates in 45 sizes. There are 35 types of photo- 
graphic paper cut into 1000 different sizes of sheets and 
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rolls, and packaged into 20,000 types of packaging. 
Chemical products from Kodak Park also include 160 
types of chemicals for photography, 3000 synthetic 
chemicals for research, and 500 miscellaneous chemicals, 
In addition, the Tennessee Eastman Corporation pro- 
duces many more organic chemicals of commercial 
importance. 


CHEMISTRY IN PHOTOGRAPHY 


Chemistry is the principal science underlying the de- 
velopment, production, and processing of sensitized 
photographic materials such as film and paper. The 
Research Laboratories are naturally the center of much 
of the research in chemistry undertaken by the com- 
pany, especially that of a fundamental nature, but ap- 
proximately 50 per cent of the experimental and 
developmental programs involving chemistry are 
carried on in investigational and developmental labora- 
tories associated with the manufacturing departments. 
Basically, the manufacture of sensitized photographic 


materials consists of the purification and modification J 


of raw materials such as cellulose, gelatin, and silver. 
The problem, however, is twofold. Not only must 
the goods be produced, but the scientific principles 
involved and the theory of the photographic process 
must be thoroughly understood. The preparation 
and processing of a color film provide a typical example 
of these two considerations as well as an interesting 
illustration of a variety of applications of chemistry 
in photography. 

In a color film, as in any photographic film, the photo- 
graphic emulsion is the sensitive element. This emul- 
sion is a dispersion of silver bromide grains in gelatin, 
and the photographically sensitive properties of the 
emulsion depend not only upon the manner in which 
the raw materials are prepared and purified, but also 
upon the way in which the silver bromide is colloidally 
precipitated. The film support on which the emulsion 
is coated is obtained by treating cotton linters chemi- 
cally to produce a cellulose nitrate or a cellulose acetate 
ester, and the formation and physical properties of these 
esters, which require the applications of high polymer 
chemistry, are important to the quality and characteris- 
tics of the final film product. Incorporated in the emul- 
sion or in the solution in which the film is later proc- 
essed are the color-forming organic compounds which 
produce the dyes of the colored image. These con- 
pounds are very complex in structure and their synthe 
sis involves many organic chemical operations. ‘The 
processing of the film consists of a sequence of steps, 
each of which is a chemical reaction which must be very 
carefully controlled in order to produce satisfactory 
results in the final color picture. 

All four of the major fields of chemistry are important 
to photography. Although the applications of organic 
and physical chemistry are perhaps more extensive and 
diversified, analytical and inorganic chemistry are 
nevertheless very useful and essential to the research, 
development, and manufacturing activities. Many 
of the applications of chemistry are of a familiar and 
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Some of the Distillation Apparatus Used in the Production of Eastman 
Organic Chemicals. 


well-known nature, involving studies relating to colloid 
chemistry, synthetic organic chemistry, high polymer 
chemistry, instrumental analysis, and other similar di- 
visions of chemistry. However, some of the most im- 
portant and interesting applications of chemistry, such 
as emulsion chemistry, photographic chemistry, and the 
chemistry of color photography, are unique and pe- 
culiar to photography. 


ORGANIC CHEMISTRY 


In the field of organic chemistry, synthetic work of 
both a fundamental and applied nature is undertaken 
in connection with the preparation of compounds for 
photographic products and processes. The develop- 
ment of this research program supplemented by re- 
search to apply new dye compounds to photographic 
problems has resulted in the wide range of sensitized 
products available today. In connection with the 
huge volume of synthetic work being done in the field, 
one group alone has studied several thousand dye com- 
pounds to relate construction and configuration of the 
molecule with the actual color of the dye formed. 
Much of this work has been published. A large re- 
search program is also concerned with the development 
of new organic dyes for the coloration of cellulose ester 
textiles. 

Considerable scientific study is done in the Kodak 
Research Laboratories in the field of polymeric com- 
pounds, both natural and synthetic. Typical of this 
type of research on natural products is the preparation 
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of derivatives of cellulose and gelatin and the study of 
their properties. In the field of synthetic polymers, 
organic chemists prepare monomers, carrying out poly- 
merization studies, and prepare derivatives of high- 
molecular-weight compounds. 

One of the interesting and important nonphoto- 
graphic products resulting from research in cellulose 
is oxycel, a compound now being manufactured by the 
Tennessee Eastman Corporation for pharmaceutical 
and medical use. The chemical properties which per- 
mit it to be absorbed harmlessly into the blood stream 
make it of unusual value for surgical dressings and 
bandages. 

An important technical group manufactures the 
Eastman Organic Chemicals for research purposes. 
This department is staffed almost entirely with organic 
chemists. In synthetic operations ranging from test 
tube to 100-gallon batch size, the organic chemist has 
every opportunity to make use of his training and inge- 
nuity, because the tremendous diversity of product calls 
for practically every type of organic reaction. This 
department is also extremely important in connection 
with the production of chemicals essential to the manu- 
facture of photographic films and papers. 


PHYSICAL CHEMISTRY 


Physical chemistry is likewise important in the re- 
search and development work of the Research Labora- 


To Take a Picture in 1870 Required a Large Tripod Camera and 
Portable Darkroom. The Photographic Plate Had to Be Made Just 
Prior to Exposure and Developed Immediately Thereafter. 





View of the Research Laboratories, Eastman Kodak Company, at Kodak Park, in Rochester, New York. 


tories and in the manufacturing departments of the 
company. Fundamental studies are made of the be- 
havior of materials used in the production of sensitized 
goods and other products. For example, work is done 
on the electrochemistry of aqueous systems of gelatin 
and silver ions, and potentiometric and polarographic 
studies are made of oxidation-reduction systems and of 
reactions occurring in color and black-and-white photo- 
graphic development. The mass spectrometer is used 
as an analytical tool. Studies utilizing infrared spec- 
trometry and X-ray and electron diffraction methods 
for the determination of the structure of organic and 
inorganic materials have been highly valuable. 
Physicochemical investigations of high polymers in- 
volve thermodynamic and statistical mechanical studies 
of properties of polymer solutions and gels. Other 
physicochemical research is done in connection with 
the problems of photographic theory. Such studies 
include the investigation of the properties and disper- 
sions of silver halides, the photochemistry and the 
mechanism of optical sensitizing of photographic emul- 
sions, measurements of luminescence characteristics of 
phosphors, and investigations of the mechanism of 
chemical development of photographic emulsions. 


ANALYTICAL AND INORGANIC CHEMISTRY 


Analytical chemistry, as a tool for quality control, 
has assumed an important role. The chemical control 
problems encountered in the production of sensitized 
photographic goods are quite specific and are in many 
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cases peculiar to the photo- 
graphic industry. For this 
reason, research work on 
analytical methods is im- 
portant and represents a 
significant part of the work 
being done in chemical 
research. A wide range of 
modern physical and chemi- 
cal apparatus is available 
for the studies. .For ex- 
ample, spectroscopic, polar- 
ographic, and _ potentio- 
metric methods are all used. 
A large number of quanti- 
tative micro-organic analyt- 
ical determinations are 
made. Special techniques 
have been developed such 
as for the determination of 
extremely minute amounts 
of silver and mercury in 
both simple and complex 
systems as found in photo- 
graphic emulsions. There 
are also special problems 
in inorganic chemistry such 
as those concerned with 
the development of methods 
to purify rare earth oxides 
for their use in Kodak special glass and to purify NaCN 
containing the C* isotope. 

Increasing use is being made of infrared, ultraviolet, 
and flame spectroscopy as well as other now common 
instrumental methods. The analysis of solvent mix- 
tures is very important in the preparation of film base. 
The checking of specifications and assaying of raw 
materials is another extensive and valuable use of ana- 
lytical chemistry. 


SPECIALIZED APPLICATIONS 


Photographic research and production lead into many 
specialized areas of chemistry and physics, many of 


which have interesting overlaps. For instance, re- 
search in the photoconductance of silver halides and in 
the dielectric properties of phosphors involves investi- 
gation into the studies in the chemistry and physics of 


the solid state. The graphic arts field, which involves & 


photomechanical reproduction, requires investigation 
of processes by which pictures for papers and magazines 
are reproduced from the original photographic record. 
Photomicrography, or the photography of metallurgical 
and biological sections under high magnification, requires 
many considerations of a chemical nature. Photo- 
graphic chemistry and color photography have already 
been mentioned as areas of work where chemistry 
serves to advance photography, and there are other 
fields where the applications of chemistry are of unique 
interest. Research in photographic chemistry, for 
instance, has led to a high speed processing procedure 
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which permits motion picture film to be processed for 
projection within a time range of a few minutes. This 
technique was of great value during the war and prom- 
ises to assume an important role in photography. 


Chemistry, while important, cannot work alone to 
solve the many technical problems associated with the 
photographic industry, or to provide the entire basis for 
scientific advancement in the photographic field. The 
principles of physics as they relate to optics, electricity, 
electronics, colorimetry, spectrophotometry and spec- 
troscopy, electronmicroscopy, X-rays and radiography, 
nucleonics, and engineering physics are of great impor- 
tance to much of Kodak’s research and manufacturing. 
Likewise, thcre are major problems involving chemical 
engineering, mechanical engineering, electrical engineer- 
ing, and metallurgical engineering. Many of these 
fields of science and engineering are often teamed with 
chemistry or with one or more of themselves before an 
adequate solution to a problem is evolved. 


Not all of the applications of chemistry in the com- 
pany are restricted solely to the problems of photog- 
raphy and photographic manufacturing. The Re- 
search Laboratories in Rochester have undertaken the 
production and separation of the isotopes of C’* and 
N' in order to make these materials available for 
scientific research generally. The Tennessee Eastman 
Corporation at Kingsport, Tennessee, an associated 
company, is and has been for a number of years, an 
important research and manufacturing organization. 
It represents at present the second largest manufactur- 
ing division of the company, employs approximately 
8000 persons, and has become a major world producer 
of estron (man-made cellulose acetate yarn), cellulose 
acetate plastics, acetate dyestuffs, hydroquinone, and 
the many important Eastman Industrial Chemicals. 
Its growth during its short 25-year history from a 
small plant to produce alcohol for film manufacturing 
purposes to its present position in the chemical manu- 
facturing field has been one of real importance, and a 
growth which emphasizes how research and develop- 
ment in chemistry and in chemical engineering can 
produce entirely new industries. 


Another interesting nonphotographic manufacturing, 
development, and research activity is conducted by 
the Distillation Products Industries, a division of the 
Eastman Kodak Company. This organization is 
f engaged in the research and development of high- 
vacuum techniques, and in the production of high- 
vacuum equipment, vitamin concentrates, chemicals, 
and other products utilizing these techniques. Its 
origin, however, is another interesting ramification of 
chemical research. A group of research chemists 
engaged in studying film support problems found it 
necessary to develop more effective means to obtain 
reduced pressures for experimental work. This led 
them into research involving high-vacuum pumps and 
chambers, and the results of this research produced‘not 
only improved types of high-vacuum pumps, but also 
vitamin concentrates and other products. 


GENERAL ORGANIZATION 


The principal activities associated with the research, 
development, and manufacture of photographic goods 
are centralized at Rochester, New York. Here, the 
company operates three large photographic manufac- 
turing plants and performs its important business, 
sales, advertising, and general management functions. 
The largest of these plants and the largest of all of 
Kodak’s manufacturing organizations is the Kodak 
Park Works. Approximately 18,000 are employed at 
Kodak Park in the research, development, or manu- 
facture of a wide range of photographic sensitized film 
and paper products, photographic and synthetic organic 
chemicals, acetate sheeting, and other chemical prod- 
ucts sold by the company. These operations are 
spread over about 400 acres of ground, the plant area 
being about a half mile wide by two and a quarter miles 
long. The 10 miles of streets within Kodak Park are 
paved and are constantly sprinkled to guard, not 
against dust which is unpleasant, but against dust that 
endangers perfect pictures. Elaborate equipment for 
washing and filtering air is necessary to protect the 
photographic materials from dirt. Many of Kodak 
Park’s operations are highly specialized and are peculiar 
to the photographic industry. Consequently, a large 
amount of the design and fabrication or construction of 
the buildings, machinery, and equipment required for 
the manufacture, testing, and processing of the product 
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Rigidity of Gelatins Placed between Concentric Cylinders in This 
Apparatus Is Measured by Vibration at the Resonant Frequency. 
This Helps Determine Behavior of the Gelatin in Photographic Emul- 
sions. 


is performed within the plant. Kodak’s other two 
Rochester manufacturing plants for photographic 
products, the Camera Works and the Hawk Eye Works, 
employ approximately 6000 additional persons for 
research, development, and production of such products 
as optical glass, lens components, special optical- 
mechanical equipment, cameras, projectors, darkroom 
equipment, and hundreds of other items of photographic 
equipment and supplies. In addition to its Rochester 
plants, the company and its subsidiaries operate manu- 
facturing units in Tennessee, Massachusetts, and Illi- 
nois, and in Canada, England, France, Germany, and 
Australia. Stations for the processing of amateur 
motion picture film and amateur color film have also 
been established in a large number of other cities in the 
United States and in other countries throughout the 
world. Kodak employs about 42,000 in the United 
States; throughout the world this employment approxi- 
mates 60,000. 


EMPLOYMENT OPPORTUNITIES AND TRAINING 


Opportunities for young chemists in the Eastman 
Kodak Company and its subsidiary companies are as 
varied as the applications of chemistry itself. The 
initial assignment is usually in one of the many research 
or development laboratories throughout the company, 
or in the laboratory of one of the many production 


departments. Generally speaking, most of the oppor- 
tunities are for young men who have just completed 
their professional training in the field of chemistry, 
although it is occasionally necessary under unusual 
circumstances to employ a chemist with industrial or 
specialized research experience. This would be particu- 
larly true for advanced research studies in those areas 
where the company has had only limited experience 
with the result that an adequate background of training 
and preparation would not normally be found from 
within the organization. 
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The young chemist upon his employment is usually 
not assigned to any formal training program, although 
he is prepared in different ways for the work which he 
will perform. In many departments, including the 
Research Laboratories, this is accomplished by his 
assignment to regular duties on a definite job under the 
guidance and supervision of experienced men. In other 
instances, where it may be necessary to familiarize the 
young chemist with photography or with certain of our 
unusual operations, special training programs have been 
designed for the purpose or are developed to satisfy the 
individual’s particular requirements. 

A number of additional training opportunities are 
available to many of the new employees. A series of 
general company lectures each year provides a back- 
ground for understanding more fully the general opera- 
tions, growth, and practices of the company, and the 
nature and use of the products which it manufactures. 
Special training courses and lecture and conference 
programs in the various plants and laboratories deal 
with plant policies, safety, sales principles, and super- 
visory techniques. Instruction in the basic and special 
branches of photography is provided certain Kodak 
people through regular classes conducted by a photo- 
graphic training department. 


INDUSTRIAL RELATIONS 


Promotion from within the company is a basic part 
of Kodak’s industrial relations policy. Each individual 
has the opportunity, on the basis of demonstrated 
ability, to qualify for advancement to positions of 
increasing responsibility. Practically all major execu- 
tives, many of whom came directly to Kodak from 
school, have spent a large part of their working lives 
with the company. Some are relatively young men, 
and today with increasing frequency young profession- 
ally trained persons are being promoted to supervisory 
positions and to major staff and management assign- 
ments. 

Kodak’s comprehensive industrial relations program 
has undoubtedly contributed much to the success and 
prestige the company enjoys. Many of the industrial 
relations policies and benefit plans were pioneered by 
George Eastman himself. Programs providing for 
life insurance, retirement annuities, total and perma- 
nent disability benefits, sickness allowances, vacation, 
and wage dividends have been established for many 
years. Together with careful production planning to 
eliminate the effects on production of seasonal demand, 
they have helped to establish pleasant and stable work- 
ing conditions which have long been an accepted fact 
to Kodak people. It is interesting to note that for 
every dollar paid for wages during 1948 the company 
spent twenty-three cents in addition for the welfare 
of its working family as represented by these benefit 
programs. 

Important among those factors contributing to the 
growth of the scientists, engineers, and other profes- 
sionally trained men at Kodak is the company’s publica- 
tion policy and its desire to encourage its men to partic- 
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ipate in the activities of professional societies. Kodak’s 
scientists and engineers may be seen at practically all 
the major technical and scientific meetings, and their 
publications appear in many journals. The Research 
Laboratories publish a special Monthly Abstract Bulletin 
to summarize the current photographic literature and to 
report scientific progress of interest to the company. 


WHAT ABOUT THE FUTURE 


The photographic progress initiated by George East- 
man approximately 70 years ago continues steadily. 
The increased scope of photography, derived from the 
development of new photographic applications in all 
walks of life, and an overwhelming increase in the use of 
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photographic color products, are factors and forces 
which are bringing about changes in the photographic 
industry greater than any since the advent of the motion 
picture. These changes have been accompanied by a 
swift increase in the complexity of the operations and-a 
correspondingly greater need for men of unusual imag- 
ination, competence, and technical skill. 

It will be the young men of tomorrow upon whom the 
company must depend to meet these demands and to 
provide for continued and future success of the organi- 
zation. The photographic industry as never before 
offers a challenge to the best of our young men and 
opportunities for growth and development that are 
second to none. 





HYDROGEN DEMONSTRATION CANNON MADE OF GLASS 


A sEcTION of pyrex tubing 1'/: in. or 2 in. in diameter 
about 12 in. long should be wrapped lengthwise and 
crosswise about every inch or so with */,-in. Scotch 
tape. Close one end of the tube with a solid rubber 
stopper through which copper electrodes (heavy copper 
wire, insulated outside of stopper) have been forced 
about two inches. The tips of the electrodes should be 
adjusted so that they are about '/, in. apart. The ends 
outside the stopper (terminals) should be long enough to 
make suitable connections with a high frequency source. 

Clamp this end of the tube vertically and solidly 
against the base of a heavy ringstand. Fit the top end 
(mouth of the cannon) with a suitable cork stopper 
which is well coated with petroleum jelly or stopcock 
grease. A festoon of colored paper strips or ribbons may 
be fastened to the outside surface of the cork—the bet- 
ter to follow the cork in flight. 

With the cork removed, run hydrogen for about 30 
seconds from a generator (e. g.; Kipp) down the mouth 
of the cannon through a glass tube that-will reach to the 
bottom. Oxygen need not be added—for the air in the 
tube will usually be sufficient to form an explosive mix- 
ture with the hydrogen thus added. Shut off the gen- 
erator. Remove the nozzle. Stopper the mouth of the 
cannon quickly and firmly, but not tightly. Then, place 
the generator at a safe distance from the cannon and 
also from the high-frequency source. 

Connections from a high-frequency source (e. g., a 
Model-T Ford spark coil) should be ready to be fas- 
tened to the electrode terninals. It is advisable to use a 
switch on an extension cora, . +: to stand at a safe dis- 
tance from the cannon before closing the circuit. Be 
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prepared for a loud report when the cannon is fired— 
and make sure that the festooned cork has a free path to 
the ceiling. 

This demonstration gives striking proof of the dan- 
gerous as well as the powerful explosive force of an ig- 
nited mixture of hydrogen and air. Students usually 
inquire why it is that the cork is blown out of the can- 
non, instead of being drawn into it. 

It is highly advisable to disconnect the high-fre- 
quency source, and examine the pyrex tube carefully for 
cracks, before reloading and firing the cannon again. 





THEORY OF CORROSION FOR ENGINEERS 


Misr textbooks on chemistry and metallurgy are too 
brief on the theory of corrosion while the more complete 
works on corrosion are too lengthy for the time most 
students can allow to the subject. The purpose of this 
paper is to give engineering students a brief survey of the 
theory of corrosion and its application intermediate 
between the two extremes. This paper is necessarily 
brief and gives only one or two examples to illustrate 
each point but should be sufficient to give the student 
the necessary background to apply the theory and see 
other examples as he encounters them in his work. 

The importance of the prevention of corrosion is evi- 
dent since it is a major cause of structural failures in 
bridges, machines, aircraft, automobiles, etc. Its cost 
yearly is tremendous not to consider the loss of lives 
and injuries caused by such failures. It is evident that 
if engineers are to design and maintain structures 
properly they must keep corrosion in mind. An under- 
standing of the fundamentals of corrosion and the 
factors influencing it are necessary if failures due to 
corrosion are to be kept at a minimum. 

One could hardly seriously ask the question, ‘‘Why 
. do metals corrode?” since the occurrence of metals in 
nature as compounds rather than pure metals in all 
cases except the noble metals indicates that the com- 
bined form is the more stable. It is rather more sur- 
prising that metals corrode as slowly as they do. Cor- 
rosion then naturally takes place when the environment 
affords the metal a chance to combine with other ele- 
ments. 


ELECTROCHEMICAL THEORY OF CORROSION 


Fundamentally the rusting or corrosion process is one 
in which electrons are lost by metallic atoms which then 
become positive ions. 


Fe = Fett + 2 electrons (Reaction 1) 


The area where the metallic atoms lose electrons and 
become ions is called the anodic area and this reaction 
the anodic reaction. The area where the electrons are 
used is another chemical reaction called the cathodic 
area and this reaction the cathodic reaction. Since 
metals are good conductors of electrons these areas may 
be separated if environmental conditions warrant such.? 





1 Present address, Hancock Research Foundation, University 
of Southern California, Los Angeles, California. 

? All corrosion is essentially electrochemical in nature since 
electrons are always transferred from the metal to some reducible 
substance but some prefer to view corrosion as electrochemical 
only when the anodic and cathodic areas are separated by a dis- 
cernible distance. If the corrosion is uniform over the entire 
surface they prefer to call it direct chemical attack. 


WILSON L. ORR' and HENRY A. STAFFORD 


University of Southern California, School o 
Aeronautics, Santa Maria, California 


An anodic and cathodic reaction is always necessary 
if corrosion is to take place since the metal cannot lose 
electrons unless some other substance can accept them. 
If the metal is in an acid solution the cathodic reaction 
is usually 


wy 


2H;0+* + 2 electrons = H, + 2H:0 (Reaction 2) 


The symbol H;0+* is used here as anhydrated ion 
because the proton, H+ exists. Probably the most ac- 
curate representation would be H(H:0),+, but H;0+ 
and simply H+ are the most frequently used symbols. 





TABLE 1 
Electromotive Series 


Oxida- 
tion 
poten- 
tial 
+ e— 3.02 Co 
+ e— 2.92 Ni 
2.87 Sn 
2.71 Pb 





Reaction 
Li = Lit 
K = Kt 
Ca = Catt + 2e- 
Na = Nat + e- 
Mg = Mg** + 2e- 
Be = Bett + 2e- 
Al = Alt*++ + 3e- 
Mn = Mn** + 2e- 
Zn =Znt+ + 2e- 
Cr = Cr+t++ + 3e- 


Reaction 

= Cott + 2e- 
= Nit*+ + 2e- 
= Sntt + 2e- 
= Pbt+ + 2e- 
2.34 H, = 2H* + 2e- 
1.70 Cu = Cut*+ + 2e- 
1.67 Fet+ = Fet+*+ e- 
1.05 =Agt + e7 
0.76 = Hgt+ + 2e- 
0.71 = Ptt+ + 2e- 
Fe = Fet+ +2e- 0.44 = 0.4H*++ 4e- 


Cd = Cd*+ +2e- 0.40 Au = Aut + e~ —1.68 


It should be noted that the potential values given in this table 
apply only to the condition where the metal is in contact with 
a solution in which the activity (activity means effective con- 
centration ) of the ion indicated is one mole per 1000 g. of water. 
a soy other solution, different values for the potential would 

evelop. 

The student is referred to any general or physical chemistry 
textbook for details on how the values of the oxidation potential 
are measured. 

Notice the oxidation potential of H: is arbitrarily taken as 
zero and all others are measured in reference to hydrogen. 

(Example) The listed oxidation potential for zinc is 0.76 which 
means that the reaction, Zn = Zn*+ + 2e-, tends to proceed 
toward the right (oxidation) with sufficient energy to drive the 
reaction, H; = 2H* + 2e-, toward the left (reduction) with a 
net electromotive force of 0.76 volt for the combined reaction, 
where zinc is in contact with a solution of unit activity (effective 
concentration of one mole per 1000 g. of water) in Zn**, and 
He gas at one atmosphere pressure in contact with a solution of 
unit activity in H*. 





However, in engineering we are usually more inter- 
ested in atmospheric corrosion where the usual cathodic 
reaction is 

O, + 2H,0 + 4 electrons = 40H- (Reaction 3) 


It is also necessary that ions charged atoms or 
groups of atoms as Fe++ and OH~ migrate from the 
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position where they are formed and pair off with ions 
of the opposite charge so there is no great accumulation 
of charge in any area. Ions migrate rapidly and easily 
in solution but much slower along the surface of dry 
metals. Therefore metals in solutions may develop 
anodic and cathodic areas quite far apart but in the 
atmosphere they will usually be closer together. 

Metals differ considerably in their tendency to lose 
electrons and become ions (oxidation potential). The 
electromotive series places metals in a series according 
to their tendency to lose electrons. Those having the 
greatest tendency to lose electrons (highest oxidation 
potential) are at the top of the series and those with 
little tendency at the bottom. Then the higher a metal 
in the electromotive series the greater is its tendency to 
lose electrons, 7. e., to become oxidized. Oxidation in 
this sense is not limited to union with oxygen but refers 
to the process of losing electrons whether to oxygen or 
any other substance. 

The position of a metal in the electromotive series 
(Table 1), while very useful, cannot be accepted as an 
absolute indication of its activity in reference to other 
metals under all conditions because the environment is 
also a determining factor and the laboratory measure- 
ments of oxidation potentials are under different con- 
ditions from those encountered in the actual use of the 
metal. 

The galvanic series (Table 4) is of more value, as far 
as corrosion is concerned, than the electromotive series. 
The galvanic series has basic characteristics which make 
it analogous to the electromotive series but it takes into 
consideration over-all and practical aspects. It is 
based on experience in corrosion testing under actual 
operating conditions in numerous corrosives and on 
practical results with metals and alloys in service. 
However, since different environments cause the poten- 
tial to shift, this series will not allow absolute predictions 
of galvanic action in all corrosive environments. 

There are other factors such as crystal size, strains, 
type of surface, surface films of corrosion products, 
etc., that tend to either raise or lower the potential. 
When any factor causes a metal to behave electro- 
chemically as though it should be lower in the galvanic 
series than it actually is, it is said to be in a passive 
condition. Metallurgists often put metals in the series 
for both active and passive condition where the pas- 
sivity is established by certain treatments or specific 
factors of the environment so the position can be defi- 
nitely established. Notice in the galvanic series (Table 
2) the chromium-iron, nickel, and 18-8 chromium- 
nickel-iron alloys are listed for both active and passive 
condition. 

In general the rate of corrosion will be greater, the 
greater the potential difference in the various areas of 
the metal as caused by strain, surface coating, crystal 
structure, inclusions, contact with another metal or 
differences in environment in different areas. Oxida- 
tion (anodic reaction) will take place where the potential 
is the highest and reduction (cathodic reaction) at the 
centers of lowest potential. 





TABLE 2 
Galvanic Series of Metals and Alloys 
as end (anodic or least noble) 





Tron or Steel 

Cast Iron 

Chromium-iron (active) 

18-8 chromium-nickel-iron (active) 
Lead-tin solders 

Lead 


Tin 

Nickel (active) 
Inconel (active) 
Brasses 

as an 


Copper-niskel — 
Nickel ( 
Inconel ——. 
hromium-iron (passive) 
18-8 chromium-nickel-iron (passive) 
Silver 
Gold 
Platinum 
Protected end (cathodic, or most noble) 





FACTORS INFLUENCING CORROSION 


By use of the ferroxyl indicator® (5) we can actually 
see where these areas develop and therefore observe 
how various conditions, such as strain, cause corrosion 
to be accelerated in iron and steel. The ferroxyl indi- 
cator is an agar-agar gel containing potassium ferricya- 
nide and phenolphthalein.‘ The ferricyanide ion reacts 
with the Fe++ ions as they are formed and migrate into 
the gel forming a blue color due to Fes[Fe(CN).ls 
and the phenolphthalein forms a red color in the presence 
of hydroxy] ions formed by the cathodic reaction. 

If we place an ordinary iron nail in this gel and allow 
it to stand a few hours we can observe the development 
of the anodic and cathodic areas as shown in Figure 1. 








\ 


Iron Nail in Ferroxyl Gel 
horizontal lines indicate cath- 


Figure 1. 
Diagonal lines indicate anode (blue); 
ode (red). 


The position of the blue color indicates very clearly that 
iron in a strained condition is more susceptible to cor- 
rosion (that is more anodic) since its formation on the 
nail is at the spots where strain would have resulted 
from the forming of the nail. To demonstrate this 


3 A similar reagent for demonstrating the corrosion of aluminum 
and aluminum alloys can be used (7). 

4 Although Meldrum (5) does not mention the use of NaCl in 
the reagent, it is often added since it increases the rate of corrosion 
and therefore the colored areas appear in a shorter time. 
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further, if we place a bent nail in this gel we observe 
results as shown in Figure 2. Here again we observe 
that the strained areas are more anodic than the un- 
strained areas. 


Figure 2. Bent Iron Nail 
Diagonal lines indicate anode 
(blue); horizontal lines indicate 
cathode (red). 


The position of the red areas (cathodic areas) will in 
general be at the points having the lowest oxidation 
potential, 7. ¢., the least tendency to lose electrons. In 
Figures 1 and 2 this is the unstrained iron. The ca- 
thodic areas are usually larger than the anodic areas. If 
other materials of very low potential, such as slag in- 
clusions, surface films, or less active metals, are present 
they will be the centers of the cathodic reaction. We 
may demonstrate this by attaching a less active metal, 
copper, to iron and observe its corrosion in the ferroxyl 
gel (Figure 3). The metal of lowest oxidation potential 


Figure 3. Iron Nail Wound with Copper Wire 


Diagonal lines indicate anode (blue); 
ode (red). 


horizontal lines indicate cath- 


(copper) becomes the cathodic area and the iron the 
anodic area. If we place zinc in contact with iron we 
observe the same type of behavior except in this case the 
iron is the metal of lower potential and therefore be- 
comes the cathodic area, while the zinc undergoes the 
anodic reaction 


Zn = Zn*t + 2e- (Reaction 4) 


A white area composed of zinc ferricyanide develops 
around the zinc (Figure 4). 


3Zn*++ + 2 Fe(CN).--~- = Zns[Fe(CN)s]e 


If the rate of corrosion is observed by the time re- 
quired for these colors to develop it will be noted that 
the greater the difference in potential of the anodic 
and cathodic material the more rapid the corrosion. 
When the potential difference is between two metals, as 
in the two examples just cited, the corrosion is known 
as galvanic action. 

Differences in potential can also be set up by differ- 
ences in concentration of substances in contact with the 
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metal. If we take a piece of polished iron or steel which 
is free from any strain and partially immerse it in salt 
water, corrosion proceeds much faster than if it is 
completely immersed. On this uniform surface all the 
metal should have the same tendency to lose electrons, 
but at the air-water junction there is a much higher 
concentration of oxygen and water which is necessary 
to remove electrons by Reaction 3; therefore this 
reaction has the greatest tendency to take place at this 
point. Another factor that makes the reaction proceed 
is the ease with which Fe++ ions can be removed as 
formed from the submerged part of the iron because the 
negative Cl- ions exert an electrostatic force on them 
and help pull them into the solution. It is not neces- 
sary to have an electrolyte in the water although it 
greatly speeds up the corrosion. Even in pure water, 
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Figure 4. Iron Nail through Zinc in Ferroxyl Cell 


Diagonal lines indicate anode (white); 
ode (red). 


horizontal lines indicate cath- 


due to the polar nature of water, the ferrous ions can 
go into and move through the solution much faster 
than along the surface of the metal in air, 

At the water-air junction hydroxy] ions are formed by 
Reaction 3, and in the submersed portion of the iron 
ferrous ions are formed and go into solution. Some 
of these Fe+* are oxidized to Fe+++ ions by the oxygen. 
A precipitate of Fe(OH): and Fe(OH); forms when the 
concentration of the ions exceeds the solubility product 
constant for Fe(OH), and Fe(OH);. The Fe(OH); 
in this precipitate may then be further oxidized to 
Fe(OH);. Whether the initial precipitate is largely 
Fe(OH): or Fe(OH); depends on the relative concen- 
trations of Fe++ and Fe+++ ions. Most of this “rust” 
will form in the solution but that which does form on the 
metal will accumulate at the boundary between the 
anodic and cathodic areas. Complete equations for 
rust formation from iron are given below. 

Fe++ + 20H- = Fe(OH); and 
4Fe++ + 2H,O + O, = 4Fet++ + 4OH- 
4Fe(OH) + 0; + 2H;0 = 4Fe(OH), and 

Fe+++ + 30H- = Fe(OH); 


Notice if 2Fe(OH); is written as a hydrated oxide 
instead of a hydroxide it is Fe,0;-3H:O which is the 
formula usually given for rust. 

Localized anodic and cathodic areas will not exist if 
the metal is pure, smooth, free from strain, and exposed 
to a uniform environment. In this case both reactions 
(3) and (2) should take place uniformly over the entire 
surface producing a uniform film of corrosion product. 
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This uniform film offers considerable protection to the 
underlying metal by separating it from the environ- 
ment. The extent to which such a uniform film pro- 
tects the metal depends on how firmly it adheres to the 
metal, 7. e., how easily it is chipped and flakes off. 

If the film is chipped or flakes off then the difference 
in potential between the oxide film and the exposed free 
metal are sufficient to accelerate corrosion. If the 
exposed anodic area is much smaller than the cathodic 
area (which is usually the case) then the type of corro- 
sion known as pitting develops. The iron in these small 
anodic areas continues to form ferrous ions and the rust 
accumulates at the point where the ferrous ions meet 
the hydroxyl ions formed by the cathodic reaction. 
Thus the small anodic area becomes deeper and deeper 
—a pit. 

Since pitting is the most destructive type of corrosion, 
let us examine it more thoroughly and see why the pit 
continues to corrode deeper. On the surface there are 
usually some points that are deeper than the main 
surface, perhaps from a scratch, air bubble, or irregu- 
larities from some other cause. If any of these irregu- 
larities resulted in straining the metal, the anodic re- 
action will tend to take place in the strained metal. 
Whether or not the indentation is strained, the supply 
.of oxygen will be slightly smaller at the bottom of a pit 
than at the high points of the surface. The location of 
the highest concentration of oxygen will be the cathodic 
area since oxygen is the determining factor in the rate at 
which electrons can be removed (Reaction 3), and the 
location of the lower concentration of oxygen will be 
the location of the lowest cathodic activity, or the 
highest anodic activity. This factor is always acting 
in conjunction with the stress concentrating effect of 
the pit. The structural properties of notch-sensitive 
materials are rapidly reduced in this manner, 7. e., 
aluminum alloys are more seriously affected than steel. 

That relatively small differences in concentration of 
oxygen can determine the location of the anodic and 
cathodic areas, can be shown by placing an iron nail 
in a test tube of ferroxyl gel and after several days 
observing the result as shown in Figure 5. The top 
end of the nail, being closer to the air, will have more 
oxygen diffusing through the gel to it than the lower 
portion. The red area (cathodic area) develops near 
the top and the anodic area near the bottom. Notice 
that this differs from Figure 1 where the nail was cov- 
ered by a thin layer of gel in a flat dish in which the 
amount of dissolved oxygen is practically uniform over 
all the nail. 

The recent observation (11) that freshly precipitated 
Fe(OH); adsorbs oxygen to a considerable extent seems 
to explain even better why rust spots become centers 
of cathodic activity, especially if the Fe(OH); retains 
the ability to adsorb oxygen for some time. Adsorbed 
oxygen on the rust would greatly increase the tendency 
of the cathodic reaction to take place on the rust and in 
this way speed up the rate at which the iron next to the 
rust would lose its electrons—or corrode. This ex- 
plains very well why the iron tends to corrode and pit 


* the edge of rust spots and gradually work under 
em. 

Since corrosion is accelerated by differences in oxida- 
tion potential in different areas we would expect an 
alloy to be more resistant to corrosion if it is a single- 
phase alloy (a solid solution) than if it consists of 
crystals of one composition dispersed in a matrix of a 
different composition. This expectation is generally 
verified. 

Heat treatment of alloys is the operation which deter- 
mines the distribution of the constituents of the alloy. 
Therefore the exact heat treatment is often of great 
importance in determining the rate of corrosion for 
a given alloy. The Cu-Al alloys such as 17S-T and 
24S-T which contain about 4 per cent Cu offer a good 
example of the importance of heat treatment on the 
corrosion resistance of an alloy. This amount of copper 
is completely soluble in aluminum at 900°F. but is not 
entirely soluble at room temperature. It is common 
practice to heat treat a part made from one of these 
alloys by heating it to about 920°F. to effect solid solu- 
tion of the copper in the aluminum and then rapidly 
quenching it in cold water to retain the copper in solid 
solution. On aging for about four days the hardness 
and strength of the alloy gradually increase. This is 
believed to be due to CuAlk precipitating from the 
Cu-Al solid solution. However, these CuAl; particles, 
if present, are in a very finely divided or critical state 
and the alloy, as far as corrosion is concerned, behaves 
as if it were a single-phase alloy. 

If the rate of cooling from 920°F. is slower, the CuAl, 
crystals have time to grow larger and the portion of the 
solid solution adjacent to the CuAl, crystals becomes 
depleted in copper and therefore relatively purer 











Figure 5. Iron Nail in Ferroxyl Gel 


Diagonal lines indicate anode (blue); 
cathode (red). 


horizontal lines indicate 


aluminum which is anodic to both the main mass of 
Cu-Al solid solution and the CuAl. This condition 
leads to a type of corrosion known as intergranular 
corrosion since this anodic zone will be corroded out 
following close to the grain boundaries. This is one of 
the most dangerous types of corrosion because it is 
not easily detected until the part fails (4). 


METHODS OF CONTROLLING CORROSION 


There are many ways of controlling corrosion and the 





method which is best for any given use depends on 
many factors. If the fundamental nature of the cor- 
rosion process is carefully considered and examined in 
reference to the conditions encountered in a given case 
then an intelligent choice can be made. However, 
many surprises are found in corrosion in unique environ- 
ments which simply emphasizes the fact that our 
theories are still incomplete. Actual test under ex- 
posure conditions is the only absolute method of evalu- 
ating a given method of corrosion prevention because of 
the many variables encountered. However, since tests 
under identical conditions to the purposed use of the 
metal may take years for accurate evaluation, accel- 
erated tests are usually used. The student is referred 
to the Corrosion Handbook (9) for information on cor- 
rosion testing. 

Let us recall the two conditions necessary for corro- 
sion to take place: (1) Electrons that tend to be lost 
by the metal in the anodic reaction cannot be lost unless 
they can be used in some other chemical reaction which 
we call the cathodic reaction. (2) The ions formed by 
both the anodic and cathodic reactions must be re- 
moved from where they are formed or must combine 
with ions of opposite charge so no great accumulation 
of charge occurs in any area.- Any condition which 
hinders either of these processes will inhibit corrosion, 
the most important of these are discussed individually 
in the following paragraphs. 

Surface Coatings Which Mechanically Isolate the 
Metal from the Corrosive Environment. Coatings such 
as paints, lacquers, varnishes, resins, rubber, plastics, 


corrosion product films, and less active metals than the 
protected stock, belong to this class. 

All of the above have one property in common; they 
protect the metal only by isolating it from materials 
which can cause corrosion (7. e., reducible substances 


that can accept electrons from the metal). If the coat- 
ing is successful in keeping water, oxygen, and other 
reducible substances from contacting the metal then of 
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course no corrosion can occur. In actual practice too 
little care is exercised in applying these various treat- 
ments and they are therefore often not completely 
impervious to water and air. In service they are often 
damaged and must be reserviced often to maintain their 
effectiveness. ; 

The greatest disadvantage in using one of the above 
is that when they are damaged or broken they may 
actually accelerate localized corrosion since the exposed 
anodic area will usually be small. And in the case of 
the less active metal coatings, the difference in potential 
between the cathodic coating and the exposed anodic 
area will accelerate corrosion. 

The nature of corrosion products in some cases is 
such that after they are formed they offer some pro- 
tection by forming a physical barrier between the metal 
and its environment. If the corrosion product forms a 
continuous film that is nonporous and prevents water 
and oxygen from penetrating to the metal then it will 
stop corrosion. 

Aluminum is the outstanding example of this. From 
the position of aluminum in the electromotive and 
galvanic series (Tables 1 and 2) one would expect it to 
corrode rapidly. It does in fact corrode very rapidly 
until a thin film of aluminum oxide is formed which then 
inhibits further corrosion by isolating the metal from 
its environment. 

It is easy to see why such a film would inhibit corro- 
sion since the only way corrosion could proceed through 
a continuous nonporous film would be for the reducible 
substances (oxygen, water, or hydrogen ions) to diffuse 
through the film to the metal or for the film to conduct 
the electrons from the metal to the reducible substances 
and allow the metal ions formed to migrate outward to 
meet the anions formed by the cathodic reaction. This 
is represented diagrammatically in Figure 6. In most 
films these are very unlikely processes and do not occur 
to any appreciable extent, except at high temperature 
(6). 
A film of aluminum oxide, better than the natural 
filin, can be obtained by making aluminum the anode in 
an electrolysis cell and using sulfuric acid or a chromic 
acid solution as the electrolyte. Aluminum so treated 
is said to be anodized. After anodizing, the film is 
usually sealed by immersion in hot water which hy- 
drates the oxide, decreasing its porosity. This treat- 
ment forms a good basis for primer and paint, but where 
the structure is subject to vibration or stress it cannot 
be relied upon without painting. 

Oils and greases also tend to prevent corrosion by 
excluding water and oxygen from the metal on which 
they are used. 

Cathodic Protection. Cathodic protection refers to any 
method of protecting a metal by causing it to always 
be cathodic. This may be accomplished in two ways 
(1) by attaching the metal to the negative terminal of 
some source of direct current, and (2) by attaching to it 
a metal which is more anodic than the local anodic 
areas in the metal to be protected. 
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Galvanized iron is a familiar example of this type of 
protection. The iron is covered with a thin coating of 
inc. Zine is anodic to iron’ and therefore undergoes 
the anodic reaction 


Zn = Zn**+ + 2e- 


and the electrons flow to the iron where the cathodic 
reaction takes place. This type of coating is often 
called a sacrificial coating because it protects the main 
stock by itself being corroded. No rusting of the iron 
occurs until most of the zinc has first been corroded in 
the local area. The actual distance of exposed iron 
from zine which may exist without being corroded varies 
with the environment. In sea water it may be as much 
as several inches but in some fresh waters of low con- 
ductivity as small as 0.1 inch (10). 

Cathodic protection also operates on aluminum 
alloys, e. g., so-called clad alloys. Aluminum alloys 
usually corrode faster than pure aluminum but because 
of mechanical properties it is seldom possible to use 
pure aluminum for structural purposes. An alloy 
having the desired physical properties may be coated 
with a thin layer of pure aluminum, or an anodic alloy, 
and the desired strength and physical properties are 
retained and the coating gives the necessary resistance 
tocorrosion. The coating material is chosen so as to be 
anodic to the main stock. Where clad sheets are 
riveted or welded to unclad alloys the coating on the 
clad sheets tends to protect electrochemically the ex- 
posed areas of the unclad alloy. However, for severe 
atmospheric conditions and where maximum strength 
is very important as in the aircraft industry, the unclad 
alloys are always anodized and painted. 

Another example of cathodic protection used in the 
aircraft industry is the cadmium plating of steel parts 
that are to be in contact with aluminum. Cadmium is 
anodic to iron (Table 4) and thus protects it, and cad- 
mium and aluminum are very similar in potential so 
very little galvanic action results from the cadmium- 
aluminum contact. However as a further protection 
the aluminum is usually coated with a zinc chromate 
primer prior to assembly. 

Magnesium anodes are being extensively used to 
protect iron structures, especially buried pipe lines. 
Magnesium in the form of a cable or cast, blocks or rods 
is attached to the iron at regular intervals, the distance 
apart depending on the conductivity of the medium in 
which the pipe is buried. 

Inhibitors and Passivators. The more common in- 
hibitors are organic compounds containing a polar 
group which causes the molecules to be adsorbed in a 
monomolecular layer on the metal surface and thus 
diminish the rate at which reducible substances such as 
oxygen, water, and’ hydrogen ions can reach the metal. 





’ There is some evidence that zinc either becomes much less 
protective or may even reverse its potential with respect to iron 
in hot fresh water. For this particular application then galva- 
nized iron is inferior to ungalvanized iron (8). ‘ 

Hot water pipes in Baltimore after several years service showed 
ibe = ig iron pipes to be pitted much more than ungalvanized 
pipes (1). 
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They are usually used in liquids which are in contact 
with metals (such as antifreeze). 

Passivators make up a class of inhibitors, oxidizing 
agents (7. ¢., strong electron absorbers), which also 
form mono-layers on the metal but are more strongly 
adsorbed than the inhibitors. The bonding of passiva- 
tor to metal appears to be chemical in nature but no 
stoichiometric compound forms and the metal lattice 
is left intact. The surface atoms of the metal no longer 
have the same tendency to lose electrons, 7. e., their 
oxidation potential is lowered. The chromate ion is 
the most commonly used passivator. Zinc chromate 
paint so widely used as a primer thus acts not only as a 
paint but also as a passivator. 

Metal Purification and Alloying. There are some 
cases where minor impurities in a metal are largely 
the causes of its rapid corrosion. This is probably 
simply galvanic action. Iron in magnesium is a strik- 
ing example of this. If the iron content of magnesium 
is below 0.016 per cent, magnesium is quite resistant to 
corrosion in a 3 per cent sodium chloride solution but if 
the iron content increases to 0.020 per cent corrosion 
proceeds at least eighty times as fast (3). Obviously 
in this case a high degree of purification will greatly 
decrease the rate of corrosion. 

In other cases alloying a given metal with another 
metal may produce a metal of better corrosion resist- 
ance. The stainless steels are probably the most 
spectacular example. They are iron base alloys con- 
taining from 12 to 18 per cent chromium and often 
other elements among which nickel, manganese, molyb- 
denum, titanium, and columbium are the most com- 
mon. They are resistant to corrosion in many media 
which rapidly attack most other metals. 

The passivity of stainless steel is usually ascribed to 
a thin coating of a highly protective film of Cr2Os; 
however, recent studies (2?) have shown that in 18-85 
stainless steel the metal is passive largely because of 
physically adsorbed gases on its surface. A sample of 
18-85 stainless steel loses its passivity when exposed to a 
reduced pressure (vacuum) at room temperature and 
becomes passive again when exposed toair. This proc- 
ess is reversible and the metal can be passivated, acti- 
vated, passivated, etc., by alternate exposure to air 
and vacuum at room temperature. This ready break- 
down in vacuum at room temperature indicates a weak 
bond between the gas and the metal. An oxide or 
even chemisorbed gases would be considerably harder 
to remove and would probably require an elevated tem- 
perature. 

Although the nature of the bond between metals in 
alloys is little understood, it appears that the electron 
structure of the alloy determines the type of film which 
may form on its surface and that. the sharing of elec- 
trons between iron and chromium in the stainless steels 
acts in such a manner as to allow chemisorption of 
oxygen and other compounds on the surface which 
serve, in turn, to satisfy surface valence forces. Chro- 
mium possesses this property of itself, but iron does not, 
so that when the two are alloyed, their interaction 
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produces essentially a metal having the same passive 
properties as chromium, when their ratio is such as to 
produce the necessary electron structure. Experi- 
mentally this is found to be about 12 to 18 per cent Cr. 

Alteration of the Environment. By removing dis- 
solved oxygen and carbon dioxide from boiler feed 
water the rate of corrosion in boilers can be greatly 
reduced. It is now common practice to deaerate feed 
waters for boilers. For high pressure steam plants, the 
oxygen concentration is usually reduced to less than 
0.005 p. p. m. Modern deaerators can accomplish 
this degree of deaeration but sodium sulfite can be added 
to remove the last trace of oxygen. For many indus- 
trial systems the dissolved oxygen is reduced to less 
than 3 p. p. m. by spraying the water into an evacuated 
chamber where the dissolved gases are effectively re- 
moved without heating the water. Carbon dioxide 
causes corrosion especially in condenser systems by 
acting as a weak acid. It is removed in the deaeration 
process. ~* 
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In general the removal of any reducible substance (i. ¢, 
oxidizing agent) from the environment of the metal will 
retard corrosion by limiting the cathodic reaction. 
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NOTE ON THE SYMMETRY BETWEEN 
ELECTRON AND PROTON TRANSFER 


Tus note is an attempt to underline the fundamental 
similarities between electron and proton transfer by 
gathering together current ideas on the separate 
aspects.! 

As is well known, the equations A—B + H+ and 
R=O + e, where A and B are conjugate acids and 
bases, R and O conjugate reducing and oxidizing agents, 
and H* and e the free proton and electron, respectively, 
are formally similar, giving the equilibrium constants, 


{H*] [B) [O}fe] 


cies “TRY 


and k, = 
Neither equilibrium can be realized in practice, since 
all that can be studied is the interaction of two con- 
jugate acid-base pairs, or two conjugate redox systems, 
giving observable equilibrium constants, 


K, = — BIA) _ 0) R 
ky’ ~ (AT BB ~ (R107) 


With acids and bases the second conjugate pair is often 
the solvent system, when K, gives a measure of the 


and K, = 





( 1 MicuagEuis, L., anp M. P. Scoupert, Chem. Rev., 22, 437 
1938). 
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so-called dissociation constant of A, B’ being omitted 
(for water [B’] = [H:O] = constant app.); Ka clearly 
depends on ky’. Since common solvents such as water 
do not usually show redox characteristics the second 
redox system usually interacts with the first in virtv- 
ally a “nonelectronic” solvent, corresponding with the 
interaction of two acid-base conjugate pairs in an 
aprotic solvent such as benzene; of course the solvent 
always exerts a solvation effect on the equilibrium even 
if no particles are exchanged. Very powerful oxidizing 
agents, however, such as F; or Co(H.0O).++*+, or very 
powerful reducing agents such as Co(CN).~-~ 
interact with water giving phenomena somewhat similar 
to those covered by the Hantzsch leveling effect for 
acids and bases, except that in the redox system equilib- 
rium is not usually achieved. 

Redox systems differ from acid-base systems in that 
it is possible to use platinum as a potential mediator, 
and study two conjugate pairs as halves of a cell. If 
one-half is a hydrogen electrode H:O + '!/2H;,—OH;* + 
e, this system may be allowed to come to equilibrium 
with any redox conjugate _ R, O, when 


x. = ih) [on] 
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and [OH;*] adjusts itself to equilibrium. Thus K, 
may be referred to the system H,O + '/.H,—OH;+ 
+ e, and clearly depends on K, for this system. 
This device of a two-compartment cell gives the same 
equilibrium as if redox interacted with redox prime in the 
same phase. With acids and bases an analogous de- 
vice would be a two-compartment cell with palladium 
electrodes joined by a palladium wire. 

Further analogies are provided: 

(a) The rule that electrons are transferred one at a 
time, analogous to the rule of successive dissociation 
of a polybasic acid (cf. Michaelis and Schubert, loc. 
cit.). Asan illustration of the rule for electron transfers 
it is probable that the reaction between the water- 
coordinated ions 2Fe+++aq. + Sn++taq.—2Fettaq. 
+ Snt++++aq. proceeds via the Snt+t++ ion, Sn++ 
reacting in the form of a complex anion coordinated 
with chlorine, and giving the intermediate Sn+++ 
similarly coordinated.’ 

(b) Amphoteric molecules in equilibrium, such as 
NH:CH:-CO.H=NH;+CH.2CO,~ may be said to have 
the proton nonlocalized, with a preference for the 
nitrogen end of the molecule. In the crystal the proton 
may be exchanged between the COO- of one molecule 
and the NHe of another. In solution exchange is 
possible via the intervention of water. In this sense 
the proton may be said to be nonlocalized, and possibly 
best represented in terms of standing waves. This 
may be compared with the nonlocalized electron dis- 
tribution in compounds such as semiquinones, where 
one end carries an ‘‘excess” of electrons (R) and the 
other a deficiency (O). 

(c) When an indicator is added to an acid-base 
system in water there are three conjugate pairs in 
mutual equilibrium, giving constants such as 

[B} [Ta] 
Ka = Ta) fis] 


where I, and Ig are the acidic and basic members of 
the indicator conjugate pair (intramolecular rearrange- 
-@ ment is neglected). In the same way 
_ (0) Ma) 
& = 1R} flo 
Sometimes the same molecule may be studied from 
the viewpoint of electron or proton transfer, e. g., 


C.H.0,H: = C:H,0,-- + 2H+ 


, CsHLO,-~ = CHO: + 20 


Putting 


_ [CoH.O,-~] OHs*}. 4 _ [CoH0s] [H) (H.0}* 
[(CoH.O:H][H:0} [(CoH.0.--] [OH *} 


[C.H,0.] [He] 
KK, = ToHOsH] ~ 8 


where Ky is the hydrogenation constant, deducible 
from bond-free energies. 

Although not strictly covered by the title, the G. N. 
Lewis acids and bases may be discussed here for 
purposes of comparison. In this system 

Ai + B; = A:B; 
Ae + B, = AoBi; Ae + AiB; = AsBi + Ai 


where the “base’”’ B, donates an electron pair to the 
“acid” Ay. Hence 








Ka 


[Ai] [Bi], “Wane [As] [Bi] 
[AiB,] ’? ““™ [AsB:] 


usually called the instability constants of the coordina- 
tion complexes, and 


x = (AsBi) [Ar] _ am, 
[AiB;] [As] ka, 


i.'e., K gives a measure of the “strength” of Ag relative 
to A; with respect to the “‘base”’ B,;. Clearly K depends 
on the base used. There are no conjugate acid-base 
pairs. The color changes produced by the usual acid- 
base indicators, e. g., thymol blue in acetone with Ag- 
ClO,, are obscure, and presumably depend on a shift 
in the I4=—Ig equilibrium due to coordination or to 
color changes produced by coordination. Moreover, 
there seems little point in extending the concept reduc- 
tion to cover receipt of electron pairs in coordination. 
These remarks are sufficient to show that G. N. Lewis’ 
system stands apart from that due to Lowry and 
Brénsted, and that a special place is occupied in chem- 
istry by molecules undergoing prototropic change.* 

In so far as the acid-base systems of Jander and 
others involve electron rather than proton transfers it 
might be better to regard them as redox systems, 
e. g., Ca would be a reducing agent in the reaction 
COCI+ + CaCO + Cl- + Catt, It is possible 
that solvents such as SO2, COCh, etc., would play a 
part in redox chemistry, actively engaging in electron 
transfer, resembling water in acid-base chemistry. 


ka, = 





* Weiss, J., J. Chem. Soc., 1944, 309. 


* Bet, R. P., Quart. Rev. Chem. Soc., 1, 113 (1947). 


MERCURY 


An amazing and little-known characteristic of frozen mercury is its cohesive force. When two 
pieces of frozen mercury are brought together, they are instantaneously bonded and become one 
piece which then cannot be separated without destroying it. 








THE USE OF THE PERKIN REACTION IN 


ORGANIC LABORATORY CLASSES 


Tue organization of subject matter so that students 
can get a fairly secure grasp of the fundamentals of a 
course of study is the goal of most teachers. Such an 
aim is particularly important in organic chemistry 
where a prevalent tendency among students is to 
memorize a large number of reactions and to give little 
or no thought to their interrelation or application. 
Thus, it is always advantageous for the teacher to 
group organic reactions of similar type together and to 
make use of the similarities in teaching the student to 
use these reactions. 

It is surprising that this concept is so often over- 
looked in connection with the presentation of the 
Perkin reaction to classes in organic chemistry. As 
W. H. Perkin! first carried it out this reaction consisted 
of heating an aromatic aldehyde with an acid anhydride 
and the corresponding acid salt to form a f-aryl-a,6- 
unsaturated acid, e. g., cinnamic acid. To this day 
it has been carried out in this way in laboratory classes 
and has been written this way in textbooks. Since 
such a reaction bears no formal resemblance to the 
aldol condensation, the similarity of the two reactions 
is usually overlooked when the subject is presented to a 
class. The confusion which arises from the Perkin 
reaction can be traced to several sources. The original 
controversy between the views of Fittig? and those of 
Perkin and Michael* as to whether the aldehyde con- 
denses with the salt or with the anhydride has not yet 
been settled in many textbooks in spite of the over- 
whelming evidence which has been cited‘ in favor of 
Perkin’s original idea that the aldehyde condenses with 
the acid anhydride and not with the salt. The struc- 
tural similarity between the acid anhydride and the acid 
salt makes it difficult for the student to keep straight 
in his mind which one is the catalyst and which is the 
reactant. It is also difficult for a beginning student to 
appreciate the true role of the acid salt as a base. 

A good deal of this confusion can be eliminated if the 
Perkin reaction is presented as an example of the aldol- 
type condensation in which a base, B, catalyzes the 
condensation of the aldehyde with the anhydride. The 
actual identity of the base is de-emphasized. The 
subsequent loss of water to form the double bond is 
what would be expected of any aldol condensation 


1 PerKIn, W. H., J. Chem. Soc., 21, 53-63, 181 (1868); 31, 
388-427 (1877). 

2 Fittia, R., Ber., 14, 1824-6 (1881). 

3 MicnaBL, A., J. prakt. Chem., [2] 60, 364-8 (1899). 

4 Jounson, J. R., Organic Reactions, 1, 210-65 (1942). 
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involving benzaldehyde, e. g., the condensation of 
benzaldehyde with acetone. The water eliminated 
could then hydrolyze the mixed anhydride to the 
corresponding acids. 


B 
ArCHO + (RCH:CO),0 = — it ae 


| 
OH R O 


eS oe — ArCH=CCOOH + RCH,COOH 
OH R 0) b 


A more complete mechanism‘ showing that the action 
of the basic catalyst on the anhydride as analogous 
to the action of the base in the aldol condensation can 
be given if desired. 


(RCH:CO).0 + B = [RCHCOOCOCH.R]- + BHt 
ArCHO + [RCHCOOCOCH:R]- = 
ne a 
R 
[ArCH—CH—COOCOCH,R]- + BHt 2 


OC). 
a juillis quasar. +B 


H R 


The confusion is minimized in the laboratory by 
having the student carry out the Perkin reaction using 
a tertiary amine, e. g., triethylamine, as the basic 
catalyst. The student is well aware of the basic 
characteristics of amines, and it is quite easy for him 
to picture the Perkin reaction as an example of the 
aldol condensation and, thus, to correlate his labora- 
tory experiment with the lecture material. 

Three examples of the Perkin reaction using tr- 
ethylamine as the basic catalyst have been developed 
to serve as experiments for laboratory classes. The 
compounds synthesized are cinnamic acid, coumarin, 
and a-phenyleinnamic acid. The experiments involve 
only small amounts of materials, in keeping with the 
current trend toward small-scale laboratory experi- 
ments. Each experiment emphasizes steam distilla- 
tion as a method of removing impurities from the 
reaction mixture and crystallization as a method of 
isolation and purification. 

Cinnamic acid was first prepared by this modifica- 
tion of the Perkin reaction by Kalnin® in 29 per cent 
yield. In the experiments described in this paper yields 
varying from 40 to 53 per cent were obtained. 


5’ Kauntn, P., Helv. Chim. Acta, 11, 977-82 (1928). 
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Coumarin was prepared in 34 per cent yield, and a 
5 to 10 per cent yield of the by-product, o-acetoxy- 
cinnamic acid, was also isolated. Such an experiment 
is especially instructive to students since not only the 
main product can be isolated but also a small amount 
of material which is either an intermediate in the forma- 
tion of coumarin or the result of a side reaction. 

The modified Perkin reaction as applied to the syn- 
thesis of a-phenylcinnamic acid involves the use of 
phenylacetic acid. Presumably equilibria are set up 
between phenylacetic acid and acetic anhydride to 
form phenylacetic anhydride, a mixed anhydride, or 
both. 


PhCH:COOH + (CH;CO),0 = PhCH:COOCOCH; + 
CH;COOH 


In any event the a-carbon of the phenylacetyl group of 
the anhydride is more susceptible to attack by the basic 
catalyst than the acetyl group. Hence a-phenyl- 
cinnamic acid is isolated, but no cinnamic acid is ob- 
tained. In the experiments described in this paper 
yields of crude a-phenylecinnamic acid varied from 60—- 
71 per cent. 

The author would like to thank Dr. Stanley Waw- 
zonek for his help and suggestions. 


EXPERIMENTAL PROCEDURES 


Cinnamic Acid. A 200-ml. round-bottom flask 
is connected to a small reflux condenser fitted with a 
calcium chloride tube at the top. Mix 2.0 ml. (2.1 
g., 0.020 mol) of benzaldehyde, 2.0 ml. of anhydrous 
triethylamine (Sharples), and 5.0 ml. of acetic an- 
hydride. Boil the solution gently for a total of twenty- 
four hours. Keep the reaction mixture protected with 
the calcium chloride tube, especially if the heating is 
interrupted for any appreciable period of time. After 
the heating period is over incorporate the 200-ml. 
flask into a steam distillation apparatus. Distill with 
steam until the distillate is no longer cloudy and then 
distill 50 ml. more. Usually about 150 ml. is distilled 
in all. Discard the distillate. During the steam 
distillation the 200-ml. round-bottom flask should be 
heated with a burner so that it will not become more 
than one-quarter full of condensed water. At the 
finish of the distillation this aqueous residue is trans- 
ferred to a 400-ml. beaker and enough water is added 
to fill the beaker about half full. The mixture is boiled 
and 0.2 g. of decolorizing charcoal is added. The 
solution is filtered, and the filtrate is acidified to Congo 
red with 6 N hydrochloric acid while still hot. Cooling 
yields 1.2-1.6 g. (40-53 per cent) of cinnamic acid, 

6 Buckises, R. E., anp E. A. Hausman, J. Am. Chem. Soc., 
70, 415 (1948). 
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m. p. 129.5-131°. The product can be recrystallized 
from water (150 ml. per g.).. An 80 to 85 per cent yield 
of cinnamic acid, m. p. 132.5-133° is obtained. 

Coumarin. Use the same apparatus and precautions 
as described for cinnamic acid. Mix 2.1 g. (2.4 g., 
0.020 mol) of salicylaldehyde, 2.0 ml. of anhydrous 
triethylamine (Sharples), and 5.0 ml. of acetic an- 
hydride, and boil the mixture gently under reflux for 
twelve hours. Steam distill as described for cinnamic 
acid and discard the distillate. Make the aqueous 
residue basic to litmus with solid sodium bicarbonate, 
and cool the solution. If necessary add a seed crystal 
of coumarin. Filter the solid crude coumarin from the 
solution and wash with a little cold water. Acidify 
the filtrate to Congo red with 6 N hydrochloric acid, 
cool, and filter. A yield of 0.20 to 0.43 g. (5-10 per 
cent) of o-acetoxycinnamic acid, m. p. around 150°, is 
obtained. This by-product can be recrystallized from 
aqueous isopropy! alcohol (10 ml. of the alcohol and 
40 ml. of water per g.). The resulting o-acetoxy- 
cinnamic acid has m. p. 152° to 154° which checks 
favorably with the literature.’ 

The crude coumarin is boiled with 200 ml. of water. 
The hot solution is filtered with the aid of 0.2 g. of 
charcoal. Boil the filtrate until the total volume is 
about 80 ml. Cool the solution and add a seed crystal 
if necessary. A yield of about 1.0 g. (34 per cent) of 
coumarin, m. p. 66° to 68° is obtained. The product 
can be recrystallized from aqueous methanol (10 ml. 
of methanol and 15 ml. of water per g.). Coumarin of 
m. p. 68° to 69° is obtained in 80 per cent yield. 

a-Phenylcinnamic * Acid. The reaction is carried 
out in the same way as in the synthesis of cinnamic acid. 
A mixture of 2.0 ml. (2.1 g., 0.020 mol) of benzalde- 
hyde, 2.7 g. (0.020 mol) of. phenylacetic acid, 2.0 ml. 
of anhydrous triethylamine (Sharples), and 5.0 ml. of 
acetic anhydride is boiled gently under reflux for four 
hours. The reaction mixture is steam distilled as for 
cinnamic acid. The distillate is discarded. The 
aqueous residue is cooled, and the solution is decanted 
from the solid. The solid is dissolved in 50 ml. of 
isopropyl alcohol and 50 ml. of water including that 
decanted from the crude solid is added. The solution 
is filtered hot with the aid of 0.2 g. of tharcoal. The 
filtrate is acidified to Congo red with 6 N-hydrochloric 
acid and cooled. A 2.7 to 3.3 g. (60-71 per cent) 
yield of a-phenylcinnamic acid, m. p. 162° to 165°, 
is obtained. The product is recrystallized from 
aqueous isopropyl! alcohol (10 ml. of isopropyl alcohol 
and 12 ml. of water per g.). a-Phenylcinnamic acid 
of m. p. 172° to 173° is obtained in 75 to 80 per cent 
yield. 


7Rotn, W. A., AND R. StorrMEr, Ber., 46, 260-8 (1913). 
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© APPARATUS FOR STUDENT CONDUCTANCE 


MEASUREMENTS 


Tue steady current flowing in a d.-c. circuit depends 
upon the magnitude of the applied potential and the 
resistance of the circuit. In the case of alternating 
current, however, the equilibrium current is limited by 
the circuit impedance, which depends not only on the 
_ circuit resistance but also on the reactance due to the 
capacitance and inductance in the circuit. The react- 
ance, and hence the impedance, is a function of the fre- 
quency of the current; the phase relationships between 
the currents and voltages in the various branches of an 
a.-c. circuit depend also upon the impedance of the 
components involved. 
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Figure 1. Schematic Representations of Pertinent Bridge Circuits 


PAUL BENDER, WENDELL J. BIERMANN, 
and ALVIN G. WINGER 


University of Wisconsin, Madison, Wisconsin 


In the measurement of the’ resistance of a metallic 
conductor the direct current Wheatstone bridge of 
Figure la is regularly employed. The two points, 
A and B, across which the galvanometer used as detector 
is connected, are brought to the same potential (meas- 
ured relative to some common reference point) by 
proper adjustment of the calibrated resistances R,, 
Re, and R,. The familiar relation 

ho, & 
"2 & 
then permits the calculation of the unknown resistance 
R.. In introductory treatments in undergraduate 
physical chemistry it is often suggested that this method 
can be extended satisfactorily to the measurement of 
the conductances of electrolytic solutions simply by 
replacement of the d.-c. battery and galvanometer by 
an a.-c. voltage source and detector. This is not pos- 
sible, for in alternating current operation it is necessary 
to take into account the capacitative and inductive 
couplings in the bridge circuit which have no effect on 
direct current operation. At high frequencies this be- 
comes a formidable task, but at the relatively low fre- 
quencies at which ordinary conductance measurements 
are made (500 to 2000 cycles), only the capacitative 
effects must be considered if noninductively wound 
standard resistances are used in the bridge. 

Flow of alternating current will take place capacita- 
tively between any two conductors separated by a di- 
electric and between which an alternating potential is 
maintained. It follows that a complete treatment of 
capacitative effects in conductance measurements by 
the bridge method must consider inter-capacitances be- 
tween the various bridge elements and between the 
bridge elements and ground. This problem has been 
treated in detail by Hague,' and with particular refer- 
ence to electrolytic conductance measurements by 
Shedlovsky? and Jones and Josephs.* The following 
discussion will be based upon the circuit of Figure 1), 
in which are shown the capacitative couplings of 
primary importance in a practical bridge assembly for 
student conductance measurements. 

The principal capacitance encountered in the bridge 
arms proper is found in the conductance cell and its 


Rz = bridge ratio 





1 Haaus, B., “Alternating Current Bridge Methods,” 5th ed., 
Sir Isaac Pitman and Sons, Ltd., London, 1945. 

2 SHepLovsky, T., J. Am. Chem. Soc., 52, 1793 (1930). 

3 Jongs, G., AND R. C. Josepus, ibid., 50, 1049 (1928). 
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associated leads. The cell arm then acts like a parallel 
combination of a resistance, R., and a capacitance, C,. 
When measurements are made on solutions of high 
specific conductance, the reactance due to this parallel 
capacitance is of negligible importance except in meas- 
urements of extreme accuracy. With conductance 
water or Other liquids of low conductance in the cell, 
however, this is no longer true, and the bridge arm 
shows its true nature as an impedance rather than a pure 
resistance. 

Experimentally this behavior is reflected in the im- 
possibility of achieving a sharp bridge balance. In 
d.-c. bridge operation it is necessary that the potentials 
of the points across which the detector is connected be 
matched at balance in magnitude only; in a.-c. opera- 
tion they must be equivalent not only in magnitude 
but also in phase. In the bridge circuit of Figure 1b 
the required phase balance cannot be effected because 
of the capacitative reactance in the cell arm. 

This interference with accurate resistance measure- 
ments may be eliminated by introducing a compensat- 
ing capacitative reactance into one of the other bridge 
arms, as C, in Figure lc. It may be shown that in this 
case the necessary phase balance as well as magnitude 
balance may be obtained by proper adjustment of 
Ri, Re, R., and C,; at this balance point 


Re _ hs _C, 


R, Ri C; 


It is seen that it is not necessary to know the actual 
values of C, or C, in order to determine the cell resist- 
ance; for a particular cell the resistance can be corre- 
lated in the usual fashion with the specific conductance 
of the cell electrolyte through the cell constant. 
Unfortunately, the balance so effected still will not be 
indicated sharply by the circuit of Figure 1c, because of 
capacitative couplings between the circuit elements and 
ground; of these the most important, between detector 
and ground and oscillator and ground, respectively, are 
shown explicitly as Czand C,. Even though the points 
A and B may be properly matched in potential by the 
method given above, a current will still flow through 
the detector and back to the oscillator through the 
ground capacitances if this potential is not ground 
potential. This phenomenon is often referred to as the 
“head effect” because this parasitic current travels to 
ground via the head of the observer if a headphone is 
used as the detector. The detector will respond to this 
current just as well as to that produced by the difference 
in potential of points A and B when the bridge is un- 
balanced. As a result, the precision with which bridge 
balance can be established is adversely affected, since 
the background in the detector output due to the head 
effect inevitably obscures the small change in the de- 
tector output produced by a slight bridge unbalance. 
In order to eliminate the head effect it is obviously 
necessary to bring the points A and B to ground poten- 
tial at balance; this is best accomplished by means of 
the Wagner ground device shown in Figure ld.. The 
detector is first connected between A and B, and the 
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Figure 2. Student Conductance Bridge Assembly 


bridge is balanced as well as possible in the usual fash- 
ion. The detector is then connected between A and P, 
which is equivalent to connecting it across a new Wheat- 
stone bridge network the four arms of which are 
Ri, Re, Re, and R,. When this auxiliary bridge is 
brought to balance by adjustment of the potentiometer 
contact P, A will be at ground potential because P is 
grounded directly. The detector is then switched back 
to B, and the main bridge adjusted to a new balance 
which now can be obtained more accurately because of 
the reduction of the head-effect interference by means 
of the Wagner ground. This rebalancing procedure, 
however, will necessarily change the potential of A 
with respect to ground, so the head effect cannot be 
completely eliminated in one step. This method of 
successive approximation is therefore continued until 
the desired precision of bridge balance is obtained. 

The Wagner ground may be used with bridges having 
any ratio. It not only makes the elimination of the 
head effect possible but it may be shown to eliminate 
the effects of all ground capacitances in the bridge net- 
work. At high frequencies adjustable capacitances in 
parallel with R, and R, are required for proper operation 
but these are not needed in ordinary conductance work. 

A bridge assembly for student conductance measure- 
ments which can be recommended for undergraduate 
physical chemistry laboratory work is shown in Fig- 
ures 2and 3. The basic bridge employed is a commer- 
cial student-type Wheatstone bridge; both the Leeds 
and Northrup and Rubicon models are in use. The 
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Internal Assembly 


Figure 3. 


wiring diagram for the unit is given in Figure 4; in 
addition to the features of Figure 1d, the oscillator and 
detector are transformer-coupled to the bridge, and an 
amplifier is included in the detector section. While the 
transformers specified lack the special shielding desir- 
able in bridge-coupling transformers, they have been 
found quite adequate, readily available, and relatively 
inexpensive. 

The oscillator is connected to the bridge terminals 
marked “Galvanometer” and the detector to the 
“Battery” terminals to simplify the use of the Wagner 
ground. If the opposite arrangement were employed, 
the balance condition for the auxiliary bridge would 
become 


Ro _ R:z 


Ra R.z 


and the Wagner ground setting would be strongly 
dependent on the cell resistance even if the bridge ratio 
were held constant. The indicated Wagner ground con- 
nection is much more convenient, since it requires a 
minimum of adjustment. The five pairs of resistors 
are selected to provide Wagner ground balances near the 
midpoint of the potentiometer (used as the fine adjust- 
ment) for the bridge ratio values of 100, 10, 1, 0.1, 
0.01 required in student conductance work. The 
Wagner ground potentiometer should be a heavy duty 
type since ordinary radio potentiometers do not stand 
up in this application. 

The value of C, required to compensate for the capac- 
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itance in the cell arm depends upon the value of the 
bridge ratio; as previously noted C, = C, (Re/R,). 
An ordinary Roseveare type conductance cell of approx- 
imately unit cell constant, with two-foot leads, may 
require as much as several thousand micromicrofarad 
balancing capacitance when filled with conductance 
water. A small variable condenser in parallel with 
switch-selected fixed mica condensers provides a fine 
adjustment with an adequate capacitance range. 

The amplifier, which is of conventional design, can be 
seen in the upper corner of Figure 3. The use of shielded 
wire as indicated in Figure 4 is essential if efficient per- 
formance is to be obtained; decoupling filters are 
required to prevent interaction between different 
amplifiers operated from a common power supply, 
which should be voltage regulated. 

The bridge input voltage was made variable instead 
of the amplifier gain, after experience with both ar- 
rangements; the maximum input voltage is fixed at the 
master oscillator. While a number of oscillator cir- 
cuits are available for conductance work, the resistance- 
capacitance coupled audio oscillator*® offers particular 
advantages, including excellent wave form and ease of 
adjustment. A single oscillator may be used to control 
a number of output amplifiers feeding different bridge 
assemblies. The required isolation of the oscillator 
from the amplifiers is effected by a cathode follower 
stage. Shielded cable is used to connect the 1000- 
cycle source to Jones plug receptacles on the power 
distribution panel for the bridge units. It is necessary 
to provide shielding around these a.-c. receptacles. 

It might be argued that from the teaching stand- 
point it would be preferable to supply the Wagner 


4 Terman, F. E., R. R. Bass, W. R. HEwiert, anv F. C. 
Cantu, Proc. I. R. E., 27, 649 (1939). 

5 Rercu, H. J., “Theory and Applications of Electron Tubes,” 
2d ed., McGraw-Hill Book Company, Inc., New York, 1944. 
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Figure 4. Circuit Diag for Conduct Bridge Assembly 
Ri, Rs 250 K ohm P, 5000 ohm 
Rz, Rs 1000 ohm P: 50 ohm 10 watt 
Ra 0.5 M ohm Ci, Co 0.2 mf., 400 v. d-c. 
(paper) 
Re, Ris 250 ohm Cz, Cs 8 mf. 25 v. electrolytic 
Rz, Riz 2000 ohm Cs, C7 +250 mmf. mica 
Rs-Ru 3250 ohm Cs 300 mmf. air variable 
Ro-Riy 3000 ohm Co 1000 mmf. mica 
: Si 5 circuit, 2 gang selector 
switch 
Note: Re-Ris must be properly &: Two circuit push switch 
matched in pairs for desired ratios. 8: SPST toggle 
TN Thordarson 1T22870 or 7: Thordarson T20A16 or 
equivalent equivalent 
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ground, balancing capacitances and amplifier as sepa- 
rate units auxiliary to the bridge. This arrangement 
was tried initially but was found unsuccessful in actual 
laboratory use, principally because of the many leads 
required and their associated stray 1000-cycle fields. 
It appears impossible to overemphasize the necessity 
for adequate shielding in these units, especially when 
several are to be used in the same location. 

The accuracy which can be obtained with this equip- 
ment is surprisingly good, particularly since the basic 
bridge units are built for direct-current and sixty-cycle 
use. In measurements on standard fixed resistors 
(noninductive) of from 50 to 500,000 ohms an accuracy 
of about 0.1 per cent and a precision considerably higher 
has been obtained. In the more pertinent case of actual 
conductance measurements, the performance attainable 
is equally satisfactory, as is shown in Figure 5. Student 
results are necessarily less accurate, but good workers 
regularly obtain Ao values for KCl which are within 
0.3 per cent of the accepted value. Although the con- 
ductance bridge circuit is decidedly more complicated 
than the simple d.-c. Wheatstone bridge considered in 
introductory physics courses, we have found that the 
average student has no difficulty in working with it if 
he is provided with a clear explanation of its operation. 
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e DIVISION OF CHEMICAL EDUCATION 


MINUTES OF THE EXECUTIVE COMMITTEE MEETING 


The Executive Committee of the Division of Chemi- 
cal Education along with representatives from the Mack 
Printing Company met at 5:00 p.m., Monday, Septem- 
ber 5, in the Hotel Jefferson, Atlantic City, New 
Jersey. 

Present were D. G. Nicholson, Chairman of the 
Division; O. C. Dermer, Vice-President of the Divi- 
sion; E. L. Haenisch; N. Rakestraw; T. A. Ashford; 
O.M.Smith; B.Gould; C. Fleck and H. Hutchison 
(Mack Printing Company); and J. C. Bailar. 

Chairman Nicholson presided and in the absence of 
Secretary Fall, Haenisch was asked to serve as secretary 
pro tem. In response to a request from Gould concern- 
ing the status of our mailing list of members of the 
American Chemical Society, who are teachers of chem- 
istry, Haenisch reported that a request would have to 
be made by the Executive Committee of the Division to 





OF THE AMERICAN CHEMICAL SOCIETY 
116th Meeting, Atlantic City, New Jersey 


the Board of Directors for use of address stencils of 
teachers. This had been told to Haenigch by Executive 
Secretary Emery. Rakestraw moved, and Dermer 
seconded, that Emery ask the Board of Directors to 
furnish the list of teachers to Fall for the use of the 
Division and the JouRNAL oF CHEMICAL EpucaATION, 
and that the list be kept up to date. This motion passed 
unanimously. 

Chairman Nicholson presented the treasurer’s report 
in Dr. White’s absence. Nicholson noted that the in- 
come from dues of $637 exceeded the expenses of $267. 
He pointed out that the financial condition of the 
Division continued in its excellent state. 

O. M. Smith reported for the Committee on College 
Chemistry Teaching. In brief, he mentioned the 
organization of the Pacific Association of Chemistry 
Teachers; the work of the subcommittees; and the 
attempt to obtain funds for an award for distinguished 
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teaching.. He read a report from Reed Brantley from 
the Pacific Southwest Association of Chemistry 


Teachers. This report expressed a desire of this group 
to affiliate as a subgroup of the Division of Chemical 
Education. After some discussion Rakestraw moved 
that the By-Laws be altered to include affiliated groups 
of the Division if the members of these groups are al- 
ready members of the American Chemical Society of 
Divisional Associates. Haenisch seconded this motion 
and it was passed. 

Smith indicated that he would later appoint the new 
members of his committee and send their names to the 
Executive Committee for approval. 

Ashford reported for the Committee on Examinations 
and Tests. During the 1949 program 48,000 tests were 
sold to 202 institutions. He estimated that approxi- 
mately 80,000 students had been reached and 400-500 
instructors were involved. During the year approxi- 
mately 100 had participated in test construction along 
with 200 collaborators. Ashford reported that the 
Educational Testing Service had agreed to furnish $500 
per year for 1949-50 and 1950-51. E. T. 8S. would re- 
view the whole problem in 1951. He indicated that this 
was the bare minimum needed for test construction and 
did not allow the Committee to participate in other 
activities. 

Smith reported that he and Ronneberg had appeared 
before the Council Committee on Chemical Education 
at San Francisco and had formally requested the A. C. 
S. to match the E. T. 8S. appropriation. He reported 
that his proposal had been favorably received. The 
Council Committee requested a formal request from the 
Division following approval of the request by the 
Executive Committee. 

Smith read an exact copy of his request. Upon mo- 
tion by Dermer, seconded by Haenisch, the Executive 
Committee approved the transmittal of this request to 
the business meeting of the Division and endorsed the 
request. 

Ashford requested approval of the appointment of 
the following to his Committee on Tests and Examina- 
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tions for the two year term 1949-50: Dermer, Haen- 
isch, and Ronneberg. 

There followed discussion of the usual difficulties 
about confidential distribution of the tests, but no 
conclusions were reached. 

Last spring Chairman Nicholson appointed a 
Nominating Committee which consisted of Bailar and 
Quill. Bailar appeared at the meeting to report the 
following nominations: 


Chairman: O. C. Dermer (Oklahoma A. & M. College) 
Chairman-Elect: J. A. Campbell (Oberlin College) 
Secretary: P. H. Fall (Hiram College) 

Elected Councillor: P. H. Fall (2-year term) 

Executive Committee: J. Holbert (University of Chattanooga) 


In accordance with the By-Laws, the Executive Com- 
mittee elected as alternate Councillors: 1st alternate, 
D. G. Nicholson; 2nd alternate, H. Sisler (Ohio State 
University). 

A request from Fawcett of the Alpha Chi Sigma 
Safety Committee for $500 for a translation of an Aus- 
trian book on safety precautions was considered. Mr. 
Fleck of the Mack Printing Company offered to take 
the manuscript and consider it for publication. The 
Executive Committee tabled the matter. 

Programs for the Philadelphia meeting were dis- 
cussed. The following three symposia were proposed: 

Teaching of Qualitative Analysis—to be organized by Freiser 

of the University of Pittsburgh. This might be cosponsored 
by the Division of Analytical Chemistry, but should be given 
in Philadelphia. 

Standardized Tests—to be organized by Haenisch. 

Edgar Fahs Smith and other Philadelphia Chemists—to be 

organized by Deischer. This is to be cosponsored with the 
Division of the History of Chemistry. 


It is also suggested that general papers be accepted 
for presentation at each of the three locations. 

In connection with the Chicago meeting in the Fall of 
1950, it was suggested that there be symposia on The 
Content of Organic Courses and Instrumentation. 

Meeting adjourned. 

Respectfully submitted, 
EDWARD L. Harniscu, Secretary pro tem 
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PHOTOGRAPHY 


A unique method of photographing metal surfaces prepared for microscopic study does not use 


light to activate the photographic emlusion. 


Instead, a special emulsion is used and the image is 


produced by applying a pressure of about 10,000 pounds per square inch. 
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® METHODS FOR CONSTANT POTENTIAL 


CONTROL 


Srverat methods of maintaining a constant potential 
of cathodes with respect to a solution during reduction 
and deposition at definite, predetermined potentials 
have been described.1 Each method employs a mech- 
anism actuated by small potential differences between 
the cell (consisting of the cathode on which deposition is 
progressing and a reference electrode) and some “‘buck- 
ing potential” from a fixed battery. The fixed battery 
may take the form of a student type potentiometer 
(0- to 2.20-volt nominal range) operated in the conven- 
tional manner for potentials no greater than 2.20 volts, 
or if desired, this range may be extended to 4.40 volts 
by the simple expedient of driving twice as much cur- 
rent through the potentiometer. This may be accom- 
plished by standardizing the potentiometer against the 
Weston saturated standard cell with the potentiometer 
reading 0.5091 volt instead of 1.0183. It is necessary 
that the battery furnishing current for the potentiometer 
be increased porportionately. After such standardiza- 
tion, of course, the reading of the potentiometer must 
be doubled to obtain the true potential. The galvanom- 
eter used to indicate balance in the usual arrangement 
should be “shorted out” of the circuit after calibration 
has been completed. 

Three different methods of cathode potential control 
have been used here, each having in common the con- 
trolled rectifier circuit of Figure 1. A five-ampere 
capacity Variac, its variable arm controlled by a geared- 
down, reversible motor, feeds the primary of the trans- 
former T;. The output of this transformer is rectified 
by the full-wave-bridge selenium rectifier and filtered 
by the condenser and choke combination indicated. 
The inductances used are the secondaries of 110:20 volt, 
250 volt-ampere transformers which have d. c. resist- 
ances of 1.3 and 1.2 ohms, respectively. These showed 
impedances of 510 ohms each with 60-cycle a. c. Since 
the circuit employed is a full-wave bridge, the ripple 
frequency will be 120 cycles per second and the effective 
impedance of each will be about 1000 ohms at low cur- 
rents. 

Two of the methods employed used a galvanometer 
and photocell arrangement, the galvanometer requiring 
a current of 0.8 microampere to deflect the beam of light 
from its zero position to a point of incidence on the 





1 (a) CatpweLt, C. W., R. C. Parker, anp H. Drent, Ind. 
Eng. Chem., Anal. Ed., 16, 147 (1944). (b) Drest, H., “‘Electro- 
chemical Analysis with Graded Cathode Potential Control,” G. 
Frederick Smith Chemical Co., Columbus, Ohio, 1948, pp. 
(c) Hicxuine, H., Trans. Faraday Soc., 38, 27 (1942). (d) 
Lineang, J. J., Ind. Eng. Chem., Anal. Ed., 17, 332 (1945). (e) 
Pentuer, C. J., anpD D. J. Pompgo, Anal. Chem., 21, 178 (1949). 
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John Carroll University, Cleveland, Ohio 


photosensitive surface of the cell. The resistance of the 


galvanometer coil was 300 ohms. A relay circuit simi- 
lar to that shown in the R.C.A. brochure on phototubes? 
was used, two such circuits being mounted on the same 
chassis in order that correction might be made for 
applied voltages which were too large or too small. A 
reversible (series) motor, geared down to 1 r. p. m. 
Dif- 


drove the variable arm of the Variac of Figure 1. 
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Figure 1. Rectifier Circuit 

ficulty was experienced in the form of overcorrecting 
(hunting) with this setup, the solution to which was 
found to be reduction of the motor speed, so that the 
arm of the Variac turned no faster than '/2 r. p. m. 

In the second method, using galvanometer and photo- 
cells, the relays were replaced by a two-phase induction 
motor’ as shown in Figure 2. This circuit shows con- 
siderable promise for recording variable currents and/or 
voltages by mounting the photocells and recording pen 
on a@ carriage actuated by a two-phase reversing motor 
of the proper speed. In operation the,miniature thyra- 
trons (Figure 2) are biased to cutoff by the rectifier 
network. When a beam of light falls on PC 1, the 
negative bias on the grid of tube A is reduced, allowing 
tube A to “fire,” and sending a rectified pulse through 
winding ZL, of the motor. Since the plate of tube 
A (and of tube B for that matter) is fed by a. c., the 
grid of tube A regains control of the valve action of the 
tube at the end of a half cycle. If PC 1 is still illu- 
minated at the beginning of a new cycle, the above 


2 “Phototubes,” Form PT-20 R1, p. 7. Radio Corporation of 
America, Harrison, New Jersey, 1940, 16 pp. 

The motors indicated in Figures 2, 3, 4, and operated at 22 
volts 60-cycle a. c., are War Surplus ‘‘Waste Gate Motors for 
Electronic Turbo Supercharger Regulator,” 400-cycle, geared- 
down, induction motors, manufactured by Minneapolis-Honey- 
well Regulator Co., and are presently available in the surplus 
market at a cost of about three dollars each. 
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Figure 2. Photoelectric Control Unit 


process is repeated, resulting in another pulse through 
winding L,. The phase relationship between the cur- 
rents in L, and L, determines the direction of rotation of 
the motor. In the case at hand the current through 
L, was 0.32 ampere, and that through Z, during the 
period that one or the other of the thyratrons was firing 
was about 30 milliamperes. It was found practical to 
mount the control unit (galvanometer and lamp in- 
cluded) in a light-tight box and to prevent “overshoot- 
ing” of the galvanometer with brass “arrests” which 
limit the swing of the galvanometer coil and mirror to 
the extent that light will fall on one or the other of the 
photocells at all times that the galvanometer is deflected 
from its zero position. The galvanometer is slightly 
under-damped and its sensitivity is controlled by an 
Ayrton shunt. 

It should be noted that one side of the 110-volt line 
is connected directly to the chassis in Figure 2 and in 
Figure 3. Unless the line cord plug is inserted in the 
110-volt line socket in such manner that the “hot” 
side of the 110-volt line is connected to the lead contain- 
ing the switch of these two figures, the chassis will be 
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“hot,” and serious shock may be experienced by one 
inadvertently touching the chassis. The entire dif- 
ficulty may be avoided by operating the circuits of 
Figures 2 and 3: through an isolation transformer. 
Suitable transformers are the Freed 118-505 and the 
Stancor P6160. However, should one wish to operate 
without these transformers, one may test for this “hot” 
condition of the chassis by connecting a 110-volt lamp 
between the chassis and some well-grounded point, such 
as a water line. If the lamp glows when the line cord is 
plugged into the 110-volt outlet, the chassis is “hot” 
and dangerous. Reversal of the line cord plug will 
eliminate this danger. We have found it convenient 
to mark all 110-volt outlets with a spot of red paint 
on the “hot” side, and to mark all power line bayonet 
plugs with which a definite polarity must be maintained 
in a similar manner. 

The control unit‘ of Figure 3 has given the most satis- 
factory performance of all those tested to date. The 
d. c. “error voltage” between the fixed cell (student type 
potentiometer) and the controlled cell (cathode of 
electrodeposition cell and reference electrode) is im- 
pressed between the vibrating reed of an auto radio 
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vibrator and the center tap of a line-to-grid, or a center- 
tapped input, double button microphone transformer. 
The reed is vibrated at 60 cycles per second and any 
“error voltage” is amplified by the input transformer 
and the three stages of resistance-coupled voltage ampli- 
fication following. Originally four stages of voltage 
amplification were employed; elimination of one stage 
gave a more stable instrument of sufficient sensitiveness 
for the problem at hand. At full sensitivity (maximum 
gain) an unbalance between the two opposing voltages 
of less than one-half of one millivolt will cause rotation 
of the motor. The output pulse of the voltage amplifier 
is fed to the paralleled grids of the two 6SN7’s, which 
act as phase discriminating power amplifiers since their 
plates are connected directly to thecenter-tapped power 
transformer secondary. The phase relationship be- 
tween the amplified pulse and the voltage of this sec- 
ondary produces a rectified pulse in the motor winding 
L, of Figure 3. The phase relationship between this 
pulse and its counterpart through the second winding 
(Le) determines the direction of rotation of the motor. 
Figure 4 shows the block diagram of the complete 
assembly as ordinarily employed. The student type 
potentiometer is standardized by means of the Weston 





4 It will be noted that the principle upon which this unit oper- 
ates is the same as that of the Brown Electronik Amplifier, 
though the Brown instrument is of much higher sensitivity. 
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standard cell, the galvanometer shorted out of the cir- 
cuit and the e. m. f. posts of the potentiometer connected 
to oppose the e. m. f. developed by the cathode and the 
reference half-cell, in this case a calomel electrode. The 
algebraic sum of the desired potential drop between the 
cathode and solution and the potential of the reference 
electrode is set on the potentiometer. The stirring 
motor, rectifier, and amplifier are turned on, and deposi- 
tion allowed to proceed, using first the high-range 
ammeter to indicate deposition current, and later the 
lower ranges. The proper potential drop at the cathode 
includes the cathode overvoltage, and must be deter- 
mined experimentally.’ It may be only approximated 
from the reversible standard electrode potential and the 
limiting concentration to which one wishes to deposit 
the ion from solution. 

The choice of the vibrator (in this case an ATR 610) 
was purely arbitrary, the only requirements being that 
the a. c. used to produce the 60-cycle oscillation be iso- 
lated from the vibrating reed and from the two contacts, 
and that the reed be able to be “floated” above ground 
potential. In this vibrator the screw contact which 
shorted the reed to the vibrator frame at the completion 
of each cycle was removed, and the four insulated spac- 
ing screws adjusted “by ear” until the characteristic 
60-cycle hum was detected. It was found that when 
the vibrator was adjusted in this manner, reversal of the 
polarity of the input test signal resulted in a 180° phase 
shift in the pulse applied to the grids of the power ampli- 
fiers as observed on a cathode ray oscilloscope screen. 





5 See p. 23 of footnote 1b. 


& Rubber Tires 


Some one has estimated that except for the research, 
initiated in the rubber industry by Dr. Oenslager and 
carried on by thousands of alert workers, a set of tires 
for your car would cost about $700. When he began his 
work, 5,000-mile tires cost $160.00 per set. 


¢ Motion Pictures 


A film entitled “Introduction to Cheraistry,’* de- 
signed to stimulate an interest in the study of chem- 
istry as well as to provide important classroom instruc- 
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The inclusion of a small Alnico horseshoe magnet in the 
position indicated in Figure 3 will “polarize” the vibra- 
tor so that the direction of the response of the motor 
will always be the same for a definite polarity of the 
input voltage. This magnet may be eliminated if the 
operator will take the trouble to test the direction of 
motor response at the beginning of a determination and 
reverse the polarity of the input if necessary. 

In other experiments on this problem, d. c. amplifiers 
followed by the so-called trigger circuits have been 
employed, as well as various input modulating cir- 
cuits* but none gave the sensitivity or the stability of 
the vibrating reed input device. Tests are under way 
using the Western Electric special mercury relay (D- 
168479) as a 60-cycle “chopper” in the input circuit, 
but optimum conditions for polarizing this relay have 
not yet been determined. 

All the components and materials used in these ex- 
periments were obtained in the surplus market at a 
small fraction of their original cost so that no reliable 
estimate of the expenses involved may be made. 

Summary. Several methods for the continuous, 
automatic control of the potential drop between an 
electrode and the solution from which a metal is being 
plated have been described. Such potential control 
allows the quantitative separation of many metals with- 
out the undue fatigue of the operator experienced when 
manual potential control is used. 





6 GREENWOOD, I. A., J. V. Ho~tpam, anp D. Macrag, “Elec- 
tronic Instruments,’”’ McGraw-Hill Book Co., New York, 1948, 
721 pp. 


tion is available. 
of chemistry, the motion picture introduces some of the 
important terms and materials common to the sub- 


Beginning with a clear-cut definition 


ject. Then some of the major industrial applications 
of chemistry are presented along with everyday uses 
found in the home. Available from Educational 
Collaborator, Therald Moeller, Associate Professor of 
Chemistry, University of Illinois, Urbana, Illinois. 
From the same source another picture, ‘Metals and 
Non-Metals,” can be obtained. It shows clearly the 
relationship of laboratory work to a general under- 
standing of metals and nonmetals and helps eliminate 
the need for many demonstrations by the instructor or 
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assistant. 
part of the unit study, ‘““Metals and Non-Metals” can 
also be shown with value as an introductory experience 
or after completion of the unit as a “spot’’ review. 


o Autoclave 


A new departure in the Barnstead Autoclave is a 
thick blanket of efficient insulation to stop heat loss 
placed beneath the stainless steel jacket. An added 
advantage is that the autoclave will not heat up the 
laboratory, will heat up faster and with less heat— 
thus saving both time and money. 


® Child Nutrition 


Sugar Research Foundation, Inc., 52 Wall Street, 
New York, has published a nutrition study, ‘Calories 
Make a Difference,” by Pauline Beery Mack. This 
pamphlet is a report of studies on three groups of chil- 
dren. 


€ Heavy-Duty Laboratory Mill 


The Laboratory Construction Co., 1113A Holmes 
Road, Kansas City, Missouri, has announced that the 
new ‘“‘Labconco” heavy duty mill is designed to speed 
work in laboratories where a large number and variety 
of samples are continuously prepared. This stream- 
lined new mill quickly reduces samples to the particle 
size desired and is particularly effective with agricul- 
tural and animal products. 

Full micrometer adjustment permits an endless 
number of settings, from powder-fine to coarse grained. 
Machined plates of hardened tool steel are precision- 
set so that even a fine sample may be obtained without 
steel-to-steel friction. 


While basically intended to be shown as ®@ 
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Boron 10 


Concentrated elemental boron 10, in the form of a 
powder with particle size of about 200-mesh and com- 
posed of 98 per cent boron (containing about 96 per 
cent boron 10) and 2 per cent impurities (iron, silicon, 
and magnesium), is now obtainable from the U. S. 
Atomic Energy Commission at $15 per gram. 

Only limited amounts are available. Applications 
should be submitted on Stable Isotope Request, AEC 
Form 100, to the Isotope Division, U. 8. Atomic Energy 
Commission, Oak Ridge, Tennessee. Form 100 is ob- 
tainable from the same agency. Detailed information 
on boron 10 and its procurement is given in the Isotopes 
Division Catalog “Stable Isotopes.” 


® Ultraviolet Microscope 


Bausch and Lomb Optical Company, Rochester, 
New York, and the Polaroid Corporation, Cambridge, 
Massachusetts, have developed an ultraviolet micro- 
scope designed primarily for cancer research which 
can observe living, unstained body tissues. The in- 
strument’s revolutionary objectives not only provide 
increased resolving power but make it possible to 
photograph as well as view for the first time freshly pre- 
pared sections of live tissues and tissue cultures through 
three different ultraviolet wave lengths. The photo- 
graphs may also be projected or reproduced on color 
film through three visual color filters that provide 
densities, contrast, and structural detail never before 
attained. 


* Light by Shaking 


A fluorescent light with no electricity needed to 
operate it has recently been developed. As long as the 
tube is shaken, an electrostatic charge set up by the 
interaction of mercury and the phosphor causes low 
pressure neon or argon gas in the tube to glow. Tubes 
can be made in any shape and a variety of colors can be 
had by using different powders. 


+. New Book 


Clinical and biological technicians will be interested 
to learn that a new book, now on the press, will save 
them a great deal of time, money, and effort in prepar- 
ing most procedures for spectrophotometric chemistry. 
The book is Harold J. Fister’s ““Manual of Standardized 
Procedures for Spectrophotometric Chemistry.’ It is 
published by Standard Scientific Supply Corporation, 
34 West 4th Street, New York City 12. 


e Hand Refractometer 


This instrument is used for the rapid and accurate 
determination of the density of sugar solutions having 
soluble solids. The hand instrument, manufactured 
by Laboratory Equipment Co., 118—11th Street, San 
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Francisco, California, is small-sized, portable, and 
easy to use in the field. Only a few drops of sample are 
required including not only clear liquids but also 
liquids having some considerable opacity. If desired 
the refractive index of liquids can be determined by 
use of the accompanying table. This makes the in- 
strument useful not only to the growers for fruit ripe- 
ness, to the canners for syrups, but also to the chemist 
for measurements of refractive index. 


€ Two New Products 


A completely redesigned indicating controller to be 
known as the Pyr-o-Vane controller, and a Protect-o- 
Vane controller designed to protect a furnace, oven, or 
a process from excess temperatures are being introduced 
by Brown Instruments division of Minneapolis-Honey- 
well Regulator Company. 


« Liquid Hydrogen Container 


An unusual container for the storage and transport 
of liquid hydrogen and liquid helium has been an- 
nounced by Hofman Laboratories, Inc., 212 Wright 
Street, Newark, New Jersey. Because these gases 
present unusual handling problems in their liquid state, 
suitable vessels of any kind have never before been 
commercially available. 

The liquid hydrogen container (U. S. Pat. No. 
2,453,946) is made of three concentric copper spheres. 
The inner and outer spheres form a conventional 


vacuum flask, with facing interior surfaces polished to a 
mirror-like finish. Between them is placed a third 
sphere, highly polished-on both sides, which acts as a 
radiation shield. This shield is attached by a unique 
connection to the inner sphere of a smaller side flask 
for containing liquid nitrogen. 


a X-Ray Microscope 


An X-ray microscope, which makes visible internal 
details of materials through which light cannot pass, 
has been developed by scientists of the General Electric 
Company. Future refinements of the X-ray micro- 
scope, at present in the’ laboratory stage of develop- 
ment, may result in much sharper images and higher 
magnification than are possible using visible light and 
the instrument may compete with electron micro- 
scopes. 


* Electric Dryer 


Proctor and Schwartz, Inc., Seventh Street and Tabor 
Road, Philadelphia, Pennsylvania, have announced an 
electrically heated laboratory dryer which is ideally 
suited to the drying of samples of small quantities of 
a wide variety of material that may be loaded on trays 
or hung on rods or hooks. 

With this dryer, it is possible to duplicate condition 
in continuous systems—making it particularly suited 
to pilot plant studies. This dryer is usually furnished 
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with air-operated wet- and dry-bulb temperature con- 
trols, static-pressure gauge, and variable speed trans- 
mission for circulating fan drive. These dryers are 
equipped with an electrically operated temperature 
controller and drying temperatures as high as 300°F. 
may be employed. 


* Electronic Torch 


Hot enough to cut holes in firebrick and to melt 
tungsten (which we are now urged to call Wolfram), 
an “electronic torch” has been developed by scientists 
of the General Electric Company’s Research Labora- 
tory. It combines radio signals and various gases to 
produce temperatures considerably higher than the 
melting point of tungsten, which is 3370°C. The 
electronic torch is still in the laboratory stage, and its 
commercial possibilities have yet to be explored. 


& Compressed Gases 


In our May issue, 1949, we mentioned a pamphlet 
“Safe Handling of Compressed Gases,” put out by The 
Compressed Gas Association, Inc., 11 West 42nd 
Street, New York. It seems that we implied that this 
pamphlet is distributed free; however, it is distributed 
for 25 cents a copy. Other pamphlets concerning gases 
are: “Methods for Hydrostatic Testing of Compressed 
Gas Cylinders,” “Acetylene,” “Anhydrous Ammonia,” 
and “Sulphur Dioxide.” 


+ Monochromator 


The first true universal monochromator, which covers 
the ultraviolet, visible, and infrared regions of the spec- 
trum (0.18 to 40 microns) when suitable prisms or 
gratings are used, is now in production at the plant of 
the Perkin-Elmer Corporation, Glenbrook, Connecticut. 


Monochromator 





PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


*® TENNEY L. DAVIS AND HIS WORK IN THE 
HISTORY OF CHEMISTRY’ 


Tue study of the history of chemistry underwent a 
remarkable development in the United States in the 
period betweci 1910 and 1940. Three men were 
largely responsible for this era of growth. They 
differed in the technical branches of chemistry which 
they practiced and in their special fields of interest 
within the bounds of the history of chemistry, but all 
three were united by a deep and intense interest in the 
causes of the position which chemistry occupies today. 

These men were Edgar Fahs Smith? (1854-1928) of 
the University of Pennsylvania, Charles Albert Browne* 
(1870-1947) of the United States Department of 
Agriculture, and Tenney Lombard Davis (1890- 
1949) of the Massachusetts Institute of Technology. 
Smith was an administrator and inorganic chemist, 
Browne a specialist in the chemistry of sugar, and 
Davis an organic chemist and an expert on explosives. 
They were equally individualistic in their approach to 
the history of chemistry. Smith was chiefly interested 
in the personalities of the great chemists. Browne 
followed the changing ideas of the leaders of the science 
through the years. Davis was pre-eminently the 
philosophical historian who applied in full the methods 
of the scientist in historical research. No fact was too 
obscure for him to track down, no point was accepted 
until it had been checked with every available source. 
He never tolerated loose thinking or scholarly careless- 
ness. Asa result his historical studies occupy a unique 
place among those of American historians of chemistry 
and his contributions stand as a firm base for future 
advances in the field. 





1 Presented before the Division of the History of Chemistry at 
the 116th Meeting of the American Chemical] Society at Atlantic 
City, September 20, 1949. 

2 J. Cuem. Epuc., The Edgar Fahs Smith Memorial Number, 9 
(1932). 

3 KuicksTeIn, H. §., anp H. M. Leicester, J. Cumm. Epuc., 
25, 315 (1948); Derscuer, C. K., “Chymia,”’ 1, 11 (1948). 


HENRY M. LEICESTER 

College of Physicians and Surgeons, San Francisco, 
California 

HERBERT S. KLICKSTEIN 

Edgar Fahs Smith Memorial Collection, University of 
Pennsylvania, Philadelphia, Pennsylvania 


Tenney Davis was a man of great versatility. This 
was clear even in his youth. The interests he de- 
veloped as a boy foreshadowed the activities of his 
mature life. He was born January 7, 1890, in Somer- 
ville, Massachusetts. From his grandfather, who 
taught mathematics in a well-known preparatory 
school, he inherited a sense of scientific exactness and 
an interest in science which was reflected in the chemical 
laboratory which he set up in his boyhood home. 
From his mother, a lover of poetry and the Bible, he 
gained a knowledge and an appreciation of literature 
which enriched both his life and his writings. In col- 
lege he wrote and directed plays, and in later life he 
often composed poems and humorous couplets. An 
aunt, who was a deep lover of nature, and an old 
Indian in Ogunquit, Maine, where he spent his early 
summers, were the ones to whom he owed much of his 
knowledge of trees, plants, and insects. The interests 
thus aroused remained in his adult life. Forestry 
was one of his hobbies; he spent many hours in his 
own woods, observing trees and other growths, and 
in particular he became very interested in spiders. 

The last book which he had bound for his library 
was a work on the spiders of Connecticut. His wide 
interests brought him into contact with men in many 
specialties, but few of these knew of his work in 
fields outside their own. His modesty was such that 
even his intimate friends often failed to realize the 
richness and complexity of his character. 

During his college years, at Dartmouth from 1907 to 
1909, and at Massachusetts Institute of Technology 
where he obtained a B.S. in 1913, as well as at Harvard, 
which granted him an A.M. in 1915 and a Ph.D. in 
1917, the two chief interests of his life, chemistry and 
philosophy, found their earliest systematic develop- 
ment. His philosophical interests were so great that 
he spent the year of 1916-17 in California as Sheldon 
Traveling Fellow in Philosophy. It was this interest 
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in philosophy and the history of the intellectual. and 
logical development of mankind that first attracted 
him to the study of the history of chemistry. This 
work was interrupted by the first world war. In 
1917 he entered the Ordnance Corps, spending most of 
his wartime service period in France. 

On his return to America, the pattern of his life had 
been set.. As an organic chemist, his interests were 
henceforth directed toward the chemistry of explosive 
substances and this field-he developed actively during 
the years from 1919 to 1942 which he spent in teach- 
ing at the Massachusetts Institute of Technology. 
The culmination of this work was his two-volume text, 
“The Chemistry of Powder and Explosives,” published 
in 1941 and 1945. Over 60 scientific papers and 20 
patents reflect his activity in this field. His philosophi- 
cal interests, shown by an early series of ten articles, 
merged into his studies in history, but in all of his 
historical work his philosophical background is clearly 
evident. He published 80 papers in the history of 
chemistry. In addition he published over 150 book 
reviews and 102 editorials and popular scientific articles 
for newspapers and magazines. 

It is possible to trace a logical development of ideas 
and subjects through the historical papers of which he 
was the author. His first studies represented a com- 
bination of his interests in philosophy and explosives. 
As early as 1919 he published a short paper on Roger 
Bacon and gunpowder, and this was followed in 1923 
by a book on the letters of Bacon. It was natural 
that a study of Bacon should lead him to the subject 
of alchemy, and from this his interest shifted to the 
chief movements at the end of the alchemical period. 
A series of papers on phlogiston, Boyle, and Boerhaave 
followed. His paper on the first edition of the ‘‘Scepti- 
cal Chymist” solved many problems which had existed 
among bibliographers in this field. 

Early in his career he met Edgar F. Smith and C. A. 
Browne, who had founded in the American Chemical 
Society a Section on the History of Chemistry. Both 
men were impressed by the interest and ability of 
Davis, and soon the three were working actively 
together to advance the progress of the Section. T. L. 
Davis served as Secretary of the Section, and of the 
Division into which it developed, for seven years, and 
for seven years more, from 1932 to 1939 he was the 
Divisional Chairman. His work did much to lay the 
foundations for the future growth of the Division. 
His association with E. F. Smith and C. A. Browne 
led him to publish several papers on notable New 
England chemists, but he never made the history of 
American chemistry a field of his major interest as did 
the other two men. His work always lay in the wider 
aspects of science, and particularly in the philosophical 
ideas which lay behind its development. 

Early in 1930 a fortunate opportunity enabled him 
to enter an entirely new field in the history of chem- 

3 





* A complete bibliography of his historical papers will appear in 
“Chymia,” 3 (1950). 
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istry. A Chinese graduate student, Lu Ch’iang Wu, 
directed his attention to the Taoist Classics which 
contained material of an alchemical nature. In col- 
laboration with Wu, and later with other of his Chinese 
students, Davis investigated this new subject with his 
usual thoroughness. Of his 80 papers on the history of 
chemistry, 35 deal with Chinese alchemy and chem- 
istry. He traced the origin and development of this 
alchemy, showed its relation to European alchemy, 
and gave the world the first translations into a western 
language of the principal known Chinese alchemical 
texts. His philosophical background fitted him es- 
pecially for this work, since the texts all had a strong 
philosophical content. His papers will always be the 
basic starting point for future researches in this field. 

At the same time, his wide correspondence with 
scholars in other lands brought him much historical 
material which he could not otherwise have obtained. 
Through his friendship with Boris N. Menshutkin, the 
well-known Russian historian of chemistry, he ob- 
tained Russian books which were almost unknown in 
this country. His correspondence with Menshutkin, 
with his friends in China, and with historians of chem- 
istry everywhere, gives a revealing picture of the work 
in progress in the field from 1930 to his death. It is 
enlivened with many absorbing personal items as well. 

He was a member of the editorial boards of the 
JOURNAL OF CHEMICAL Epucation, Isis, and Archeion, 
and from 1948 he edited “‘Chymia,” the Annual in the 
History of Chemistry published by the Edgar Fahs 
Smith Memorial Collection in the History of Chemistry 
at the University of Pennsylvania. This publication 
represented to him the realization of a dream for a 
journal in the history of chemistry which had been 
desired by Smith, Browne, and himself, and which 
they had often discussed in the Division of the History 
of Chemistry. 

Toward the end of his life, Tenney Davis combined 
the threads of his various interests and began to publish 
papers on Chinese fireworks and the early history of 
pyrotechnics. There is little doubt that if he had 
lived he would have opened new vistas in this field as 
he had done in the others which he studied. 

His critical mind, his insistence on accuracy, and 
his sound scholarship are revealed in all his work. 
His insistence on originality and complete documenta- 
tion in the papers for ‘““Chymia” were important points 
in setting the standards at a high level for this publica- 
tion. An excellent example of the exactness of his 
thinking is given by the following quotation from one 
of his letters on the editorial policy for “Chymia”’: 


I think it would be fine if the editors would decide now, once 
and for all, and make it a matter of office practice and invariable 
style to talk about history of chemistry, not chemical history. The 
meanings are different, as different as elements of chemistry from 
chemical elements. Faraday was careful in the usage of words, ex- 
act in his speech, and entitled one of his books ‘“‘The Chemical 
History of a Candle.” It did not treat of the history of chemistry. 


It was because T. L. Davis applied this critical 
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approach to his own work that his publications occupy 
the high position that they do. 

In 1942, while at the height of his activity, Davis 
was stricken with a coronary thrombosis. He was 
forced to retire from his teaching duties, and although 
he retained a consulting position with National Fire- 
works, Inc., he lived quietly at his home in Norwell, 
Massachusetts. He continued to correspond with his 
friends, to drive through the countryside, and to carry 
on his literary and editorial work, but the knowledge 
of the uncertain state of his health was continually 
with him. It is remarkable that he accomplished all 
he did before his sudden death on January 25, 1949. 

Tenney L. Davis enjoyed reading the Bible, from 
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which he could quote extensively. He gave two lay 
sermons at the Unitarian Church, one in Norwell and 
one in Cohasset. The philosophy which guided him 
through his last years and gave him the courage to 
continue his work seems to be summed up in the quota- 
tion which he used as the text for one of these sermons: 


We are troubled on every side, yet not distressed; we are per- 
plexed, but not in despair; persecuted, but not forsaken; cast 
down, but not destroyed... For our light affliction, which is but 
for a moment, worketh for us a far more exceeding weight of glory; 
while we look not at the things which are seen, but at the things 
which are not seen; for the things which are seen are temporal; 
but the things which are not seen are eternal. (II. Cor. IV, 8, 9, 
17, 18.) 


FEBRUARY MEETING OF THE SOUTHERN SECTION 


AT THE meeting held at Immaculate Heart College, 
Los Angeles, on February 18, 1950, coffee and breakfast 
rolls were served, from 9:30 to 10:30 a.m., through the 
courtesy of the college, and over a hundred enjoyed the 
hospitality and good fellowship of the hour. 

At 10:30, after a welcome by Sister Eucharia, Presi- 
dent of the college, a panel discussion was held, in 
which the panel participants were: 

Program Chairman: Robert Harper, Los Angeles 

City College. 

Discussion Leader: Harper Frantz, Pasadena City 

College. 

Panel Members: Charles Copeland, University of 

Southern California; Frank Lambert, Occidental 

College; James McCullough, U.C.L.A. 


The subject of the discussion was: The subject matter 
of freshman chemistry is already overcrowded; what 
can we throw out? 

The discussion touched upon the following points: 
the purpose of freshman chemistry, the possibility of 
omitting historical material, chemical arithmetic, 


descriptive material, and laboratory work. The Brown 
University plan, offering organic chemistry in the 
first year, was discussed. Reference was made to the 
article on the Brown plan in J. Comm. Epuc., 26, 10 
(1949). 

During the luncheon Dr. Brantley of Occidental 
College, chairman of the section, introduced the 
officers of the organization and many of the guests. 
A report on the membership was made by Sister Agnes 
Ann, following which the principal address by Dr. 
Linus Pauling of the California Institute of Technology 
was delivered. His topic was, “What Should Be Put 
into Freshman Chemistry.” 

Dr. Pauling touched briefly upon the discussion of 
the panel and went on to deal very specifically with 
his views of the purpose of Freshman Chemistry, and 
what he thought should be included. He spoke for 
continued growth, an absence of standardization in 
the course, and the value of the individual treatment 
each teacher gives the subject. He felt that structural 
chemistry was of primary importance. After a full 
period of questions from the audience the meeting was 
adjourned. 


The Southern California Section of the Association 
will hold a joint meeting with the Southern California 
Sections of the A. C. 8S. at their Regional Meeting 
Saturday, April 29, at Pomona College at Claremont, 
California. 

The program will include: In the morning, papers 
on metallic magnesium, violations of the food and drug 
act, and recent developments in applied nuclear chem- 
istry, as well as a moving picture entitled ‘Fraud 
Fighters.” In the afternoon, a panel discussion on 
general cherristry for non-science majors, and a paper 


on the place of radiochemistry in the undergraduate 
program. 

The Northern California Section of the Pacific 
Southwest Association of Chemistry Teachers will 
hold their spring meeting at San Francisco State 
College, Saturday, April 22, 1950. This meeting is in 
conjunction with that of the National Science Teachers 
Association which is being held at the same time and 
place. A joint session on curriculum problems in sci- 
ence in the secondary school program and a joint 
luncheon will form part of the day’s program. 
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DEMONSTRATING RADIOACTIVITY BY 
AUTORADIOGRAPHY” 


Henri BECQUEREL in 1895 discovered that uranium 
compounds are capable of fogging photographic plates. 
The spontaneous emission of radiations by uranium, 
that was shown to be the cause of the fogging, he termed 
radioactivity. Thus, the process now known as auto- 
radiography goes back to the very beginning of the 
science of nucleonics. Experiments on autoradiography, 
therefore, have a historical significance and fer that 
reason are worth a place in introductory courses. 
Furthermore, they are easy and inexpensive to do, re- 
quiring little special equipment or supplies. 

The photographic test for radioactivity in rocks, de- 
scribed by the U. S. Atomic Energy Commission in its 
valuable little handbook,’ is a good illustration of the 
simple autoradiographic technique. The test is made by 
wrapping a strip of unexposed camera film in opaque 
photographic paper, placing a key or other small 
metallic object on the wrapped film and the rock sample 
on top of both. If activity is present in the rock, an 
autoradiograph of the metal object is obtained when the 
film is developed. A specimen of pitchblende will pro- 
duce a clear image in one day. 

Special emulsions,‘ like the Eastman Kodak Com- 
pany’s Type NTA, have been developed which are not 





| Based on a paper presented at the 254th meeting of the New 
England Association of Chemistry Teachers, Rhode Island School 
of Design, Providence, Rhode Island, February 11, 1950. 

* The statements and opinions expressed are those of the author 
and do not necessarily represent the views of the Ordnance De- 
partment. 

3 “Prospecting for Uranium,” U. 8. Atomic Energy Com- 
mission and U. S. Geological Survey, Washington, 1949, p. 23. 
Obtainable from U.S.A.E.C., Document Sales Agency, P. O. 
Box 62, Oak Ridge, Tennessee, or from Superintendent of Docu- 
ments, Government Printing Office, Washington 25, D. C. 
(Price 30¢). 

‘ Yacopa, Herman, “Radioactive Measurements with Nuclear 
Emulsions,” John Wiley and Sons, New York, 1949; cf. also, by 
the same author, ‘“Tracks of densely ionizing particles in nuclear 
emulsions,”’ Nucleonics, 2, 2 (1948). 


LAURENCE S. FOSTER 


Watertown Arsenal Laboratory, Watertown, 
Massachusetts 


sensitive to light, beta particles, or gamma radiation, but 
which are highly sensitive to such densely ionizing 
particles as the mesons, protons, titons, alpha particles, 
and fission fragments. Other types of special emulsions, 
designated as NTB-1, NTB-2, and NTB-3, have vary- 
ing sensitivities to beta rays. Type NTC is used for re- 
cording fission fragments.’ Fortunately, these special 
emulsions are no more needed for demonstrating auto- 
radiography than they were in Becquerel’s day, since 
ordinary photographic film, lantern slides, and X-ray 
emulsions can be used for this purpose. These optical 
emulsions are sensitive in varying degree to light, gamma 
radiation, beta particles, and alpha particles. If 
uranium compounds are used to expose photographic 
material, still wrapped in its black cover paper, for the 
most part only the beta particles and gamma radia- 
tions of the daughter elements present penetrate into the 
emulsion. U?* itself isa pure alpha emitter and its alpha 
particles would be stopped by the wrapping paper. Sam- 





5 Information concerning these special emulsions may be ob- 
tained from the Industrial Photographic Sales Division, East- 
man Kodak Company, Rochester, New York. + 


Figure 1. Ceramic Plate and Cereal Dishes Colored Orange by Means 


of Uranium in Glaze 





Figure 2. Autoradiograph of Plate 


Positive print from negative made by setting plate right side up on X-ray 
film. Dark circle shows where glaze has been worn off. 


ples of purified uranium compounds that have been al- 
lowed to age are, therefore, more effective than when 
freshly made. 

The demonstration of radioactivity can be carried 
out in the classroom. A dense metallic object is placed 
on the wrapped photographic plate (a lantern slide 
plate is excellent), and covered with a radioactive 
source. The assembly can be tied together with “Scotch 
Tape” and put in the lecture table drawer until the next 
class meeting. When the class has reassembled, the 
lecture hall is darkened except for a red photographic 
safe light, and the exposed plate developed and fixed in 
front of the glass. The fixed negative thus produced 
autoradiographically can be projected while still wet 
for inspection by the class. 

In place of samples of radioactive ores, an even more 
interesting source of radiation is the orange-colored 
pottery, made extensively up until 1942. One trade 
name was “Fiesta-Ware.” The pigment for the orange 
or tangerine-colored glaze contains uranium, added 
probably as the yellow trioxide, UO;, or as sodium 
diuranate, NazU,07-6H,O. The orange color developed 
is closer to that of the peroxide, UQ,. It will be recalled 
that up until 1942, uranium was a by-product material 
of little value, used primarily in ceramic colors. Dishes 
colored with uranium are sufficiently radioactive to give 
a good autoradiograph in 24 or 48 hours exposure. The 
photographs that have been reproduced in Figures 2 and 
3 were made with such dishes, shown in Figure 1, using 
Eastman Type A Industrial X-ray film, with a 48-hour 
exposure. If the orange dishes are brought near a Geiger- 
Miiller counter tube, attached to a radiation survey 
type instrument with a loudspeaker, a satisfying, rapid- 
fire barrage is heard, reflecting the individual nuclear 
explosions. 
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So far as health hazards are concerned, these dishes 
are not dangerously radioactive. The half life of 
uranium (U?*) is very long, being 4.51 X 10° years. 
Such dishes are not so radioactive as a luminous wrist 
watch dial containing radium. 

To obtain a visible darkening on the developed pho- 
tographic plate, one needs about 10° alpha or beta 
counts/cm.?, and for a reasonably dense negative about 
10’ counts/cm.” This fact can be used to emphasize the 
extfeme sensitivity of the autoradiographic process, by 
having the student calculate the number of uranium 
atoms needed to produce this number of counts from 
the half life. The alpha activity of uranium is 740 dis- 
integrations per milligram per minute. 

The literature on the autoradiographic technique is 
extensive. A survey on biological applications* is avail- 
able from the U. S. Atomic Energy Commission. 

A laboratory experiment can be worked out to deter- 
mine (1) the optimum exposure time, the best type of 
film, and the processing variables; (2) the penetrating 
power of the effective radiations, using different thick- 
nesses of aluminum and lead sheet; and (3) the de- 
pendence of shielding efficiency of thin metallic sheets 
on the “density” (in grams per square centimeter) and 
not directly on the atomic number. For such studies 
standard size sources and use of optical densitometers 
in making the comparisons would be desirable. 

Recently a precise autoradiographic procedure was 
reported that served to determine the half life and to 
identify a radioactive species responsible for fogging of 





6 AxeLrop, Dorortuy J., “The Radioautographic Technique,” 
Isotopes Division Circular No. A-4, January, 1948, is obtainable 
from the Isotopes Division, Oak Ridge Operations, U. S. Atomic 
Energy Commission, Oak Ridge, Tennessee. 


Figure 3. Autoradiograph of Cereal Dish 


Positive print from negative made by setting dish up side down on X-ray 
film. Crack on rim shows up as dark line. 
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photographic plates in their original shipping containers. 
It was possible to show that the cause was a cerium 
isotope, Ce'*!, trapped in the strawboard, made in Vin- 
cennes, Indiana, on August 6, 1945, in which the film 
was packed, that probably resulted from the test ex- 
plosion of the atom bomb on July 16, 1945, over 1000 
miles away in New Mexico.” 





7 Wess, J. H., “The fogging of photographic film by radio- 
active contaminants in cardboard packaging materials,” 
Phys. Rev., 76, 375-80 (Aug. 1, 1949). 


To the Editor: 

Referring to the article “The use of pyridinium bro- 
mide perbromide for brominations” which appeared in 
the November edition of the JouRNAL oF CHEMICAL 
EpucaTIon, I should like to suggest brominating 
n-butyl alcohol by dissolving PBP in n-butyl alcohol, 


rather than in methyl alcohol. By such procedure not 
only the yield increases but one may prevent bromina~- 
tion of methyl alcohol. 

Of course arguments might arise about the difficulties 
of dissolving PBP in n-butyl alcohol, but such problems 
can be overcome. 


NATHAN STEINBERG 
PanaMA, REPUBLIC OF PANAMA 


To the Editor: 


In a recent paper Finholt* has called attention to the 
confused treatment of configuration in several of the 
leading textbooks of organic chemistry. Any teacher 
(or student) of organic chemistry who has made any 
comparison of current texts will certainly agree with 
Finholt that authors of organic texts should employ ac- 
cepted conventions in treating this important topic. 

It appears, however, that Finholt’s presentation 
requires clarification and ‘extension on two important 
points. Finholt uses the terms “accepted” and “cor- 
rect”’ interchangeably for the recommended notation 
and configuration for p-(dextro)-glyceraldehyde (see 
equation). Use of the term “correct” implies that the 
absolute configuration of p-(dextro)-glyceraldehyde is 
known when in reality Configuration a is equivalent to 
Configuration b only by agreed assumption? and the 

1 Fnnot, R. W., J. Cuem. Epuc., 26, 591 (1949). ‘ 


2 Rules of Carbohydrate Nomenclature, Chem. Eng. News, 26, 
1623 (1948). 





In calling attention to the radioactivity of orange- 
colored Fiesta-Ware, efforts should be made to avoid 
causing undue alarm. On the other hand, it is apparent 
that under the Atomic Energy Act, uranium can no 
longer be used for ceramic colors. Dishes colored with 
uranium will become increasingly rare “antiques.” It 
behooves those who wish to procure examples of such 
dishes to start their collections now while they may still 
occasionally be found for sale, or still remain whole on 
the pantry shelf. 


CHO 


da,on 
Configuration b 


CH,OH 
Configuration a 


molecule represented in Configuration a might quite 
as well be the enantiomorph (1-(levo)-glyceraldehyde). 
Indeed if the conclusions of Waser* concerning the 
configurntion of dextro-tartaric acid are accepted this 
is the case and Configuration a instead of being identical 
with Configuration 6 is actually the enantiomorph. 
It seems unfortunate to use the term “correct”’ for a 
three-dimensional representation until this point is 
finally and unequivocably settled. 

The second point in Finholt’s paper requiring clari- 
fication has to do with the statement (page 592), 
“Levo tartaric acid (from galactose) would be as shown 
in Figure 5 and is actually p-(levo)*tartaric acid.” 
Like Finholt, the writer prefers to designate the 
levorotatory form of tartaric acid as p-(levo)-tartaric 
acid but it must be recognized that there is also justi- 
fication for designating this same substance as L- 
(levo)-tartaric acid.‘ It seems that confusion on this 
point can be avoided only by the use of the designa- 
tions p,-(levo)-tartaric acid and _ 1,-(ievo)-tartaric 
acid as recommended in the report on nomenclature of 
natural amino acids and related substances. ° 

With Finnolt, the writer sincerely hopes that the 
recommendations of the A. C. 8S. Committee on Nomen- 





* Waser, J., J. Chem. Phys., 17, 498 (1949). 

4 WHexann, G. W., “Advanced OrganioChemistry,” John Wiley 
and Sons, Inc., pp. 316, 321. 

5 Chem. Eng. News, 25, 1363 (1947). 





clature?> will be adopted by the authors of future 
editions of textbooks of organic chemistry. It is 
certainly most unfortunate that the conventions 
generally used in the research journals are either ignored 
or misused by the authors of widely used textbooks. 
The task of teaching organic chemistry will be made 
much easier by the general use of standard conventions. 


Warp C. SuMPTER 


WEsTERN KENTUCKY STATE COLLEGE 
Bow ine GREEN, KENTUCKY 


To the Editor; 

From time to time, graduates of our school visit us 
and a few tell us that when taking freshman chemistry 
at college, they encounter some instructors who spend 
part of the first lecture period “belittling” high-school 
chemistry and passing sarcastic remarks concerning the 
ignorance of secondary-school chemistry teachers. 
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This has made me very curious and I am anxious to 
learn the cause for such action. Do these instructors 
feel that this is the best way for building up prestige or 
do some of them have an inferiority complex to cover 
up? It seems to me, that even if the criticism of 
secondary-school chemistry teachers were true (which, 
of course, I do not concede), then it is an example of 
poor ethics to attempt the degradation of col!eagues in a 
similar profession. 

Some of these instructors might also be reminded that 
we high-school chemistry teachers are the products of 
the colleges taught by these instructors. 

I would appreciate receiving your opinion in this 
matter, as this has happened in a few instances re- 
cently to students attending different colleges. 


MEYER TARLOWE 


ABRAHAM CLARK HiGH ScHoon 
RosELLE, New JERSEY 


Keceut- Sooke 


e ELEMENTARY QUALITATIVE ANALYSIS 


Bruce E. Hartsuch, Associate Professor of Chemistry, Michigan 
State College. D. Van Nostrand Company, New York, 1949. 
ix + 192 pp. 23 figs. 22tables. 21 X 27.5cm. $3. 


A LIMITED amount of the material usually found in a qualitative 
analysis course is divided into four parts. Part I, Theoretical 
Foundation (8 chapters); Part II, Study of Cations (5 groups); 
Part III, Study of Anions (4 groups); and Part IV, Miscellaneous 
Tables, Solutions, and Reagents. 

Part I is simplified and shortened by omitting much of the 
theoretical discussion that goes into a complete course in qualita- 
tive analysis and replacing it with simple statements of mathe- 
matical relationships and straightforward calculations from these 
relationships. Mathematical discussion of amphoteric hy- 
droxides, hydrolysis. and oxidation, and reduction equilibria is 
omitted. Complex ion formation is mentioned only in the labora- 
tory section. Each chapter except for the discussion of ampho- 
terism is accompanied by a list of questions and problems which 
vary in number from 15 to 28. 

The laboratory study of the cations (Part II) contains methods 
of analysis and identification reactions for 21 metallic ions. The 
major omission is the arsenic, antimony, and tin subgroup. The 
instructions are given directly in simple language that should be 
easy for the student to understand. The presence of complete 
and well-arranged report blanks with each group simplifies the 
reporting and grading procedure. The ten question sets that 
accompany this section offer a means of testing the student’s 
understanding of the laboratory work. 

Procedures for the separation and identification of the ten most 
important anions accompanied by three question sets make up 
Part III. 

The fourth section of the book contains the usual tables found 
in textbooks of this sort but abbreviated and related to the other 
sections. Although the printing and arrangement of the other 
sections are very well done, the spacing of the tables to fill the whole 


page in this last section would do much to increase the readability. 

The author has succeeded very well in carrying out the objec- 
tives that he set forth in the preface. That is, to prepare a 
course to be taken by a heterogeneous group of non-chemists 
whom he does not feel should be required to carry the same load 
or take the same examinations as the chemistry major. The 
laboratory work is written primarily for filtration methods of 
separation but in general the amounts of reagents used are s0 
small that semimicro techniques could be used with only slight 
modifications. 

This condensed but well-written textbook should be of great 
use to chemistry departments that have the problem of servicing 
large group of students having to take the course as a requirement 
and not.having a particular interest in the subject. 


JAMES F. CORWIN 
Antiocu CoLLEGE 
Yx.iow Springs, On10 


* FUNDAMENTALS OF SYNTHETIC POLYMER TECH- 
NOLOGY 


R. Houwink, External Lecturer in the Technical University at 
Delft, Netherlands. Elsevier Publishing Company, Inc., New 
York, 1949: xii + 258 pp. 194 figs. 67 tables. 16.5 X 
24.5 cm. $3.75. 


Tuts book is the first in the Elsevier’s Polymer Series of which 
eight volumes have been announced. It is a revision or second 
edition of the author’s book ‘Technology of Synthetic Polymers” 
(1947). The title has been changed, the author states, in order 
to emphasize that the purpose of this book is to present the 
fundamental background of polymer technology while avoiding 
minor details. 

The basic principles of polymer science are treated in Chapters 
I to IV, 69 pages in all, covering the chemistry of polymers, bonds 
inside and outside the molecules, the physics and colloid chemistry 
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of polymers, and the standardization and testing of polymer 
properties. The remainder of the book, 12 chapters covering 
179 pages, deals principally with descriptive material on the 
manufacture, properties, and applications of polymers related 
to various raw materials—cellulose, proteins, natural and syn- 
thetic rubbers, ethylene, etc. A chapter on the processing of 
polymers and one entitled Economic Aspects are also included. 

It is obviously impossible to encompass with thoroughness such 
an ambitious outline in a book as small as this one. The treat- 
ment of theoretical problems, though highly condensed, is stimu- 
lating and effective. The reader may wish that the author had 
expanded this portion of the book and limited the content of 
this volume to correspond more nearly to the title. It is true, 
however, that with the brief treatment of each topic appro- 
priate references are given to other books and articles for more 
complete information. 

The chapters which deal with particular classes of polymers 
generally provide little more than an outline of each subject. 
The chapter on Synthetic Rubbers covers 23 pages, that 
entitled Polymers Based on Ethylene and its Derivatives like- 
wise extends for 23 pages; but the chapter on Silicones is 
limited to 4 pages, Alkyd Resins and Other Polyesters are treated 
in 4 pages, and only 5 lines of text are given to polyviny] ethers. 

In the opinion of this reviewer, what is presented is excellently 
done within the limitations indicated. This book can be recom- 

| mended to persons already somewhat familiar with the science 
of polymers as an intensive and sound survey of the field which 
provides a consistent framework for the subject material. 


HARVEY A. NEVILLE 
LexicH UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 


e QUALITATIVE AND VOLUMETRIC ANALYSIS 


J]. C. Giblin, Member of the Society of Public Analysis and Other 
Analytical Chemists. Senior Chemistry Master, Royal Grammar 
School, Worcester, England. Longmans, Green and Co., New 
York; 1948. xiii + 175 pp. 125 xX 18.5 cm. $1.60. 


THE object of this book, as stated in the preface, by the British 
author, is “to provide a complete course in Qualitative and Volu- 
metric Analysis. It should also satisfy the requirements of first 
and second year University students and those preparing for pro- 
fessional examinations such as the Ist M.B.” 

The materia] in this volume is presented in four parts. Part 1, 
31 pages, covers the qualitative analysis of simple salts and easy 
mixtures, including dry reactions, dissolving, and wet tests for 23 
metals and 26 acid radicals. Part 2, 29 pages, deals with the 
qualitative analysis of more difficult mixtures, including two or 
more metals in the same group. Of this, some 14 pages are de- 
voted to an explanation of the tables for group procedures. Part 
3, 20 pages, treats of organic reagents for metals and acid radicals. 
Part 4, 86 pages, is devoted to volumetric analysis. Here are in- 
cluded a total of 60 experiments: 12 covering acids and alkalies; 
oxidation, (a) KMnO,, 11 expts., (b) KeCr.0z, 6 expts., (c) iodine, 
14 expts., (d) bromine, 2 expts., (e) ceric sulfate, 2 expts.; reduc- 
tion, titanous sulfate, 2 expts. ; precipitation processes (a) AgNOsg, 6 
expts., (b) KsFe(CN)g, 1 expt., (c) BaCle, 1 expt., (d) UO.(C2H;0-)., 
lexpt.; and miscei eneous reactions, 2 expts. There is a short 
table of solubility products (p. 47), a table of atomic weights, and 
4 four-place table of logs and antilogs, but there are no tables of 
ionization constants or oxidation potentials, and the book has no 
index. 

Obviously, the book has covered a large range of material, but it 
is equally obvious that the description of qualitative procedures is 
very brief and the type of theoretical material to which we are 
accustomed in this country is almost wholly missing. 

It is difficult to see how this book could be used as a text for such 
courses as we are accustomed to in this country, and yet for the 
student who has ample time to experiment for himself, the exer- 
cises outlined here would provide a real grasp of the laboratory 


side of much of classical, analytical chemistry. With such a 
background, there should be little trouble in adding the theory in 
a regular course in physical chemistry. This, of course, reverses 
our practice which has involved a definite shift toward using the 
laboratory largely to exemplify the theoretical material being 
presented in class. However, one cannot help wondering occa- 
sionally, whether our method doesn’t actually fail to make the 
student realize that chemistry is still an experimental science 
and that accurate experimental data are still of fundamental im- 
portance in advancing the science. 


R. K. MCALPINE 
UntversiTy oF MIcHIGAN 
Ann Arsor, MicHIGaNn 


y INTRODUCTION TO SEMIMICRO QUALITATIVE 
ANALYSIS 


C. H. Sorum, Professor of Chemistry, University of Wisconsin, 
Madison, Wisconsin. Prentice-Hall, Inc., New York, 1949. 
ix +196 pp. 6 figs. 3tables. 14.5 X 21.5 cm. $2. 


Tuts book is well suited to the purpose for which it is intended. 
It is written for the second half of a course in which both general 
freshman chemistry and qualitative analysis must be compressed 
into a one-year course. Dr. Sorum succeeds very well in his 
attempt to present the material in such a way that it should be 
easily understandable by students who have had no more than 
one-half year of general chemistry. The book should be success- 
ful in leading the students through the accepted routine of quali- 
tative analysis and of providing them with adequate understand- 
ing of the particular reactions involved. The book of necessity 
cannot, of course, mention the occurrence, general properties, 
or importance to mankind of the materials encountered. In the 
preface Dr. Sorum states, “Only 21 metals and 13 acids are 
considered. Furthermore only those aspects of the chemistry 
of the cations and anions which have direct bearing on the 
behavior of these cations and anions in the course of their separa- 
tion and identification are presented. As a consequence, the 
content of the manual can be completed in one semester.” 

Those teachers who wish to give a brief course in semimicro 
qualitative analysis and who can have centrifuges available will 
do wel] to consider Dr. Sorum’s book. 


RAY WOODRIFF 
Montana State CoLtiece 
Bozeman, MontTANA 


@ CHEMICAL ACTIVITIES OF FUNGI 


Jackson W. Foster, Professor of Bacteriology, University of 
Texas, Austin, Texas. Academic Press, Inc., Publishers, New 
York, 1949. xviii + 648 pp. 35 figs. 55 table’. 16 X 24 cm. 
$9.50. 


In THE “Chemical Activities of Fungi’ we have at long last a 
volume to fit the needs of the teacher and the student of the 
“new,” physiological mycology. Here are brought together in an 
authoritative manner, critically evaluated, the basic as well as the 
more modern developments in the rapidly expanding field of mold 
metabolism. Best of all, Foster’s historical approach to the topics 
under consideration and his careful step-by-step development of 
them enables even the novice to follow the main arguments with 
comparative ease. Furthermore, the author at all times takes 
pains to orient the reader so that he grasps the larger significance 
of the special process under consideration. 

After a brief preface there is an introductory chapter which 
deals with the historical development and with recent aspects of 
investigations in mold metabolism. Such modern developments 
as molds as agents of chemical synthesis, of dissimilation, as 
physiological models are discussed. Also considered here are the 
contributions of mold metabolism to methods, the role of molds in 
natural processes, biochemical syntheses, the use of fungi as 





230 


analytical tools, and the modern industrial applications of mold 
metabolism. 

There are then chapters on the methodology of mold metab- 
olism, the chemical nature of the mycelium, and a general con- 
sideration of mold metabolism. A chapter on natural variation is 
followed by an excellent and comprehensive survey of modern 
work on mutations, physiological. genetics, and biochemical syn- 
theses in fungi. Here are discussed such topics as the induction 
of mutations by chemical and physical means and the techniques 
and results of the classical biochemical-genetical investigations on 
Neurospora by Beadle, et al. 

Subsequent chapters deal with trace element nutrition of 
fungi, the production of well-known organic acids (lactic, oxalic, 
fumaric, citric, itaconic, kojic, etc.), and the production of car- 
bohydrates. Chapter 18 describes a miscellaneous group of 
fungus activities such as sulfur and chlorine metabolism, the 
oxidation of long-chain saturated fatty acids, etc. The book 
closes with an extraordinarily informative chapter on the micro- 
biological aspects of penicillin, its history, and methods of pro- 
duction, which could have been written only by one with a back- 
ground of experience in modern industrial mycology such as the 
author obviously . This chapter closes as do all the 
others with a bibliography. Author and subject indexes are ap- 
pended. 

The present reviewer is no biochemist of fungi. As a mycolo- 
gist, however, he can quite readily evaluate the accuracy and 
clarity of presentation of the less specialized aspects of the ma- 
terial covered. It is his opinion that we have in Foster’s volume 
by far the most comprehensive and modern treatment of mold 
metabolism that has yet appeared. 


F. K. SPARROW 
University Or MicHiGgAN 
Ann Arpor, MICHIGAN 


* ORGANIC COATINGS IN THEORY AND PRACTICE 


A. V. Blom, Consulting Chemist, Zurich. Elsevier Publishing 
Company, Inc., New York, 1949. x + 298 pp. 121 figs. 82 
tables. 16.5 X 25.5 cm. ($4.75. 


Tuts book is the sixth in the Elsevier’s Polymer Series. It 
proposes to outline the principal facts and theories of organic 
coating science in the light of developments in the last two 
decades. The close relationship of this subject to the science 
of plastics is made apparent throughout this book since the 
presence or formation of macromolecules is essential to the 
mechanical requirements for both plastics and coatings, and the 
same basic materials may generally be utilized in both appliea- 
tions. 

Chapter I of this volume is entitled Fundamental Considera- 
tions and includes excellent discussions of plasticizing action 
and the process of film formation. The next two chapters pro- 
vide surveys of natural and synthetic film-forming materials. 
Chapter IV treats of film formation by the physical processes 
of evaporation and congelation; in Chapter V chemical film 
formation is discussed; pigments and their relationships to 
vehicles are the subject of Chapter VI; the final chapter (VII) 
is concerned with film properties and their testing. 

The presentation of theory in this book includes many signifi- 
cant generalizations supported by appropriate literature refer- 
ences, and numerous pertinent conclusions based upon the 
author’s own research and experience. The treatment of the 
more practical aspects of coatings, though necessarily abbrevi- 
ated in details, is generally adequate for a broad survey of the 
subject. It is apparent that the author is familiar with both 
the American and ‘he European literature and practice in the 
field of protective cvatings. 

It is probable that this book can add considerably to the 
basic knowledge and understanding of even the well-informed 
reader in this field. It is not, however, a satisfactory reference 
book on specific materials,-and the subject index fails in many 
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instances to reveal those factual details which are included, 
For example, there is no entry for Vinyl- or Polyvinyl- in the 
subject index although a section of 17 pages in Chapter III is 
entitled Vinyl- and Allied Copolymers and these materials are 
also referred to in other portions of the text. Likewise, Styrene 
and Polystyrene are not found in this index but are frequently 
mentioned throughout the book. 


H. A. NEVILLE 
Leaicn UNIvERSsITY 
BeteLexeM, PENNSYLVANIA 


* SEMIMICRO QUALITATIVE ANALYSIS: A NON 
HYDROGEN SULFIDE SYSTEM 


Jacob Cornog, Assistant Professor of Chemistry, State University 
of Iowa, Iowa City, lowa. Herman T. Briscoe, Editor. Hough- 
ton Mifflin Co., Park Street, Boston, Massachusetts, 1948. xi + 
259 pp. 27 figs. Stables. 17 X 24cm. $3. 


Ir 1s refreshing and inspiring to the teacher, at least, to see a 
new book which does not follow the generally accepted procedure 
of analysis. Dr. Cornog’s book departs considerably from the 
ordinary scheme of analysis. The groups are as follows: 


1. Chloride group, precipitated by HCl, contains PbCl., 
AgCl, and HgCl. 

2. Sulfide group, precipitated by (NH,).S in acetate-acetic 
acid buffered solution, contains HgS, Bi.S;, FeS, CuS, 
CoS, NiS, CdS, PbS, ZnS, As-S;, Sb2S;, and SnS. 

3. Oxalate group, precipitated by NHHC.Q, and H,S0, 
gives BaSOQ, and CaC.Q,. 

4. Phosphate group, precipitated by H;PO, and NH,OH, 
gives Mn;(PO,)e, MgNH.POQ,, AlPO,, and CrPO,. 

5. Soluble group contains NH,*, K*, and Nat. 


Separations within the groups are, by and large, those ordinarily 
used, but the different grouping of the elements throws an 
entirely different light on many problems. The author states: 
“The system described in this book has been used by hundreds 
of students in widely separated places over a period of years. 
Over-all results are at least equal to those obtained with the 
Fresenius (H,S) system. Large laboratories are fume-free, and 
hydrogen sulfide generators are eliminated.” 

The book is apparently intended for students who have had 
about one-half year of general chemistry. 

The book is wire bound with paper leaves. Most students 
probably prefer such a binding when the saving is passed on to 
them. 

The first 51 pages are devoted to laboratory exercises. There 
are blanks to fill out at the end of each exercise. The next 16 
pages give directions for preparation of samples and analysis of 
cations. Alternative procedures are given to provide for 6 or 
13 anions. A section of 77 pages dealing with such topics as 
exponential numbers, ionic equilibria, and the balancing of oxida- 
tion-reduction equations precedes the appendix and index. 

Whether or not this system will replace the H:S system only 
time will tell. 

RAY WOODRIFF 

Montana State CotitecEe 

Bozeman, Montana 


~ A SOURCE BOOK IN GREEK SCIENCE 


Morris R. Cohen, Late Professor of Philosophy, College of the 
City of New York, and J. E. Drabkin, Department of Mathematics, 
College of the City of New York. McGraw-Hill Book Co., New 
York, 1948. xxi +579 pp. l4lfigs. 23 X 16cm. $9. 


Tuts is the latest volume to appear of the now well-known series 
of Source Books in the History of the Sciences under the general 
editorship of Gregory D. Walcott. The previcus anthologies of 
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astronomy, mathemiatics, physics, and geology have set a high 
standard of excellence and the present work is a worthy successor. 
No serious student of science can fail to be interested in the his- 
torical development of his field of endeavor, and no history of 
science, no matter how scholarly, can ever entirely replace the 
actual writings of former scientists as a source of historical in- 
formation. 

“A Source Book in Greek Science” is particularly welcome at 
this time, since it has long been fashionable to depreciate the 
scientific achievements of the Greeks, especially in the physical 
sciences. Many a specialist in physics and chemistry after read- 
ing that Galileo rid mechanics of the errors of Aristotle is content 
to let it go at that. The consideration that the principle of 
Archimedes is as valid today as when that eager searcher after 
truth leaped from his bath tub should prompt a second look at 
the folk who contributed so much to the intellectual background 
of our modern civilization. Modern scientists educated in scien- 
tific method as it has evolved since the 17th century are apt to be 
impatient with many of the questions which the Greeks felt that a 
scientific theory should try to answer. We should be made more 
modest by the reflection that our descendants may well consider 
the methodology of the 20th century naive 7 ineffective in 
meeting the problems they will face. 

The selections of the work under review are ‘fivided into the 
following nine categories: mathematics (88 pages), astronomy 
(53 pages), mathematical geography (38 pages), physics (169 
pages), chemistry and technology (21 pages), geology and 
meteorology (19 pages), biology (72 pages), medicine (62 pages), 
and physiological psychology (28 pages). Each main section is 
prefaced by an explanatory note outlining briefly the chief con- 
tributions of the Greeks in the field exemplified by the translated 
extracts from the original writings. These are supplemented by 
copious footnotes interpreting difficult passages in terms of 
modern notation and providing useful cross references. Some 
commentary of this kind appears necessary in an anthology of 
ancient science, for otherwise it is extremely difficult for the 
modern reader to put himself into the frame of mind of the ancient 
writer unless he has already thoroughly steeped himself in the 
original language and literature. 

The relatively large amount of space devoted to mathematics, 
astronomy, and physics refiects the emphasis which the Greek 
philosophers placed on the abstract sciences. From the stand- 
point of modern science an attractive feature is the attention paid 
to those philosophers who did not content themselves purely with 
abstract ideas but were willing to come to grips with the construc- 
tion and explanation of actual physical apparatus. Hero of 
Alexandria and Archimedes are notable examples. ‘The numerous 
well-drawn diagrams help materially in the understanding of the 
text in such cases. 

This volume can be warmly recommended to all students and 
teachers of science. 


R. B. LINDSAY 
Brown UNIVERSITY 
Provipence, Rope IsLanp 


e SURFACE CHEMISTRY 


Edited by Faraday Society. Butterworths Scientific Publications, 
London, England. Interscience Publishers, Inc., New York, 1949. 
334 pp. 163 figs. 31 tables. 18 X 24cm. $6. 


As INDICATED on the title page this book consists of ‘Papers 
presented for a discussion at a joint meeting of the Société de 
Chimie Physique and the Faraday Society held at Bordeaux 
from 5 to 9 October, 1947 in honor of Professor Henri Devaux 
published as a Special Supplement to Research, a Journal of 
Science and Its Applications.” 

A survey of the titles of papers and the names of the authors 
who contributed to this book will give a fairly good idea of the 
nature of its contents. The introduction to this book consistsof the 
Presidential address on L’Hygroscopicité des Lames Monomolécu- 
laires by H. Devaux, which is followed by 40 papers, 20 in French 
and 20 in English. To aid those who do not read both languages 
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easily, each paper is presented in full in the one language and then 
immediately following there is either a ful] translation or an 
adequate abstract in the other language. 

The papers are presented under four main topics: Theoretical, 
Physical Chemistry, Films on Solid Surfaces, and Biophysical 
Chemistry. 

It would be unfair to the authors as a whole to single out one 
or more of these papers for special mention. Practically all 
are good and owing to the diversity of topics treated, they con- 
stitute, in the aggregate, a substantial contribution to the rela- 
tively new field of surface chemistry. 

While this book can be read with profit by all persons inter- 
ested in colloids or in surface chemistry, it should be of special 
value to those engaged in biophysical chemistry researches who 
should find these papers both stimulating and helpful. 


F. E. BARTELL 
Universiry or Micutcan 
Ann Anpor, MicaiGan 


e ENCYCLOPEDIA OF CHEMICAL REACTIONS 


C. A. Jacobson, Professor of Chemistry, Emeritus, West Virginia 
University, Compiler and Editor. Volume III. Reinhold Pub- 
lishing Corporation, New York, 1949. xi + 842 pp. 16 X 
23.5cm. $12. 


Tue third volume in an important series, listing the reactions 
of the elements from cobalt to iridium. 


a THE GIVAUDAN INDEX 


Members of the Staffs of: Givaudan-Delawanna, Inc., New York, 
L. Givaudan & Cie, S. A., Geneva, Switzerland, and Givaudan 
& Cie, Paris, France. Givaudan-Delawanna, Inc., New York, 
1949. 378 pp. 16 X 24cm. 


Tuts volume covers the specification of synthetics and isolates 
for perfumery. 


s CHYMIA, VOLUME II 


Tenney L. Davis, Editor-in-Chief. University of Pennsylvania 
Press, Philadelphia, Pennsylvania, 1949. x +143 pp. Frontis- 
piece and 37 illustrations (19 plates). 16 X 24cm. $4. 


Tuts second volume of the series in the history of chemistry 
sponsored by the Edgar F. Smith Memorial Collection is dedi- 
cated to the late Tenney L. Davis (1890-1949) who organized 
the material but who did not live to see it in print. Henry M. 
Leicester, the present editor of “Chymia,” and the University of 
Pennsylvania Press are to be commended for the finished book. 

Volume two, like volume one, is a collection of essays on special 
topics in the history of chemistry, ranging from the development 
of the idea of the atomicity of matter in the theory of Democritus 
(“The Experimental Origin of Chemical Atomic and Molecular 
Theory before Boyle,’”’ by R. Hooykaas) to the famous laboratory 
of chemistry in Munich destroyed by bombs in the last war 
(“Das Chemische Laboratorium der Bayerischen Akademie der 
Wissenschaften in Miinchen,” by Wilhelm Prandtl). 

Four of the essays relate to the development of chemistry in 
the United States. H. S. van Klooster, in ‘““The Beginnings of 
Laboratory Instruction in the U. 8S. A.,” has written an excellent 
account of the early teaching of experimental chemistry in the 
schools in this country. Most of the students majoring in 
chemistry in our colleges today know nothing of the debt they 
owe the pioneers: Benjamin Silliman and his pupil Amos Eaton. 
“An Irish-American Chemist, William James Mac Neven, 1763- 
1841,”’ by Desmond Reilly, gives a rather detailed picture of a 
man who, after his arrival] in New York, worked as a chemist, a 
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physician, and a teacher but who in the vigorous years of his 
youth devoted much of his time and energy to social and political 
reform in his native Ireland. In ‘Brenngliser als Hilfsmittel 
chemischen Forschens,” by Rudolf Winderlich, one learns that 
Priestley’s discovery of oxygen by the decomposition of red 
mercuric oxide was dependent on his having a fine, and fairly 
large, mounted condensing lens with the use of which the tempera- 
ture of decomposition could be reached. Lavoisier employed 
such a lens for the same purpose. Tenney L. Davis’ ‘“Pulvis 
Fulminans” ends with an account of its preparation about 1830 
by Samuel Guthrie who “in the backwoods of upper New York 
state manufactured fulminating powder and sold it to hunters 
and sportsmen for priming their firearms.” Guthrie incidentally 
used the same proportions of niter, carbonate of potash, and sulfur 
recommended by Charas in the late seventeenth century. 

The seventeenth century marks the decline of alchemy and 
the beginning of chemistry. “Sir Kenelm Digby, Alchemist, 
Scholar, Courtier, and Man of Adventure’ by Wyndham Miles, 
is the story of an important figure of this period. Digby failed 
to make his fortune as a multiplier but his laboratory in Gresham 
College, later the scene of the experimental demonstrations of 
Robert Hooke for the meetings of the newly founded Royal 
Society, aroused much interest in chemistry in London. Sir 
Isaac Newton (‘‘Was Newton an Alchemist” by R. J. Forbes) 
‘‘was not a ‘gold-maker’ like the worst types of medieval and 
later alchemists. He was an adept like Boyle, Locke, and any 
of his contemporaries interested in chemistry.’”? Newton did, 
however, devote a large part of his time at Cambridge to the 
experimental study of metals and their alloys; this firsthand 
knowledge of metals made possible Newton’s outstanding service 
to the government as master of the mint. In the early seven- 
teenth century the Protestants from Lorraine did a great deal to 
further the development of chemistry in Paris and the account 
of the activity of these physicians is given in “Some Seventeenth 
Century Chemists and Alchemists of Lorraine,’ by Denis I. 
Duveen and Antoine Willemart. 

The article, ‘History of Ambergris in India between about 
A.D. 700 and 1900,” by P. K. Gode, is a short, scholarly essay 
on this interesting substance. 

The importance of catalysis to modern industrial chemical 
processes cannot be overemphasized, yet how many physical 
chemists realize that two French chemists in 1806 presented the 
first paper on the subject to the French Academy and that 
the discussion was on the lead-chamber process for the manu- 
facture of sulfuric acid. Excerpts from the original paper are 
quoted in “Désormes et Clément Découvrent et Expliquent la 
Catalyse,” by Pierre Lemay. Whenever one thinks about the 
history of catalysis one calls to mind Ostwald and the famous 
Leipzig laboratory. In the last decades of his life Ostwald’s 
energy was directed to investigations in the philosophy of science 
and his contributions in this field may some day outweigh his 
reputation as the organizer of physical chemistry. ‘Some Per- 
sonal Qualities of Wilhelm Ostwald Recalled by a Former Assist- 
ant,” by Edmund P. Hillpern, will be read with pleasure by all 
who are familiar with Ostwald’s talents and interests. 

The reviewer enjoyed most the paper on the laboratory in 
Munich, where Baeyer, weary with work on indigo, turned his 
attention to the constitution of cyclic and unsaturated hydro- 
carbons; where the two Fischers, Otto and Emil, synthesized 
pararosaniline from triphenylmethane; where Thiele and Will- 
staitter served their apprenticeship, Willstatter later succeeding 
the beloved Baeyer. There is a plate showing two pictures of 
the ruins of the once renowned laboratory. 

There are remarkably few errors. ‘“Tyrocinium Chymicum,” 
by Beguin, referred to in the article by Tenney L. Davis was 
first printed in 1612, not in 1608; Otto Fischer was not the 
brother of Emil but his first cousin. 

The book ends with a name index to volumes one and two and 
a page of corrections for volume one. 


CLARA DEMILT 


Newcoms Couuece, TULANE UNIVERSITY 
New Orgveans, Lovurstana 
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e BIOCHEMISTRY IN RELATION TO MEDICINE 


C. W. Carter, Fellow of Queen’s College, Oxford, England, and 
R. H. S. Thompson, Professor of Chemical Pathology, Guy's 
Hospital Medical School, University of London, England. Long- 
mans, Green and Co., New York, 1949. .xi + 442 pp. 36 figs. 
26 tables. 14.5 X 22cm. $5. 


THE last decades have witnessed a tremendous expansion of our 
knowledge of the chemical processes that go on in living tissue and 
continually increasing applications of this knowledge into the 
actual practice of medicine. This poses a difficult problem to the 
writer of a textbook of biochemistry for medical students. Not 
only must he present the fundamental principles and experimental 
methods of biochemistry but also the dynamic aspects of the sub- 
ject by which biochemical knowledge may be applied to the prob- 
lems of the clinic. In this reviewer’s opinion, few, if any, recent 
textbooks, including this book, have successfully attained these 
objectives. 

The present volume contains somewhat abbreviated chapters 
on physical chemistry, the chemistry of carbohydrates, lipids, pro- 
teins, followed by chapters on enzymes, biological oxidation, 
hemoglobin, and chapters concerned with metabolism, nutrition, 
and function. the end of each chapter, an experimental section 
is included. The experiments are based on those carried out in 
medical and physiology courses at Oxford, and are included “in 
the hope that by presenting both theoretical and practical 
aspects of the subject side by side we may be able to bridge this 
gap which too often exists in the student’s mind.” 

The identification of biologically important substances, special 
techniques, the preparation of special reagents and physicochemi- 
cal constants are given in four appendixes. 

Throughout the text the authors have referred to original papers 
in the literature and to the contributions of many investigators, as 
is evidenced by an 18-page bibliography at the end of the book. 
Very few references to publications later than 1945 appear in this 
bibliography. 

Depending on the reader’s concept of how biochemistry should 
be presented to medical students, he will be pleased with certain 
parts of this book and infuriated by other parts. In view of the 
title of the book, it is surprising that so little emphasis is given to 
the chemistry and action of the hormones. One looks in vain for 
an adequate discussion of the adrenal or ovarian hormones. The 
isolation of thyroxine is incorrectly recorded in the historical in- 
troduction. 


F. A. CAJORI 
UNtversity or CoLtorapo ScHoon oF MEDICINE 
Denver, CoLoRADO 
e THE PHYSICAL PRINCIPLES OF THE QUANTUM 


THEORY 


Werner Heisenberg, Professor of Physics, University of Leipzig. 
Translated by Carl Eckart and Frank C. Hoyt. Dover Publica- 
tions, Inc., New York, 1949. 183 pp. 14 X 2lcm. $2.50. 


* THE NATURE OF PHYSICAL THEORY 


P. W. Bridgman, Hollis Professor of Mathematics and Natural 
Philosophy, Harvard University. Dover Publications, Inc., New 
York, 1949. 138 pp. 14 X 2lcm. $2.25. 


* THE THEORY OF GROUPS AND QUANTUM 
MECHANICS 


Hermann Weyl, Professor of Mathematics, University of Gottin- 
gen, Germany. Translated from the revised second edition by 
H. P. Robertson. Dover Publications, Inc., New York, 1949. 
xxii + 422 pp. 3diagrams. 14 X 2lcm. $4.50. 


Tess three books are reprintings of the original works into 
popular-price volumes. 
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’ COLORIMETRIC METHODS OF ANALYSIS. 
VOLUME II 


Foster Dee Snell and Cornelia T. Snell. D. Van Nostrand 
Company, Inc., New York, 1949. Third edition. x + 950 pp. 
16 X 23.5cem. $12. 


IN ARRANGING the third edition, volume I of the second edition 
was divided into two new volumes. The new volume I contains 
the general description of methods, instruments, and theory, as 
well as a treatment of the determination of pH, (see review in 
Tis JOURNAL, 25, 642 (1948)). The present volume II deals 
with methods for the determination of inorganic substances. For 
those who are familiar with the previous edition, it is sufficient to 
say that this volume has been brought up to date and includes the 
important recent advances. The references listed are very numer- 
ous and the foreign literature is well covered. Colorimetric 
analysis has been profoundly influenced by the recent develop- 
ment of optical and electronic instruments, which the author takes 
fully into account. 

The new volume is a total revision of the earlier edition. Con- 
siderably more attention is given to the preparation of samples for 
the analysis, in the case of each of the elements. Not only is the 
order of chapters changed but each one is rather fully written. 

In a work of this kind the critical selection of procedures is a 
matter of great importance. The viewpoint of the authors, in this 
regard, is shown by the statement in the preface: 

‘“‘When authors are highly critical a book is correspondingly 
highly personalized and noninclusive. When authors are un- 
critical a book becomes a mere collection of methods. The middle- 
of-the-road position selected here is rather inclusive but gives 
methods only briefly if they appear to be unimportant.” 


NORRIS W. RAKESTRAW 
Scripps InsTITUTE OF OCEANOGRAPHY 
La Jouua, CALIFORNIA 


* VARIABILITY IN RECOGNIZING SCIENCE INQUIRY. 
AN ANALYSIS OF HIGH SCHOOL SCIENCE TEXT- 
BOOKS 


Richard H. Lampkin, Bureau of Publications, Teachers College, 
Columbia University, New York, 1949. ix + 79 pp. 14 tables. 
15.5 X 23.5. $2.10. 


Tuts analysis was designed to answer the following questions: 

What is the scientific method of inquiry? 

Have the authors of selected high-school science textbooks 
explicitly accepted the scientific method of inquiry as an 
objective? 

What ideas related to the scientific method of inquiry were 
discussed, assumed, or exemplied in the books? 

By what means were these ideas presented? 

How much space was given to them? 

Was variation in amount of space given to scientific inquiry 
associated with variation in such factors as the following: 
subject field of the book; topics within subject fields; author- 
ship, or variation from book to book; position within the 
book, from quarter to quarter? 


In order to answer these questions the following steps were taken: 
the scientific method of inquiry was defined, textbooks were 
selected for analysis, procedures for analyzing the books de- 
veloped, the data were summarized and the findings were inter- 
preted. Twelve high-school science textbooks—three each from 
the fields of general science, physics, biology, and chemistry— 
were selected for analysis. The prefaces were examined to 
obtain evidence whether or not scientific inquiry had been ac- 
cepted as an objective of the book. Each of the 12 readers was 
selected either from his major field of science teaching ox with a 
major in philosophy. One of the conclusions of the study showed 
that the reader’s task might have been easier had he been better 
grounded in scientific inquiry himself. How much space did the 


textbooks give to scientific inquiry? A little more than 10 pe 

cent according to the readers. How much space should be given 
to scientific inquiry? Ten per cent of total space seems to be 
inadequate on the basis of emphasis placed upon scientific 
inquiry as an objective of science teaching. It is hoped that the 
results and interpretations presented herein will be found useful 
in reducing reader variability and stimulate opportunity of giving 
prospective teachers competence in this area. 


GRETA OPPE 
Baut Hieu Scroou 
Gatvzgston, Texas 


* BERGWERK—UND PROBIERBUCHLEIN 


A translation from the German of the ‘‘Bergbiichlein,”’ a sixteenth- 
century book on mining geology by Anneliese Griinhaldt Sisco, 
and a translation of the “Probierbiichlein,” sixteenth-century 
work on assaying, by Anneliese Grinhaldt Sisco and Cyril 
Stanley Smith with technical annotations and historical notes. 
Publication sponsored by the Seeley W. Mudd Memorial Fund. 
The American Institute of Mining and Metallurgical Engineers, 
New York, 1949. 196 pp. 42 figs. 13 X 2lcm. $5. 


PROBABLY everyone who has studied the history of chemistry 
recalls mention of these two little books, the earliest printed 
works on mining and metallurgical chemistry. However, very 
few have read them, since they have been very rare, and the old, 
technical German in which they are written is difficult to follow. 
Now, thanks to the Seeley W. Mudd Memorial Fund of the 
American Institute of Mining and Metallurgical Engineers, they 
are available to every interested reader. Several years ago, this 
same Fund gave us a beautiful translation of the ‘‘Pirotechnia”’ 
of Biringuccio, and now it presents the earlier, more popular 
works on which the “Pirotechnia”’ and “De Re Metallica” of 
Agricola were based. 

These little books were designed for the use of practical miners 
and assayers. The “Bergbiichlein,’’ which appeared soon after 
1500, is an application of the alchemical and astrological theories 
of the time which predicted that metals would grow in the earth 
in certain favored locations. The book explains how to usé these 
theories when seeking the richest veins of metals. The “Pro- 
bierbiichlein,”’ first published about 1520, is a treatise on assaying 
with descriptions of methods and apparatus and many recipes for 
refining gold and silver. The content of this book is more dis- 
tinctly chemical than that of the “Bergbiichlein.” Taken to- 
gether, the books give a very clear idea of how the scientific 
theories of the time were actually used by the practical worker. 
Sometimes the directions are confused, often useless methods are 
described, but, as the editors point out, these directions can be 
followed, and will give results. They thus differ from most of the 
alchemical books of the same period which have come down to us. 
The great number of the latter, as well as the emphasis on alchemy 
and theoretical chemistry found in so many texts on the history 
of chemistry, tend to obscure the fact that a flourishing practical 
chemistry always existed. It was not articulate, but it probably 
influenced strongly many of the purely theoretical writers. From 
such glimpses as these books give us we can realize how active this 
practical chemistry was. 

The full and clear translations of these books are accompanied 
by numerous notes which explain the significance of the technical 
methods described. In addition, there is a bibliographical history 
of each book, together with reproductions of the title pages of all 
the chief editions. An analysis of the technical content of the 
“Probierbiichlein” closes the volume. The book is excellently 
printed and contains a good index. Its publication will be most 
welcome to all who are interested in the history of science and 
technology. 


HENRY M. LEICESTER 


Couuiecs or Puysictans AND SuRGEONS 
San Francisco, CALIFORNIA 
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a ORGANIC CHEMISTRY 


G. Bryant Bachman, Professor of Chemistry, Purdue University, 
Lafayette, Indiana. McGraw-Hill Book Company, Inc., New 
York, 1949. x + 432 pp. 29 figs. 53 tables. 16 X 24 cm. 
$4.25. 


Tus text is planned for either a semester or a year course and 
is written for students who “...have a set of interest different 
from those training to be chemists...” and “...are keen to 
learn about the applications of organic chemistry to everyday 
living and their own special fields....’”” To achieve this ob- 
jective the author has attempted to consider only those theo- 
retical concepts that are of general value. 

The reviewer is in accord with the philosophy of adapting 
books and courses to the needs of students who require organic 
chemistry as a tool subject and is of the opinion that this text- 
book is a distinct contribution to this area. The style is emi- 
nently readable and the illustrations are striking and interesting. 
An introductory chapter on nomenclature and pronunciation 
and later chapters-on. the chemistry of the body processes and 
the structure of molecules and their physiological action are 
worth-while innovations in this book. 

The author has telescoped a large amount of factual informa- 
tion by the device of classifying and summarizing the reactions 
of functional groups. The compression in the description of 
chemical reactions has made it possible to devote more space to 
the applications of organic chemistry to different fields. In- 
asmuch as the book has included practically all of the reactions, 
as well as the conventional division of aliphatic and aromatic 
chemistry found in standard textbooks, it is better adapted to a 
full-year course. 

In attempting to provide for the student a set of principles 
for predicting the products of simple organic reactions the 
author has elaborated a theory of maximum polarity which is 
introduced in an early chapter. The reviewer believes that a 
discussion of radical and ionic mechanisms of organic reactions 
and the acidic and basic character of carbonium ions and car- 
banions would be of more value to the student. Resonance 
theory is discussed only after the aliphatic compounds have been 
considered and is not applied consistently to the aromatic com- 
pounds in later chapters. It therefore has little functional re- 
lationship to the development of theoretical concepts. 

This book is a noteworthy experiment in an area of chemical 
education that has long been neglected and it is recommended 
for the full year course for those students whose interests lie in 
fields other than chemistry. 


JACOB G. SHAREFKIN 
Brooxirn CoLiece 
Brooxtrn, New York 


® SYNTHETIC METHODS OF ORGANIC CHEMISTRY 
(VOLUME Il) 


W. Theilheimer. Translated from the German by A. Ing- 
berman. Interscience Publishers, Inc., New York, 1949. xii + 
324 pp. 15 X 23 cm. $7.50. 


% SYNTHETISCHE METHODEN DER ORGANISCHER 
CHEMIE (REPERTORIUM III) 


W. Theilheimer. S. Karger, Ltd., Basel and New York, 1949. 
viii + 412 pp. 15 X 23cm. 40 Swiss francs. 


Mors often than not, mention of minor modifications or ex- 
tensions of familiar organic reactions appears in the text of scien- 
tific papers only in the fine print of the Experimental Section. 
Unless-the reader deliberately searches for this type of information 
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he will miss it, and the definite, albeit small, advance in method or 
application which such information represents remains buried 
in the literature, unused. Another factor leading to nonuse of 
experimental material is the unfortunate tendency to pass over 
entire articles if the material treated is not closely related to the 
reader’s field of specialization. Although the pertinent informa- 
tion may be found in Chemical Abstracts, it is scattered and hid- 
den, and the task of extraction is formidable. Actually, there- 
fore, until such time as a new Houben-like treatise appears, the 
benefit of a host of small improvements and extensions is lost 
to a latge group of organic chemists. 

Theilheimer’s ‘‘Synthetische Methoden” represents an attempt 
to correct this situation. The author’s purpose is to bring new 
reactions of organic chemistry, as well as familiar reactions that 
have been improved or extended, to the attention of organic 
chemists; and, furthermore, to do this nm as short a time as 
possible after appearance of the material in the various journals. 
The present volumes, the second and third in the series, represent 
an inventory of advances in organic reactions reported during 
the years 1945 through 1947. Because American journals were 
not available in Switzerland up to 1946, the emphasis in Volume 
II is on English, French, and Swiss contributions. In Volume 
III, American work receives particular attention. 

Over 800 abstracts appear in Volume II, and over 700 in 
Volume III. Under each item only as much information is 
presented as permits appraisal of the applicability of the reaction 
to the problem at hand; detailed directions are not given. A 
formal scheme of classification is described and used. It is 
based on the type of bonds formed and broken and on the nature 
of the reaction (addition, rearrangement, exchange, and elimina- 
tion). For example, the symbol CC ¢ Hal represents the forma- 
tion of a carbon-to-carbon bond by the elimination of halogen, 
and includes such reactions as the formation of cyclopropane 
carboxylic acid from +-chlorobutyronitrile, or the formation of 
the triple bond from 1,2-dibromo compounds. A secondary 
mode of classification depends on the reagent used. 

Despite the systematic nature of this treatment, it may be 
predicted that many users of ‘‘Synthetische Methoden’’ will be 
grateful for the more conventional alphabetical indexes which 
appear at the end of the books. The indexes are cumulative and 
cross-referenced; they list individual compounds, classes of com- 
pounds, name reactions, general methods, and reagents. The 
index of Volume II includes references to the material in the 
first volume. In Volume III, references to the material in the 
first two volumes are presented not only in the index but also in 
the running text, together with related new reports. This sys- 
tematic listing of both old and new titles permits the most recent 
volume in the series to be used as 3, cumulative index, and in 
effect extends the period covered back to 1942. In this connec- 
tion, the style of presenting references from the earlier volumes 
in the text of Volume III could be improved; the present format 
leads to an altogether too generous use of page space. 

The material presented in the series has been screened and 
selected on the basis of the author’s opinion. While it is difficult 
to evaluate the omissions, the material which is included repre- 
sents a happy choice and appears to be both useful and interesting. 
The ‘‘Synthetische Methoden” series is being compiled to serve 


-the organic chemist in planning syntheses and in carrying out 


individual reactions. Judging from the presence of these volumes 
in organic chemistry laboratories, it would seem that this purpose 
is being fulfilled. 

It should be noted that, although English translations of 
Yolumes I and II are available, no translation is planned for 
Volume ITI. 


WALTER J. GENSLER’ 
Boston UNIVERSITY 
Boston, MassacHUSETTS 
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I very much enjoyed reading an article in the Winter 1949 number of the Bulle- 
tin of the American Association of University Professors by Francis C. Zakolski (“In 
reference to ‘education’ ’’). So would you, I think. 

He discusses three of the criticisms commonly leveled at Education: that there 
is no sc.ence of Education; that teachers do not have the love of learning; and that 
there are merely meaningless mechanical requirements. His discussion is not merely 
an apology for the “educationists,”’ of which he is one, but a frank appraisal of the 
facts with an admission of fault where it seems necessary. 

In such professional circles as ours it is traditional to hold the educationist up to 
ridicule. Som stimes this tradition seems unreasoning and unreasonable, for it is 
often based upon lack of understanding of his particular problems. Zakolski com- 
pares and contrasts some of these problems with our own. Trivialities are not 
limited to the field of education. It is always possible to find them in one’s own 
field, without much trouble. 

Nothing seems to be so irksome as the common requirement of “courses in 
Education.”’ With regard to such requirement Zakolski is partly critical and partly 
apologetic. He explains that: 


Courses in Education seek to produce good teachers. Whatever is done can be done better 
with intelligence and care. Medical men are better today than they were in 1900 because of 
medical schools. The “born’’ doctor is a better doctor because he has had a chance to develop in a 
situation closer to the ideal rather than “reading’’ medicine as an apprentice. The “born” 
teacher has a chance to develop; at least he has had some experience with what is considered good 
procedure; he learns how good teachers taught before him; he may even meet some of these 
teachers. 


He goes on to point out—rightly, it seems—that the failure of courses in Educar 
tion to produce truly great teachers should be no condemnation any more than the 
failure of courses in physics to produce truly great physicists. ‘Great teachers 
teach themselves; they point the way; some may be capable of following them 
once the way is shown. In this sense teaching is an art to be approached.” 

It has often been urged—not without reason—that the field of Education has 
tended to become narrow, when it should be broad. The discussion ends: 


In a narrower sense, a specialty may be emphasized at the expense of the student. This is true 
of many fields but cannot be justified in any. Perhaps educationists offend more in this way. 
They view the field too narrowly. In their zeal for Education, they forget education; they for- 
sake the kingdom for a province. Goethe thought there could be no poorer teacher than the one 
who knows only what he teaches. The education of teachers (teachers and not trainers) should be 
liberal. It would help to prevent intellectual provincialism. 

“Those who can, do; those who can’t, teach.”” ‘Those who can, teach; those who can’t, teach 
Education.” Possibly these two are irrefutable; possibly they are based in being, as Aristotle 
might say. But there is another proposition, handwriting on the wall which strikes fear into the 
heart of the student and educationist alike: ‘“Those who can’t teach, try to.” 
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« GEORG LOCKEMANN 


Frew chemists can look back over as long a career 
as Georg Lockemann. Though best known in this 
country for his work in the history of chemistry, he 
has also made notable contributions to the analytical, 
organic and biological fields, and he has been a suc- 
cessful teacher training numerous young associates. 
Born on October 17, 1871, at Hollenstedt in the 
province of Hanover, he was educated at the Tech- 
nische Hochschule in Hanover and then at Heidelberg, 
where he completed his doctorate in 1896. In 1898 
he went to the University of Leipsic as assistant to 
Ernst Beckmann,' and habilitated there as privat- 
dozent in 1904. His reputation was so well established 
that in 1907 he was called to head the chemical division 
of the Robert Koch Institut in Berlin. Two years 
later, he again habilitated at the University of Berlin 
and after only one year (1910) was appointed pro- 


1 See Ozsper, R. E., Tu1s JouRNAL, 21, 470 (1944); G. LockE- 
MANN, Z. angew. Chem., 36, 341 (1923). 








Georg Lockemann 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


fessor in this world-famous school. His extraordinary 
success was Officially recognized by the award (1918) 
of the title Geheim Regierungsrat. In 1926 he was 
commissioned to teach history of chemistry and 
pharmacy at Berlin. Reaching the age limit, he 
retired in 1937, but after the outbreak of the war he 
was called back into service (1939) and continued until 
October, 1945. Then, ill as a result of malnutrition, 
he left his bomb-damaged house in Berlin and returned 
to his native province: A year later, he was suf- 
ficiently recovered to resume teaching, and for three 
semesters he held lectures in the University of Gét- 
tingen on the history of chemistry. He is now living 
in retirement, but not in inaction since he keeps his 
pen busy. 

Professor Lockemann’s scientific labors were many 
and varied. Prominent among them are his improve- 
ments of the methods of detecting arsenic by the 
Marsh, Liebig, and Gutzeit methods. He was re- 
sponsible for the manufacture of Kjeldahl flasks from 
arsenic-free glass for use in physiological studies. In 
1924 a previously unknown disease broke out in the 
Frische Haff region. It was believed to be due to the 
presence of volatile arsenic compounds in the atmos- 
phere. A laboratory was set up at Pillau in the sum- 
mer of 1925 to study tne etiology of this “Haff sick- 
ness” and Lockemann as an expert in the analytical 
chemistry of arsenic was the logical choice to head the 
“Haff Laboratory.” He proved that arsenic was not 
involved and showed that the disease was probably 
due to the consumption of eels that had fed on the 
putrefaction products of sewage. Among his other 
contributions to analytical chemistry are: a method of 
detecting cyanogen in mixtures; gas analytical de- 
terminations of arsine; an apparatus for the determina- 
tion of formaldehyde when rapidly evolved; a colori- 
metric method of determining small amounts of thio- 
cyanogen, especially for physiological studies. 

His organic studies included isomeric phenylhy- 
drazones and an investigation of the processes occurring 
in the reduction of nitrobenzoyl compounds. He dis- 
covered the potent germicidal action of cyanogen in 
the presence of hydrogen ions, and the spore-killing 
action of alcohol-acid mixtures. He prepared albumen- 
free nutrient solutions for the culture of tubercle bacilli. 

His work in the history of chemistry has been out- 
standing. Excellent examples are his essays on Caven- 
dish, Priestley, Scheele, Kolbe, in Bugge’s ““Das Buch 
der grossen Chemiker.’’ Professor Lockemann’s latest 
contribution (1949) in this field is his fine biography 
(262 pages) of R. W. Bunsen. 


236 








HE ye 
era in Iri 
chemists 
Irish Ac 
notewort 
“Geologi 
native I 
times, fo 
Great Bi 
scientific 
dimmed, 
scientific 
times. 

It is fit 
on recor 
period w. 
abroad o 
few tribt 
and to Bi 

I hope 
to the wi 
you som 
contribut 

As in 
approach 
cine, and 
be credit 

One sv 
Rutty, a 
later in L 
tice in Ir 
Writer on 
Rutty is 
which he 
those use 
concernet 
of the wa 
such dise 
scientist | 

Lueas | 


1 Present 
he 116th 1 
ity, New 

* REILLY 
Jniversity 
“Worthies 

’ REILLY 
iy 3 ow, ortl 
Ireland, 16 
University 

















« IRISH CHEMICAL PIONEERS OF 150 YEARS AGO’ 


Tue year 1799 marked the climax of an important 
era in Irish seience. Richard Kirwan, one of the leading 
chemists of the day, became president of the Royal 
Irish Academy. In that year, too, he published his 
noteworthy “Analysis of Mineral Waters” and his 
“Geological Essays.” 1799 was the last year in which a 
native Irish Parliament sat in Dublin until modern 
times, for at the end of the year the Act of Union with 
Great Britain came into force. The high cultural and 
scientific level of Ireland’s capital was soon to be 
dimmed, and little of worth in native contributions to 
scientific progress was to be observed till more recent 
times. 

It is fitting now, a hundred and fifty years later to put 
on record some of the work of Irish chemists in the 
period which ended in 1799. Little has been published 
abroad on the work of these Irishmen, if we accept the 
few tributes that have been paid to Richard Kirwan 
and to Bryan Higgins. 

I hope in this account to conclude with some reference 
to the work of these men, but first I would like to tell 
you something of earlier lesser men who nevertheless 
contributed in some measure to chemical progress. 

As in other European countries at the time, the 
approach to chemistry was very often through medi- 
cine, and many of our early discoveries in chemistry can 
be credited to the work of such iatrochemists. 

One such medical man in Ireland was Dr. Thomas 
Rutty, a Quaker, who studied medicine in Dublin, and 
later in London and Leyden. When he returned to prac- 
tice in Ireland, he became well known as a voluminous 
writer on medical and scientific subjects.2 Chemically, 
Rutty is best known for the methods of milk analysis 
which he devised, methods which are remarkably like 
those used at the present time. 

A fruitful cause of controversy in those times was 
concerned with the mineral and therapeutic qualities 
of the waters of various spas. Rutty was in the thick of 
such discussions and tussled with another notable Irish 
scientist of the day, Dr. Charles Lucas.* 

Lucas had operated a pharmacy in Dublin, and had 





1 Presented before the Division of the History of Chemistry at 
he 116th meeting of the American Chemical Society, at Atlantic 
ity, New Jersey, September, 1949. 

*Rettty, D., ‘Three Centuries of Irish Chemists,” Cork 
Jniversity Press, Cork, Ireland. 1941, p. 6. Ryan, R., 
“Worthies of Ireland,’ II, Ryan & Warren, 1821, p. 500. 

’ Remy, D., ibid., 5; Dublin Penny J., i, 389. HERBERrt, 
R., ‘Worthies of Thomond,” 2nd series. G. McKern, Limerick, 
Ireland, 1944, p. 39. Dunuop, R., “Dict. Nat. Biog.,”’ Oxford 
Jniversity Press, London; 1909, p. 231. 
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gained some notice, it is said, by advertising his drugs 
and remedies in Latin in the daily press. Lucas believed 
that governmental control and regulation of drugs was 
necessary, and by his writings secured the passage of the 
necessary legislation in the Irish Parliament. 

Later, Lucas abandoned the drug business and went 
abroad to study medicine. He attended schools at 
Paris, Rheims, and Leyden in Europe. His chemical in- 
terest in the composition of mineral waters led him to 
carry out careful analyses of the spa waters at Spa, 
Aachen, and Bath, and to publish his well-known “‘Essay 
on Mineral Waters.” It was with certain conclusions in 
this widely read book that Rutty disagreed.‘ 

A third medical man of note at that period was 
Antrim-born Dr. David MacBride.5 As a young man, 
he was apprenticed to a local surgeon, and later worked 
on a hospital ship, and as a naval doctor acquired a 
knowledge of ships’ diseases that he later put to good 
use. 

MacBride first came to scientific notice in 1764 with 
his publication “Experimental Essays.”’ At that time, 
Joseph Black was carrying out his classical researches in 
Scotland on “fixed air,” or carbon dioxide. In one of the 
“Essays,” MacBride added some new facts to Black’s 
work, and may be said to a certain extent to have antici- 
pated the work of the English chemist, Henry Caven- 
dish, in this connection. 

In another of the “Essays,” MacBride told of the way 
in which he had treated sailors afflicted with scurvy. 
To prevent the disease, he had suggested the use of 
fresh wort or infusion of malt at sea. The British Navy 
carried out initial tests on the method at two of its 
bases, but had not developed it further. Jt was eventu- 
ally superseded by the use of lemon juice which James 
Lind had first suggested in 1734. However, the efficacy 
of MacBride’s treatment was proved by his brother, 
John MacBride, commander of a British vessel, who 
used it on a voyage of two years’ duration in 1765. 





‘In his later years, Lucas was best known for his political 
activities. When Benjamin Franklin was sent to Europe as 
Diplomatic Agent for the United Colonies, he visited Ireland 
twice, in 1739 and in 1771. He wrote to James Bowdoin of 
Boston, on January 13, 1772, “In Ireland among the patriots I 
dined with Dr. Lucas. They are all friends of America—I said 
everything I could think of to confirm them.” O’Brien, M. J., 
“Trish Firsts in American History,’ American-Irish Hist. 
Soc., Chicago, 1917, p. 27. 

5 ARCHBOLD, W. A. J., ‘Dict. Nat. Biog.,’”” Oxford University 
Press, London, 1909, p. 424. Dubl. Quart. J. Med. Sci., New 
series. iii, 281 (1847). Rueriy, D., “Three Centuries of Irish 
Chemists,’’ Cork University Press, Cork, Ireland, 1941, p. 6. 
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David MacBride 


MacBride’s ‘“‘Essays’” were translated into French 
and German and won him a European reputation. He 
made a considerable private income by giving lectures to 
Irish and visiting students at his own home. 

MacBride was responsible for an important improve- 
ment in the art of tanning, when he suggested using 
limewater in place of ordinary water to extract the 
bark. For this discovery, he was made an honorary 
member of the Royal Dublin Society and awarded its 
silver medal. He then petitioned the Irish Parliament 
for a subsidy to perfect his invention, and though a 
committee reported favorably on the process, he did 
not apparently receive any ‘grant. 

The granting of aid to scientific workers was not un- 
usual in those times. For instance, William Maple, who 
had given evidence on the debased currency known as 
‘“‘Wood’s Halfpence,”’ had been granted the equivalent 
of $1000 for a method of tanning with septfoil and bark. 

MacBride also published an “Introduction to the 
Theory and Practice of Physic,”’ based on his medical 
lectures. This work was translated into Latin and 
published in Utrecht, Holland, in 1774. It is claimed 
that not since the time of Robert Boyle had any Irish 
chemist enjoyed a wider European reputation than 
David MacBride. 

Mention has already been made in pass ng of two im- 
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portant Irish societies, which still flourish at the 
present day. These are the Royal Irish Academy and 
the (Royal) Dublin Society. It is appropriate in this 
account to tell you something of the origin of these 
bodies, for their beginnings were in the period under re- 
view. 

William Molyneux, an Irish patriotic writer and also 
a leading mathematician and physicist, in cooperation 
with Sir William Petty, best known for his important 
geological survey of Ireland, decided in 1683 to start an 
Irish equivalent of the Royal Society of London.* The 
group was called the Dublin Philosophical Society. 

This Society, the antecedent of both the Academy 
and the Royal Dublin Society, first met in 1785. It be- 
gan with 20 members, who met in a city coffeehouse. 
The Society divided its work into three branches, the 
first being concerned with mathematics and physics, the 
second with “polite literature, history, and antiquities,” 
and the third with medical science, including chemistry. 

On the chemical side, early papers dealt with crystal- 
lography, the supposedly petrifying qualities of the 
waters of Lough Neagh (which had been puzzling 
philosophers since the 9th century), bleaching properties 
of mineral waters, and experiments with acids and alka- 
lies. 

The Society eventually moved its meetings to a room 
in Dublin University. Copies of the minutes and the 
papers were sent to the Royal Society and read there, 
and may still be seen in the London files. In addition to 
meetings, the Dublin Philosophical Society operated a 
museum, a laboratory, and a botanical garden. 

Among the papers read at the Society was one by 
William Molyneux in 1686 on the theory and practice of 
viewing pictures in miniature with a telescope, which 
was of interest in that it enunciated the basic principle 
of the modern moving picture where a rapid succession 
of images gives an impression of continuous movement. 
Molyneux in fact is believed to have been the first to 
experiment on this moving picture idea. 


Political upsets, due to the wars of James and Wil- 
liam of Orange led to the breakup of the Society in 
1688. However, the Society blossomed again when 
peace was restored, and had a link with its older mem- 
bers in its revised form in the person of Thomas Moly- 
neux, brother of William, a friend of Robert Boyle, and 
the first to publish a scientific report on the Irish elk.’ 

And so we move forward to the end of the century, 
and the time of Richard Kirwan, greatest scientific 
figure of that period. At the time the name of Kirwan 





6‘ Dunwop, R., Dict. Nat. Biog., 13, 585 (1909). M’Gee, 7) 


D’Arcy, in “Irish Writers of 17th Century,” on essay published 


in A. M. Sullivan and T. D. Sullivan, Irish Readings, II, 103. 


7Moorgz, N., Dict. Nat. Biog., Oxford University Press 
London, 1909, p. 584. 


8 REILLY, J., AND N. O’F iynn, Jsis, 299 (1930). McLauasuls 
P. J., Studies, Sept. and Dec., 1939, Mar. and June, 1944 
Tuomson, T., History of the Royal Society. Donovan, M., Pro 
Roy. Irish Acad. (1847-50). MaxweE 1, C., ‘Dublin Under thé 
Georges,’’ Dublin, 1936, p. 179. 
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© § was known in scientific circles from one end of Europe to 
d the other. It was said that, even in the midst of Euro- 
1S f pean wars, letters addressed to “Richard Kirwan, 
Dublin” would pass freely through all frontiers. Many 
universities honored him, and he was spoken of at 
various times as “the Great Chemist of Ireland,” the 
80 § “Philosopher of Dublin,” the “Nestor of English Chem- 
om § istry.” 
nt Kirwan was born in Galway in the west of Ireland, of 
anf Catholic parents, and originally intended to become a 
he § priest. Penal restrictions against Catholics were then 
in force, so he was smuggled to the European continent 
ny § to complete his education in France. 
De- Though interested in scientific experiments as a boy, 
se. | he decided at one stage to abandon the idea of science 
he § altogether. He had decided not to enter the Church 
the § and had returned to Ireland. He wrote to Joseph 
s,’ | Black, making a*number of observations on caustic 
ry. | alkalies based on his own experiments. Black did not 
al-§ reply to the letters. 
the This discouraged Kirwan, but later he went back to 
ing § his researches, and in fact in later life he and Black were 
ties @ the best of friends. 
ka-§ Like some other scientists, Kirwan found himself in 
possession not only of a wife but also of a mother-in-law 
omg Some time later. His mother-in-law disapproved 
the§ Strongly of his experiments, the smells they caused, the 
pieces of glass tubing that he connected together with 
pig’s bladder. So insistent was she that she prevailed 
upon Kirwan to drop chemistry and become a lawyer. 

Kirwan qualified as a lawyer, but was never over- 
enthusiastic about the work. Eventually, he had his 
own way, and was able to get back to his chemical ex- 
periments. He bought a large library and set up a 
laboratory, and was soon making a name for himself in 
scientific circles. 

He was elected a Fellow of the Royal Society, and re- 
ceived its highest award, the Copley medal, for a series 
of papers on chemical affinities. Later his able com- 
ments on the work of Henry Cavendish, the ‘“Newton of 
Chemistry,” won him another staunch scientific friend. 

Kirwan’s ‘Elements of Mineralogy” was the first 
systematic textbook of its kind in the English language, 
nem-G and included original work of his own. It was trans- 
foly-Blated into three foreign languages, and was long a 
, andl standard text. 
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elk. McLaughlin says in a review of Kirwan’s work that 
tury§“in a comparatively short time, Kirwan became 
ntifiel recognized as an authority in chemical science, and over 


rwalija long period his name was to be seen more frequently 
quoted than that of any other chemist in the scientific 
Biournals of Europe. He entered into lengthy corre- 
spondence with all the savants.... He became the 
associate and friend of Black, Cavendish, Priestley, Sir 
Joseph Banks, Cavallo, Bergman, and Scheele and 
numerous others equally distinguished.... Gifted 
with a prodigious and exact memory, remarkable powers 
oi assimilation and masterly familiarity with modern 
languages, he kept scientists informed of the work of 
brother scientists in an age when communications were 





ee, T 






03. 















239 


slow and difficult.... Honours were showered on him 
by scientific societies at home and abroad.” 

When Catherine the Second of Russia opened her 
Academy in Moscow, she offered Kirwan a professor- 
ship. He did not go, but sent instead Bryan Higgins, of 
whom I will have a little more to say later. 

From 1777 to 1787, Kirwan carried on most of his 
work in London. Toward the end of that period, he be- 
came involved in the phlogiston controversy. The older 
scientists still held to the old view on the existence of 
phlogiston, and Kirwan championed their cause in his 
essay on the subject in 1787, published in London. 

Lavoisier and his school in France read Kirwan’s 
essay, and came to a decision to refute it point by point. 
They realized that in that way they could finally kill the 
older incorrect view. The essay was translated into 
French, and each chemist of the school given a section 
to answer. Lavoisier, Fourcroy, Bertollet, Morveau, 
and Monge worked on the refutal, and soon Kirwan’s 
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essay was republished with the French chemists’ re- 
buttals at the end of each chapter. 

Kirwan received a copy of the reprint, and ac- 
knowledged his error. Though he accepted the new view, 
his friends Priestley and Cavendish remained adherents 
to the phlogiston theory to the end. 

In 1787, when Kirwan returned to Dublin, the old 
Dublin Philosophical Society had given way to the 
Royal Irish Academy. He became a member, and 
soon its “Transactions” were enriched with his papers. 
Coming straight from the center of the latest discoveries 
in England, he gave a big impetus to scientific studies in 
Ireland. 

Kirwan’s main purpose in much of his later work in 
Ireland was to bring science within the reach of the 
ordinary man, and to apply the latest discoveries to 
aid Irish industry and agriculture. To that end, he 
published a comprehensive account of the geological 
structure of various Irish counties, and introduced a 
method for comparing the heating values of local and 
of imported coals. 

To the linen makers, he pointed out that imported 
alkalies were not needed to bleach their linen. He wrote 
on the best types of fertilizers for different soils, and in 
fact laid the foundation in such work for the later 
studies by De Saussure in the field of plant nutrition. 

In an effort to popularize the study of minerals in 
Ireland, Kirwan arranged for the purchase of a cele- 
brated collection of minerals, the Leskean collection, 
costing some $6000. This was reputed to be the best 
collection of its kind in existence, and contained 7000 
specimens. It was placed on public display, and at- 
tracted wide interest. 

Like Rutty and Lucas, Kirwan was interested in the 
composition of mineral waters. He wrote on the 
waters of various Irish spas, and a reading of his reports 
shows that qualitative analysis was well developed at 
that time. 

Other important achievements of Kirwan included a 
method for estimating the fas content of milk, and valu- 
able reports on dyeing, tanning, malting, kelp-burning, 
fisheries, and coal mines. 

Though Kirwan was a renowned chemist in his day, 
we read little of him in the histories of science today. 
Like many other good chemists, he was just not for- 
tunate enough to have his name associated with one of 
the major discoveries that rates in the textbooks. Yet, 
all in all, his researches were valuable and played their 
part in building up modern chemistry. 

It would not be out of place in this account to con- 
clude with some reference to the work of William Hig- 
gins, for one of the last acts of the Dublin Parliament 
before the Act of Union was to appoint a number of 
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professors to the lately formed Dublin Society. Among 
the appointments was that of William Higgins as pro- 
fessor of chemistry and mineralogy. 

William Higgins was born in Sligo, Ireland, and 
worked in London under his uncle, Bryan Higgins, 
another notable chemist. In London, William Higgins 
published his remarkable book titled ‘“‘A Comparative 
View. of the Phlogistic and Antiphlogistic Theories,’’ a 
book which in many ways may be claimed as one of the 
earliest expressions of the atomic theory. The priority of 
Higgins over Dalton in certain aspects of the theory has 
already been put forward in two scientific publications, 
and will not be referred to further here.'® 

When William Higgins came to Dublin to take up his 
appointment, he came to what was probably the first 
regular chemical laboratory opened in either Ireland or 
England. Systematic courses of lectures in science for 
the general public were begun, and soon became an im- 
portant feature of Dublin life. So big was the demand 
for lectures that it was necessary to go outside of the 
city, and give supplementary courses of lectures in 
provincial centres.!! 

The life of a chemistry professor in those days was a 
varied one, and included duties outside of regular lec- 
tures and laboratory tests. Various government and 
other inquiries came to Higgins for attention, including 
the devising of a suitable hydrometer for use by revenue 
officers. Higgins also examined the possibility of using 
potato starch as a food, and suggested the use of cal- 
cium sulfate instead of potash in bleaching. 

Reading over the accounts of scientific workers in 
those times, a hundred and fifty years ago, one cannot 
but marvel at the versatility of chemists in those days. 
In these days of specialization, when most of us find it 
hard to keep in touch with discoveries outside of our 
own special fields, we cannot help comparing with those 
earlier days when a chemist was an all-round worker. 
He examined coal samples one day, starches and 
cereals the next, compiled lists of minerals at one time, 
and carried out experiments on dyeing or on bleaching a 
little later. Science, we cannot help feeling, was a less 
complicated business in those days, as the brief ac- 
counts I have given of certain early Irish scientists illus- 
trate. 





® Rettyiy, D., “Three Centuries of Irish Chemists,’ 6 (1941); 
Dubl. Quart. J. Med. Sci., New series, 8, 487. Me.prvum, J. 
New Ireland Review, 31, 275 (1909-10). 

10 REILLY, J., AND D. T. MacSweeney, Sci. Proc. Roy. Dubl. 
Soc., 19, No. 15 (1929). Atkinson, E. R., J. Cuem. Epwc., 7, 
3 (1940). 

11 Moss, R. J., “History of Royal Dublin Society,’”’ Dublin, 1915, 
p. 355. Suuurvan, W. K., Dubl. Quart. J. Med. Sci., 5, 231 
(1848); 7, 201 (1849); 8, 465 (1849). 
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* THE NATURE OF SEPARATION PROCESSES’ 


A supsrantiat portion of the chemist’s activities 
consists in the resolution of mixtures of one kind or 
another. The separation processes which are used ex- 
tend in increasing subtlety from mechanical sorting of 
mixtures of macroscopic particles to those methods 
employed for separating isotopes. In ordinary labora- 
tory practice separation methods of intermediate sub- 
tlety are commonly used. These methods are such as 
might be used for separating mixtures of homologues; 
or of isomers containing the same functional group, 
among organic substances; or of closely related inor- 
ganic substances. Of these methods, only those which 
utilize, for the separation, the distribution of the mix- 
ture into two phases will be dealt with here. This ex- 
cludes such methods as centrifugation, electrophoresis, 
etc. It is the purpose here to point out in a systematic 
yet general way the similarities in principle and the 
differences in application of a number of these phase- 
pair distribution processes. It is hoped that this will 
aid the understanding of existing separation processes 
of this type and assist in the devising of new processes. 

In separating the components of a mixture by means 
of distribution, two phases are employed. The com- 
ponents of the mixture distribute themselves into these 
phases in ratios different from the ratio in the original 
mixture. The distribution having occurred, the phases 
can be separated mechanically, and the components in 





1A portion of this paper was presented as part of the Calco 
Lecture Series, at the Caleco Chemical Division, American Cyan- 
amid Company, Bound Brook, New Jersey. 
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the new ratios recovered from each phase. The natures 
of the distributions will of necessity depend upon the 
kinds of phases used in the phase pair. The various 
possibilities are set forth in a cross-table (Table 1) to- 
gether with some of the separation processes which rely 
on the particular distributions. (A few selected refer- 
ences are given for the various processes. The litera- 
ture is too voluminous to be treated otherwise.) 

The actual separation process consists of certain 
definite operations which may be generalized to cover 
ail of the distributions listed in Table 1 (16). 

Operation 1. The mixture to be separated, dissolved 
in or constituting one of the phases, is brought into con- 
tact with the other phase. Often, a rather specialized 
machine is used for this operation and the subsequent 
ones. 

Operation 2. Contact between the phases of the 
phase pair is maintained for a period to permit the 
components of the mixture to become distributed into 
the phases. This period may be that required to reach 
equilibrium, but its length is not necessarily governed 
by this end. 

Operation 3. The phases are separated by some 
mechanical means. 

Operation 4. The mixtures of substances, in new 
ratios of their components, are recovered from the 
phases separately by some suitable method. 

It is not necessary to list here the mechanical methods 
necessary for separating the phases in each case. In 
distillation they involve, for example, drawing off the 





TABLE | 
Cross-Table of Possibilities for Separation Processes Involving Distribution into Two Phases, with Some 


ples of 





Phases in contact 





Gas or vapor (V) Liquid (L) Solid (S) 
Bulk Phases 
vV-V 
Gas or Vapor (V) (Atmolysis (1), Gas dif- 
fusion (2)) 
-L L-L 
Liquid (L) (Distillation (3), Absorp- (Solvent-solvent extraction 
tion (4)) (6)) 
V-S S-S 
Solid (S) (Sublimation (6)) (Crystallization (7)) (Enfleurage (8)) 
Surface Phases 
V-M L-M 
Mobile (surface of a liquid) (M) (Foam me (9), Flota- (Emulsion separation (9)) 
tion 
S-I 


Immobile (surface of a solid) (I) 
persorption (12)) 


-I ‘ 
(Gas adsorption (11), Hy- 
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liquid phase at one point in the contacting machine or 18 per cent more than the single-batch extraction. § ~ 
(the still) and drawing off and condensing the vapor It is evident that the differential countercurrent method § gon. 
phase at another point. would be most efficient, for in the passage of one phase 
Each of the distributions between phase pairs listed past the other the extracting phase would leave the 
in Table 1 can be made the basis of separation processes. other in the most complete state of exhaustion possible. § Phase ; 
Within one phase pair the separation processes can The separation processes involving differences at the v1 
differ in the methods of obtaining contact (Operation 1) level of Operation 2 are not quite so numerous at. present 
and in the types of machines used for bringing about as might be considered possible. For each different LI 
the contact; in the period allowed for the distribution method of contacting there could be imagined processes 
and its equilibrium or nonequilibrium result (Opera- which differ by using either equilibrium or nonequilib- 
tion 2); in the methods of separating the phases rium distributions. Some examples of these methods 
(Operation 3); and in the recovery of the products of are collected in Table 3. It will be evident, also, that § tween 
the separation (Operation 4). These methods of the procedure under each method of contacting may be § the re 
operation are utilized in connection with each phase varied in another way without changing the principle § The lz 
pair, or if not actually used are conceivable. of the method. For example the cascade method, as § with | 
In connection with Operation 1 we can distinguish well as its limit, the differential countercurrent method, § plicity 
four ways of contacting the phase pairs: in a batchwise may be carried out either in a nonsteady-state operation J} the ph 
manner, a cascade manner, a differential counter-cur- or in a steady-state operation: In the former a given § attack 
rent manner, and a cocurrent manner (16). Thebatch- quantity of material is distributed, possibly to equilib- § ture c 
wise method is in principle quite distinct from the differ- rium, and then fractions are removed, more or less | sponte 
ential countercurrent. The cascade application is a slowly, until the entire quantity of material has been § The te 
multiple stage, or multiplied batchwise, method which exhausted or until a determined state of the separation § can be 
is analogous to a systematic batchwise fractionation has been reached. In the latter type of operation the § measu 
such as may be carried out on the basis of a “diamond mixture is fed into the system at the same rate at which § ther re 
pattern” (17); the differential countercurrent is the fractions are drawn off, a steady state being achieved § equilib 
limit which might in some cases be approached by a_ throughout the machine being used for the separation. § from 
cascade operation in which the stages are very numer- This type of system is sometimes called an “open”’ sys- §| equilib 
ous. Examples of these processes for a number of tem (36); it is characterized by a stable gradient of § terms. 
solvent-pair distributions are given in Table 2. The some kind between the point of ingress of the mixture J of the 
cocurrent method, in which the members of the phase to the machine and the points of egress of the fractions. J plainec 
pair pass in the same direction, is industrially important Because of this gradient the steady state is not an equi- § entrop 
but will not be considered here. It seems to be essen- librium state over-all since the latter condition would § terms . 
tially a batchwise process. require the intensities of all forms of energy to be § or the 
These different ways of contacting phase pairs show, uniform. A closer approach to equilibrium in cascade The 
apart from their difference in appearance a very funda- and differential countercurrent processes can_ be §f by the 
mental difference in principle (23). For a given quan- achieved through the device of reflux, applied at both § are obt 
tity of the phases the batchwise is the least efficient and ends of the system. (This is not the sole purpose of § distrib 
the differential countercurrent the most efficient, other reflux.) distribn 
things being equal. This can be seen from the follow- Differences in the mode of carrying out Operations 3 § are oft 
ing argument. Suppose that a solute with a distribu- and 4 are of no particular interest here, nor will those § an idea 
tion ratio of 1 were extracted from one phase with an separation processes be discussed in which several dif-§ tions o 
equal volume of the other; the amount extracted in a ferent types of distribution are utilized simultaneously. § would 
single batch process carried to equilibrium would be 0.5 These latter are covered here in principle, though not § cases ti 
of the original amount of solute. If the second phase _ explicitly. from tl 
were used in two steps, using equal portions in each, the Two questions may be raised at this point: Why dof trated ; 
total solute extracted would be 0.555; in 4 steps 0.590, the molecules of the mixture distribute themselves be-§ to deal 
In d 
TABLE 2 i is of 
Examples of Methods of Operation by Which the Various Indicated Phase Pairs Are Utilized in Separation Processes that id 
Phase pairs utilized zi calculat 
V-L L-L L-I L-S proach 
Method of operation Distillation Solvent-solvent extraction Adsorption Crystallization (29), gi 
Batchwise Distillation of a volatile Simple liquid-liquid ex- Simple decolorization Simple crystallization [J PT oach, 
substance from an es- traction (5) (18) present 
——, nonvolatile solution 
Cascade (multi-stage) Bubble-cap tower opera- Systematic ae ex- Systematic repeated ad- Systematic recrystallia Separati 
tion (3, 4) traction (18 sorption (20 tion (21 assumpt 
Countercurrent crystal 


Differential countercurrent ery: tower operation 


) 
Putte) tower extraction Chromatography (14), 


Hypersorption (12) lization (22) 
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TABLE 3 
Some Processes Which Differ in Closeness of Approach to 
Equilibrium 
Process relying on virtual Nonequilibrium 

Phase pair equilibrium process 
V-L Fractional distillation Nonequilibrium evapo- 
under reflux (3, 4) ration (24), molecu- 

lar distillation (25) 

L-I Probably most chro- 


Simple decolorization 
(13) matographic _proc- 
esses (14) 


tween two phases in contact, and what factors control 
the relative amount of a given substance in each phase? 
The latter question can be discussed only in connection 
with the individual processes because of the multi- 
plicity of factors involved and because these differ with 
the phase pairs in use. The former question has been 
attacked in many ways. The molecules of the mix- 
ture distribute themselves between the phases in a 
spontaneous process which is of itself irreversible. 
The tendency of the molecules to distribute themselves 
can be measured, as it occurs, asa rate. It can also be 
measured as a potential which will be greater the fur- 
ther removed the initial state of the system is from the 
equilibrium state. The escaping tendency of molecules 
from one phase into the other can be judged from the 
equilibrium distribution. It is sometimes measured in 
terms of fugacity (26). The drive toward distribution 
of the components between the phases is sometimes ex- 
plained as being due to the tendency to increase the 
entropy of the system. It is sometimes measured in 
terms of the probability of finding the molecule in one 
or the other phase. 

The forces driving the distribution can be dealt with 
by the methods of rate theory (27). The results which 
are obtained in this way are generally applicable to all 
distributions. The chemical basis for explaining the 
distributions are less general. As stated above they 
are often particular to the phase-pair in question. In 
an ideal distribution process the ratio of the concentra- 
tions of a given molecular species in the two phases 
would be constant (28). However, in most actual 
cases this constancy is not observed. The departure 
from the ideal behavior is especially great in concen- 
trated solutions, so that it becomes rather complicated 
to deal quantitatively with these separation processes. 

In dealing with actual distributions two types of 
approach are taken to this problem. In the laboratory 
it is often possible to work with such dilute solutions 
that ideal behavior is approached. This makes the 
calculation of such systems much simpler. This ap- 
proach is exemplified in the work of Martin and Synge 
(29), Tiselius ($0), and Craig (18). The other ap- 
proach, which appears to be the only feasible one at 
present for dealing with separations of concentrated 
solutions (7. ¢., most industrial and some laboratory 
separations) makes use of indices, factors, simplifying 
assumptions, and other adjustable parameters through 
which a manageable theory can be fitted to the experi- 
mental observations (31). 
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A further complication in separations is provided by 
the existence of constant-distribution mixtures. In 
crystallization these may be eutectics (32), or weakly 
bound complexes which are not separated under the 
conditions of most crystallizations (e. g., low tempera- 
ture). The analogue in distillations is the existence of 
azeotropes (33). These may be broken in a variety of 
ways (34). In adsorption the analogue is found in the 
mixtures which are adsorbed in the same ratio as they 
exist in the bulk phase (35). It may be imagined that 
these can be separated by nonequilibrium chromatog- 
raphy (as azeotropes may be separated by nonequilib- 


‘rium distillation (24). 


‘It is evident from this analysis that all these distribu- 
tion processes are analogous in principle. In practice 
they differ with the nature of the phase pair, which 
governs the kind of machine used in carrying out the 
separation, and with the manner of contacting the 
phase pairs. They differ also in many details of opera- 
tion which can only be discussed under the individual 
processes. 
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RADIOACTIVE STANDARDS OF CARBON 14! 


Carson 12, a radioactive isotope of carbon, has made poszibie 
new isotopic tracer techniques in the study of animal and plant 
metabolisms, the polymerization of organic molecules, and many 
other complex organic processes. Since normal carbon 12 and 
radioactive carbon 14 are alike in their chemical behavior, it is 
possible to ‘“‘tag” complicated organic molecules by incorporating 
radioactive carbon atoms into their structure. These tagged 
molecules may then be followed through the course of complex 
reactions. The usefulness of carbon 14 as a radioactive tracer 
was recognized soon after its discovery in 1940, but only recently 
have sufficiently sensitive methods appeared for the detection 
and measurement of its comparatively weak beta radiation (car- 
bon 14 emits no gamma rays and its beta rays have a maximum 
energy of only 154,000 electron volts). 

The development of adequate instrumentation and the avail- 
ability of large amounts of carbon 14 through atomic-pile produc- 
tion have resulted in increasingly widespread use. The need for 
uniform measurement standards has become critical and in recog- 
nition of this the National Bureau of Standards has prepared a 
series of standard ampoules of a sodium carbonate solution con- 
taining definite, known amounts of carbon 14. These ampoules 
will serve as comparison standards for the calibration of measur- 
ing instruments used in actual radioactive tracer work with car- 
bon 14, 





1 Reprinted from Technical Report 1396, of the National Bureau 
of Standards, U. 8S. Department of Commerce, Washington, D. C. 


The Bureau’s preparation of the carbon 14 standards has in- 
volved a carefully controlled chain of operations. A sample of 
barium carbonate, in which approximately 4 per cent of the car- 
bon atoms is carbon 14, was procured from the Oak Ridge Na- 
tional Laboratory and its ratio of carbon 12 to carbon 14 deter- 
mined in a number of laboratories with the aid of the mass spec- 
trometer. A weighed amount of the radioactive barium carbon- 
ate was converted to sodium carbonate in a vacuum by allowing 
the sample to react with perchloric acid and collecting the evolved 
carbon dioxide in a solution of sedium hydroxide. The standard 
ampoules were filled with a dilute solution of the enriched sodium 
carbonate whose disintegration rate was first carefully deter- 
mined. Carbon dioxide was liberated from the sodium carbonate 
solution in a vacuum by reaction with sulfuric acid, frozen in a 
liquid air trap, and then allowed to expand into an ionization 
chamber. The amount of ionization, which is proportional to 
the number of disintegrating atoms, was determined with the 
aid of a vibrating-reed electrometer. 

Another phase of the Bureau’s work on carbon 14 has been a 
redetermination of its half-life. The usual method in which the 
time is measured for the activity of a radioactive sample to be 
reduced to one-half its original value can only be used for iso- 
topes with relatively short half-lives. For long-lived carbon 14, 
the number of atoms in a given sample was determined with the 
aid of a mass spectrometer and the rate of disintegration found 
with a Geiger counter. From these two quantities a half-life 
of approximately 6000 years have been established for carbon 14. 
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* ETHYL FORMATE, N-PROPYL FORMATE, AND 
N-PROPYL ACETATE 


Tue preparation of esters by distillation procedures, 
though less generally practicable than by other methods 
such as that of Fischer and Speier, is retained in many 
laboratory courses because the assembly and operation 
of the apparatus are instructive and interesting labora- 
tory exercises. The familiar choice of ethyl acetate to 
illustrate the distillation procedure is unfortunate, for 
unless the student is skilful or lucky enough to reach 
the final distillation with a product free from alcohol 
and water he finds that it distills unimpressively, start- 
ing at about 70° and continuing up to 76° or 77°, a 
temperature reached sometimes only near the end of 
the distillation. The reason for this behavior, appar- 
ently seldom disclosed to students, is the fact that ethyl 
acetate and/or water and ethanol yield three constant- 
boiling mixtures distilling at 70.3°, 70.4°, and 71.8°, 
and containing from 69 to 93.9 per cent of ethyl acetate. 
The distillation equipment used in such experiments 
does not permit separation of these mixtures from any 
ester not so involved, and any retreatment of the con- 
taminated ester to remove water and ethanol involves 
excessive losses during the repetition of the washing 
operations. For many years in this laboratory we have 
given supplementary directions to improve the re- 
moval of water and ethanol, but as it was found that 
effective treatment involves heavy loss of ester, efforts 
were made to replace the preparation of ethyl acetate 
by that of an ester more readily separated and puri- 
fied. Three satisfactory replacements were found, 
viz., ethyl formate, n-propyl formate, and n-propyl 
acetate. The following preparations require a short 
fractionating column, e. g., a three-ball Snyder, a Vig- 
reux or packed column (1), but no expensive chemicals. 

The examples described were selected because in each 
case the ester is the main constituent of the lowest- 
boiling distillate, thus permitting its separation by 
simple means. Ethyl formate distills as such and in a 
state of comparative purity; its preparation is easy and 
rapid and is suitable for short courses. Both n-propyl 
formate and n-propy] acetate distill as main components 
of azeotropic mixtures with water and/or propanol, 
collected, respectively, at 72—75° and 82-85°. In both 


cases the distillates stratify, permitting separation of 
the esters which after simple treatment are pure and (is- 
till in narrow ranges of temperature now well above the 
distillation temperatures of the azeotropic mixtures, 
viz., at 80-83° and 99-102°, respectively. 





—Student Preparations 


E. C. WAGNER 
University of Pennsylvania, Philadelphia, 
Pennsylvania 


In the preparation of the formic esters formic acid is 
sufficiently strong to serve as acid catalyst. Forma- 
tion of n-propyl acetate requires presence of an acid 
stronger than acetic acid. Sulfuric acid is used, and 
to make more striking its effectiveness the experiment 
is started in its absence, the temperature of incipient 
distillation showing the student at once that esterifica- 
tion is too slow for operation of the process, after which 
sulfuric acid is introduced, when forthwith the forma- 
tion of ester becomes rapid enough to permit distilla- 
tion at a steady temperature. 

In each of the esterifications described water ac- 
cumulates in the reaction flask. The disadvantage 
inherent in this result can be decreased, because the 
acids are the highest-boiling components of the reac- 
tion mixtures and may be used in moderate excess; if 
desired the excess acid can be distilled finally and in 
part recovered. 

It should prove instructive to have the student con- 
vince himself that a distillation procedure may be ex- 
cluded in some other esterifications. To do this he 
shoula select some other esters, ascertain (2) what con- 
stant-boiling mixtures can form and the boiling points 
of these mixtures and of individual compounds in- 
volved, and then decide whether or not distillation 
procedures can be devised to obtain the esters. The 
student should be made acquainted with the device of 
adding to an esterification mixture a third component 
which is inert but which is known to form a minimum- 
boiling azeotrope with one or more of the components 
of the mixture. Azeotropes containing water with 
alcohol and/or ester may stratify in the receiver, and 
if the distribution of compounds between the layers is 
known and is favorable a reactant may be returned to 
the flask. For example, ethyl oxalate can be prepared 
(3) in presence of carbon tetrachloride.' 


Apparatus. The distillation outfit described pre- 
viously (4) and shown also in Fisher’s laboratory 
manual (5) may be used, with the 200-ml. flask sup- 
ported on a perforated square of sheet asbestos (6). 
The condenser should be short; one with an 8-inch 


1 Water is removed in a ternary azeotrope, the heavier layer 
of the stratified distillate is dried and returned to the flask (ethanol 
and carbon tetrachloride); the boiling point of the ternary mix- 
ture is so low (61°) that esterification is effected at a temperature 
below that at which thermal decomposition of ethyl hydrogen 
oxalate occurs; the ester accumulates ir the flask. 
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jacket suffices. The burner, provided with a chimney 
and with an accessible fuel control, is placed so that the 
tip is about 10 cm. below the bottom of the flask. If 
the laboratory is drafty the outfit should be protected 
by a screen of sheet asbestos. To support the re- 
ceiver (the outlet of the condenser being high above the 
table top) a wooden funnel stand is suggested; the arm 
is set at such height that, when the condenser outlet is 
thrust well into the receiver, the latter is securely seated 
in the larger beveled hole of the funnel support, the 
arrangement being such that the receiver can readily be 
removed and replaced. Auxiliary apparatus includes a 
60-ml. short-stem separatory funnel,' two 50-ml. Erlen- 
meyer flasks (one tared), a 4-inch test tube and, for the 
preparation of propyl acetate, a 5-ml. or 10-ml. bulbed 
pipet. Drying agents specified are anhydrous mag- 
nesium sulfate (for ethyl formate), anhydrous granular 
calcium chloride, and dry granular potassium car- 
bonate; the last-named is used also for salting out 
n-propy] alcohol. 

General Procedure. The alcohol and acid may be 
weighed directly into the counterpoised reaction flask, 
or alternatively the alcohol may be measured in a 
graduated cylinder and transferred to the reaction flask, 
after which the acid is measured in the same graduate 
and transferred. In this way the alcohol is all trans- 
ferred, the last portions being rinsed out by the acid, 
and the inaccuracy of the measurement affects only the 
acid, which is used in excess and need not be measured 
with the same exactness as is desirable for the alcohol. 
Introduce into the reaction flask several boiling granules 
(all distillations are to be made in presence of boiling 
granules) and assemble the distillation apparatus. In all 
cases use as the first receiver a 60-ml. separatory funnel 
with shortened stem, and with the stopcock held securely 
in closed position by means of a rubber band. Heat the 
mixture with a small flame; with the arrangements 
specified a flame not more than 1 cm. high suffices. 
This is a very small flame to maintain, which may re- 
quire that the air supply be cut off completely or 
nearly so and that drafts be excluded. When distilla- 
tion begins adjust the flame so that the rate of distilla- 
tion does not exceed one drop per second. The crude 
esters are collected, washed, and dried in the 60-ml. 
separatory funnel, to minimize losses due to handling. 
The wash liquids? should be separated sharply from the 
esters, so as to subject the drying agents to action of no 
liquid water. The quantities of drying agents specified 
may be inadequate if the separation is careless, leaving 
drops of water with the ester. An hour or longer should 
be allowed for drying the esters, with the separatory 
funnel stoppered, and with occasional swirling. If the 
drying agent masses it should be broken up at intervals 
by manipulation with a thin glass rod. The dried 
ester is transferred to a 50-ml. side-arm flask for the 
final distillation. If the drying agent is free from 


* The lower esters of formic acid are noticeably soluble in water 
and are readily hydrolyzed by aqueous alkali or even by water. 
This accounts for the rather sketchy washing treatments specified 
for ethyl and n-propyl formates. 
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powder the ester may be decanted into the flask through 
a small funnel, in the apex of which it is advisable to 
have a small wad of cotton to retain any solid particles 
of drying agent; if powder is present a small fluted filter 
paper must be used instead. Before attaching the 
thermometer and condenser (which are wet with acid 
following the first distillation) to the side-arm flask, 
they should be washed and dried with acetone. For the 
distillation the flask is seated in a perforated square of 
asbestos, boiling granules are introduced, and a very 
small flame is used. The final receiver is a tared 50-ml. 
Erlenmeyer flask, but during the distillation of n- 
propyl formate or n-propyl acetate a second dry (not 
tared) Erlenmeyer flask or a 4-inch test tube should be 
at hand in which to collect any low-boiling or turbid 
forerun. 

Further details are given in the individual descrip- 
tions below. Data for the compounds used and made, 
and for azeotropic mixtures, are taken from Lange’s 
“Handbook of Chemistry” (2). 

Preparation of Ethyl Formate. B. p. 54°; sp. gr. 
0.906 (20°/4°); solubility in water 11 per 100 at 18°. 
No azeotrope including this ester can be involved, and 
the azeotropes of ethanol-water and formic acid-water 
boil too high (78.1° and 107.3°, respectively) to inter- 
fere. 

Use as reactants 12.5 g. of U. 8. P. ethanol (15.4 mlL.; 
11.5 g. actual ethanol; 0.25 mole) and 17.8 g. of 88-90 
per cent formic acid (14.9 ml.; 16.1 g. actual formic 
acid; 0.35 mole). As ethyl formate is volatile pack the 
space between the condenser outlet and the neck of the 
receiver with cotton, and throughout the experiment 
try to prevent undue evaporation losses. Distillation 
begins at about 54°, and the entire yield of ester should 
boil in the narrow range 54-56°. When the tempera- 
ture of distillation just exceeds 56° allow several addi- 
tional drops of distillate to collect (drainage in the con- 
denser) and then replace the first receiver by a 50-ml. 
Erlenmeyer flask (not weighed) and continue the dis- 
tillation. The temperature rises steadily and finally 
reaches 106° or 107°, indicating that the liquid distilling 
is the azeotrope of formic acid and water (77.5:22.5; 
b. p. 107.3°; b. p. of anhydrous formic acid 100.8°). 
Compare the odors of the two distillates. 

The 54-56° distillate is probably nearly pure ethy! 
formate, and if weighed it may prove to be over 90 per 
cent of the theoretical amount. Wash the ester with 
two separate 2.5-ml. portions of saturated sodium chlo- 
ride solution, drawing off and discarding the aqueous 
layers, and dry the ester using 2 to 2.5 g. of granular 
anhydrous magnesium sulfate. Distill the dried ester 
from a 50-ml. side-arm flask as a 1° fraction (54-55° 
corr.). The yield should be 11—13 g. (60-70 per cent). 

Preparation of n-Propyl Formate. B. p. 81.3°; sp. 
gr. 0.901 (20°/4°); solubility in water 2.2 per 100 at 


22°. The constant-boiling mixtures to be considered 
are the following: 
2 
B.p 
Propanol: water (71.7 :26.8). 060 eo ec cee cece 87.7° 
Propanol:n-propyl formate (3:97)................ 80.65° 
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n-Propyl formate: water (96.4:3.6)................ 71.9° 
n-Propyl] formate: propanol: water (82:5:13)....... 70.8° 
Formic acid: water (77.5:22.5)...........0cceeees 107.3° 


The boiling point of propanol (97.8°) and that of anhy- 
drous formic acid (100.8°) are here not of practical 
interest, as both will distill, if at all, as components of 
azeotropic mixtures. In this experiment the water 
present (including water of reaction) is more than 
sufficient to involve all the ester as one or both of the 
two low-boiling azeotropes, permitting removal of the 
ester (with water and a small amount of propanol) 
between 70° and 75°. 

Use as reactants 15.0 g. of n-propyl! alechol (18.7 ml.; 
0.25 mole) and 17.9 g. of 88-90 per cent formic acid 
(14.9 ml.; 16.1 g. actual formic acid; 0.35 mole). Dis- 
tillation starts at or near 72°; collect as crude product 
the material that’ boils 72-75°. Then put in place as 
receiver a 50-ml. Erlenmeyer flask and distill to collect 
the formic acid-water azeotrope (see preparation of 
ethyl formate). 

The 72-75° distillate stratifies. Draw off the lower 
layer into a 4-inch test tube and set aside. Shake the 
ester with two separate 2.5-ml. portions of cold water, 
combining these washings with the aqueous liquid in 
the test tube; if this liquid is saturated with potassium 
carbonate a small oily upper layer (propyl! alcohol) will 
separate and may be discarded. Dry the ester with 
2--2.5 g. of anhydrous granular calcium chloride. De- 
cant through cotton into a dry 50-ml. side-arm flask 
and assemble the distillation apparatus. With a dry 
4-inch test tube as receiver distill and collect any turbid 
forerun that boils below 80°. Install as receiver a dry 
weighed 50-ml. Erlenmeyer flask and distill the ester, 
collecting the material that boils between 80° and 83°. 
During the distillation treat the forerun (it may now be 
clear but is wet) with one or two clean lumps of calcium 
chloride. Transfer the dried liquid to the flask and 
distill it, collecting separately any turbid or low-boiling 
material (which may be discarded), and with the main 
yield the portion that boils 80-83°. The yield should 
be 15 to 18 g. (70-80 per cent) or more; the highest 
yield in the trials was 18.5 g. or 84 per cent. 

Preparation of n-Propyl Acetate. B. p. 101.6°; sp. 
gr. 0.836 (20°/4°); solubility in water 1.6 per 100 at 
16°. The constant-boiling mixtures to be considered are 
the following: 


B. p. 
n-Propyl acetate: propanol (49:51)................. 94.7° 
Propanol:water (FU,72 BBE). 6. dino ied: Soe ciatiecie ses 87.7° 
n-Propanol acetate: water (86:14)................. 82.4° 
n-Propyl acetate: water: propanol (59.5:21:19.5).... 82.2° 


The_boiling point of propanol (97.8°) is-not of practical 
interest here, as any propanol that distills will do so as a 
component of the 82.2° or 87.7° azeotrope. Acetic 
acid boils well above the temperature range of the 
esterification. In this experiment the water present is 
more than sufficient to involve all of the ester as one or 
both of the low-boiling azeotropes, so that no ester 
should survive to yield the ester-alcohol azeotrope of 
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b. p. 94.7°, but even with careful manipulation a small 
amount of the alcohol-water azeotrope of b. p. 87.7° 
may pass into the first distillate, collected between 82° 
and 85°. Since also some propyl! alcohol is carried 
over in the ternary mixture directions are included for 
recovering this alcohol and returning it to the reaction 
flask... The second fraction, collected between 85° and 
98°, probably contains both ester and alcohol, and is 
worked up so as to recover the ester. 

Transfer to the reaction flask 15.0 g. of n-propyl 
alcohol (18.7 ml.; 0.25 mole) and 21.1 g. of glacial 
acetic acid (20.1 ml. of 99.5 per cent acid; 21.0 g. actual 
acetic acid; 0.35 mole). Assemble the apparatus and 
heat the reaction mixture sufficiently to force the heated 
vapors about the thermometer bulb but not enough to 
cause actual distillation. It will be observed that the 
temperature indicated is above 85°, showing that forma- 
tion of ester is unprofitably slow (owing to the absence 
of an acid capable of inducing rapid esterification), as 
otherwise one or both of the ester-containing azeotropes 
that boil near 82° would distill. When this fact is 
established withdraw the burner and allow the liquid to 
cool considerably. Then introduce 1 ml. of conc. sul- 
furic acid and start the distillation. It will now be 
observed that distillation begins at 82° and that the 
product passes over in quantity between 82° and 85°. 
Collect the liquid that distills in this range and set it 
aside for further treatment. 

Now distill the 85—98° fraction into a 4-inch test tube, 
and work up as follows. Add solid anhydrous potas- 
sium carbonate to saturation, and separate the layers 
by the pipet technique described by Mulliken (7), dis- 
carding the lower aqueous layer. Return the upper 
layer to the test tube and shake with an equal volume of 
water. Using the pipet as before separate the layers, 
discarding the water layer and combining the upper 
layer with the 82-85° distillate.* 

The crude ester in the separatory funnel (82-85° dis- 
tillate) will be stratified. Draw off the lower aqueous 
layer into a 4-inch test tube and saturate it with potas- 
sium carbonate. Using the pipet as before separate 
the upper layer (propyl alcohol) sharply. If it amounts 
to several tenths of a ml. continue as+follows; if less 
than this it may be discarded, in which case omit the 
next two sentences. Add the salted-out alcohol to the 
residue in the distilling flask and resume distillation, 
collecting with the crude ester anything that boils up 
to 85°. Separate and discard any lower layer now 
present in the combined distillates. Shake the crude 
ester with 2.5 ml. of cold water, with addition of enough 
potassium carbonate to neutralize any acetic acid 
present. Separate and discard the wash liquid. Dry 
the ester with 2—2.5 g. of anhydrous calcium chloride. 
If desired the residue in the reaction flask may be dis- 





3 The material so recovered from the 85-98° distillate is propyl 
acetate. The washing with water will have removed propyl 
alcohol. When dried and then distilled separately the material 
boiled 99.8-102°, showing it to be the ester and not dipropyl 
ether (b. p. 91°). 
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tilled; the distillate above about 105° is largely acetic 
acid (b. p. 118.1°), recognizable by odor. 

Pour the dried ester through cotton into a 50-ml. 
side-arm flask, and assemble the distillation apparatus 
with a 4-inch test tube as receiver. In this collect any 
turbid forerun that distills below 99° (slow distillation). 
Then install as receiver a weighed 50-ml. Erlenmeyer 
flask and in it collect the material that boils between 
99° and 102°. During this distillation treat the fore- 
run (which may now be clear but is wet) with one or 
more lumps of calcium chloride. Transfer this dried 
liquid to the distillation flask and distill, collecting 
separately and discarding any material that is turbid 
and low-boiling, and with the main yield of ester the 
material that boils 99-102°. The yield should be 15- 
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17 g. (60-68 per cent); the best yield in the trials was 
17.6 g. or 68.7 per cent. 
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* NEW METHODS FOR THE DETERMINATION 
OF MOLECULAR WEIGHT BY VAPOR DENSITY 


Axy experiment which provides simultaneous meas- 
urements of the pressure, temperature, and density of a 
gas may be used with the aid of some equation of state 
for the determination of the molecular weight of the gas. 
In the technique outlined here two methods for ob- 
taining these data may be investigated concurrently 
and the conditions are such that the ideal gas law may 
be used with good accuracy for the calculation. 


TOTAL MASS-TOTAL VOLUME DETERMINATION OF 
GAS DENSITY?! 


If the volume of a system is known and a known 
weight of sample is introduced and vaporized into this 
volume, the gas density may be computed immediately. 
In this determination a system of large volume is 
evacuated as completely as practicable and a liquid 
sample is introduced through a serum bottle stopper by 
means of a hypodermic syringe. Since the syringe is 
calibrated in units of volume and the density of the 
liquid may be determined, the weight of the liquid in- 
troduced may be computed easily. The pressure in- 
crease which results from the introduction of the 
sample is measured by means of a large-bore mercury 
manometer and the temperature determined by a 
thermometer in the system. From these data and the 
ideal gas law the molecular weight. of the sample may 
be calculated. Use of this method is of course limited to 
liquids which have a vapor pressure at room tempera- 


1 This technique was originated by Dr. Linus Pauling and has 
been used by him for several years as a demonstration in general 
chemistry at the California Institute of Technology. 
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ture sufficiently high to allow an accurate determination 
of the increase in pressure resulting from vaporization 
of the sample. It is also clear that all of the injected 
liquid must vaporize for the determination to have 
meaning. 


DIRECT DETERMINATION OF GAS DENSITY WITH A 
DENSITY BALANCE 


A gas density balance of novel design is used in con- 
junction with the above syringe-injection technique. 
This balance as illustrated in Figure 1 consists of a thin 








The Density Balance 


Figure 1. 


glass tube of diameter about 1 mm. and length 12 cm. 
with a bulb of volume about 5 ml. blown on one end and 
a counterbalancing piece of glass tubing fastened to 
the other with a fused eutectic mixture of sodium and 
potassium nitrate. The balance is fastened with the 
same cement onto a fine fiber of diameter about 0.05 
mm. and a small mirror is cemented with cellulose ace- 
tate cement to the balance where it is fastened on the 
fiber. The fiber is in turn fastened with fused silver 
chloride to the arms of a glass fork 45 mm. apart, 
which is mounted on a brass bar to provide stability to 
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the entire balance. Both quartz and pyrex-glass fibers 
have been used in balances with success but the ease of 
manipulation of pyrex glass and its familiarity may 
favor its use. The mixture of fused sodium and potas- 
sium nitrates has been found to be very satisfactory as a 
cement and its low melting point makes adjustment of 
the balance quite easy. 

The balance is mounted inside a pyrex-glass tube of 
60-mm. diameter, one end of which is drawn down to 
provide a connection with the rest of the system and 
the other end of which is closed by a large rubber 
stopper bearing a thermometer which projects into the 
space in the immediate neighborhood of the bulb. In 
addition to being completely transparent this type of 
mounting has the advantage of allowing easy access to 
the balance and provides a convenient way of as- 
sembling and adjusting it. A change in the density of 
the gas surrounding the bulb causes a change in the 
buoyant force on the bulb and a twisting of the fiber. 
The twist is observed with the aid of an optical system 
in which a beam of light from a six-volt, linear-filament 
bulb is reflected from the small mirror onto a translucent 
scale. The position of the image on the scale is a 
measure of the twist of the fiber and hence of the 
density of the gas surrounding the bulb. The scale 
which is 15 em. long is ruled on a strip of polystyrene 
plastic in divisions of 1 mm. and is bent to the arc of a 
circle of radius 15 cm. with its center at the mirror. 
With an arrangement of this sort a linear relation is 
obtained between the density of the gas and the de- 
flection of the image on the scale. The transparency 
of the tube makes the instrument direct reading over a 
wide range of density and consequently no “balancing” 
in the usual sense by varying the gas pressure is re- 
quired. 

A detailed diagram of the apparatus is presented in 
Figure 2. A removable trap 7’ which serves to condense 
volatile material introduced into the system is provided 
between the apparatus and the vacuum pump. A 
two-way stopcock connecting the apparatus with the 
vacuum system is intended so that in one position the 
apparatus may be evacuated while in the other, it may 
be filled with air which has been drawn through two 
long tubes, one, A, filled with soda lime to remove carbon 
dioxide and the other, B, filled with silica gel to remove 
water. Theserum bottle stopper, C, through which the 
liquid is injected is mounted in the top of a wide glass 
tube provided with side arms connecting into the 
system. This tube is designed so that the bottom may 
be warmed by surrounding it with a beaker of warm 
water in order to increase the rate of vaporization. The 
total volume of the system which we are using is 6700 
ml. the major part of which is a 5-liter flask. The 
constrictions indicated in the connections to the 
manometer and density balance are intended to mini- 
mize the velocity of gas flow into these parts of the 
system and hence to avoid the sudden shock and conse- 
quent oscillations which may attend injection, of the 
liquid and possibly unconsidered opening of the stop- 
cocks leading to the atmosphere. The manometer M 














Figure 2. Schematic Diag of Apparat 





is constructed from 15-mm. tubing to allow high ac- 
curacy in the measurement of pressure and has a range 
of about 25 cm. of mercury. 

The calibration of the instrument is obtained by a 
correlation of the scale reading with the density of a 
known gas; dry, CO,-free air seems to be quite satis- 
factory for this purpose. A representative calibration 
curve for the instrument is presented in Figure 3 where 
the scale reading is plotted against the pressure of air; 
the points are well represented by a straight line. The 
transformation from units of pressure to units of gas 
density involves a knowledge of the molecular weight of 
air, which is taken as 28.90, and the temperature of the 
calibration. For purposes of gas density determination 
a complete calibration of this sort is required in which 
the actual scale reading is correlated directly with 
the density, but for the simple application to molecular 
weight measurements, only the slope of the line is 
needed, that is, the change in scale reading per centi- 
meter of air pressure at the measured temperature. 
This simplification results from the linearity of the scale 
and is an attractive feature of the instrument which 
simplifies the calculations greatly. 

For the determination of the molecular weight of a 
liquid the system is evacuated as in the previously 
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described technique, a sample of the liquid is intro- 
duced with the syringe, and the scale reading, tempera- 
ture, and pressure measured simultaneously. The 
computations are as follows: if s is the scale reading, 
(ds/dp) air the slope of the calibration line measured at 
an absolute temperature 7',;,, Ap the pressure change, 
and As the scale change resulting from vaporization of 
the liquid sample at the temperature 7’, the molecular 
weight of the sample is given by the readily deduced 
expression 

_T X (As/Ap) 

Tair X (ds/dp)air 


The technique is limited to liquids which have a suffi- 
ciently high vapor pressure at room temperature to 
allow an accurate measurement, but since gas density is 
measured directly, it is not dependent on a knowledge 
of the total volume of the system or the amount of 
sample introduced. 


EXPERIMENTAL RESULTS 
Table 1 presents data obtained by both techniques 


M = Mair X 





TABLE 1 


Molecular Weight Determinations Using Purified Carbon 
Tetrachloride 


Temp. of system, 24.5°C.; volume of system, 6700 ml. 
Volume Pressure Scale 
injected, change, change, Mol. ut. Mol. wt. 
ml. cm. Hg cm. (balance) (total vol.) 


1.16 3.20 1.78 155 159 
0.97 2.79 1.56 156 153 
1.30 3.75 2.04 152 152 
1.06 3.04 1.67 154 153 
1.18 3.39 1.88 155 153 


154.4 = 1.1 154.0 += 2 











described above using purified carbon tetrachloride. 
Liquid volumes around 1 ml. were used for injection; 
pressure changes around 3 cm. of mercury and changes 
of scale reading around 2 cm. resulted. Table 2 sum- 
marizes data obtained with the density balance alone. 
The compounds investigated and the number of runs 
made with each are indicated; the unweighted average 
of the runs is given with an uncertainty computed as an 
average deviation. 

The results demonstrate that the two techniques are 
of comparable precision, about 1 per cent, but con- 
sideration must be given to the purity of the reagent 
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TABLE 2 
Molecular Weights Determined by Density Balance* 


No. of Mol. wt. 
runs measured 


78.7 + 0.8 
117.1 = 1.1 
+ 0.6 





Formula 
Substance weight 
CceHe (reagent) 7 
CHCl; (reagent) 6 
CHC, (distilled) 6 118.9 119.39 
CC\, (reagent) 16 152 = 2 153.84 


* No measurements were made with total mass-total volume 
technique. 





78.11 
119.39 





employed in comparing the results with formula weights 
calculated by the addition of atomic weights. 

In the hands of intelligent students both methods 
have given good results. Their simplicity and speed of 
measurement allow many runs in a relatively short time, 
and the improvement of technique consequent to many 
runs allows quite satisfactory results. The balance is 
very fragile when outside of the large tube, but when 
installed and protected from surges of gas by the con- 
strictions indicated, it is almost indestructible and no 
damage to it whatsoever has occurred at the hands of 
the large number of students who have used it. 

Although the gas density balance is used in this 
laboratory only for the determination of molecular 
weights in this technique and as a demonstration of the 
ideal gas laws, its wide applicability to other problems 
such as the measurement of saturated vapor pressure 
and density and its use as an analytical tool should not 
be forgotten. For example, one balance we are using 
has a sensitivity corresponding to a change of scale 
reading of 2.35 mm. per centimeter of air pressure at 
25°C. In an analysis of O.-N2 mixtures at a total 
pressure of 760 mm. Hg, this sensitivity corresponds to 
a change of about 4 per cent in composition per scale 
division. Thus, if a reading is accurate to 0.2 mm., an 
accuracy of 0.8 per cent may be obtained in such an 
analysis. Analyses of other gas mixtures with greater 
difference of molecular weights would be correspond- 
ingly more accurate. Clearly the analysis may be 
made continuously and, indeed, the apparatus could be 
made recording if desired. 
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SOLUTION OF PROBLEMS INVOLVING 
EQUILIBRIUM CONSTANTS 


Assumine that the answers to problems are less 
important in a student’s chemical education than an 
understanding of the means used to obtain the answers, 
a review of journals and texts seems to indicate that 
the solution of problems has not been satisfactorily 
treated. Some methods suggest mere substitution of 
known values into an explicit expression to obtain 
answers; this obviates thinking on the part of the 
student who then proceeds all too often to apply this 
substitution in a formula to a case which the formula 
was never designed to cover. Still other methods 
involve the making of approximations that are not at 
all obvious, nor are they shown to be valid. The 
usual alternative to these unsatisfactory methods 
invariably suggests the difficulty, often almost insur- 
mountable, of solving a number of unwieldy simul- 
taneous equations. It is the purpose of this paper to 
suggest a procedure for the solution of problems—and 
particularly of problems having to do with equilibrium 
constants—which starts from fundamentals, is as 
simple as possible, avoids approximations that are noi 
obvious or shown to be valid, and requires the student 
to be precise in his thinking. 

In solving problems of the types mentioned above 
the student may be advised to take the following steps: 


1. Read the problem. 

2. Visualize the situation being discussed, considering such 
things as the probable range of the pH, the solution’s volume, 
etc. 

3. Write chemical equilibrium equations for any equilibria 
prevailing in the solution. 

4. Write mathematical equations as they become apparent 
in terms of the equilibrium constants, data given in the problem, 
the consideration that solutions have no net charge, etc. If 
the pH, pOH, pCl, per cent hydrolysis or anything else is de- 
sired, it is, of course, necessary to write an equation involving 
the desired variable, such as, for example, the defining equation 
for pH. 

5. After n equations having only n unknowns have been 
written, make any obvious approximations and solve, keeping 
on the alert to make any further approximations that may be 
justifiable from either chemical or mathematical considerations. 
To avoid the solution of complicated equations guesses may be 
made that certain terms of these equations are negligible pro- 
vided that these guesses are later shown to be correct. 


To illustrate the manner in which these steps may 
be applied, two problems will be solved. 

Problem 1: A factory’s waste materials consist of 
inerts and HCl. These are discharged into a stream 
at such a rate that the HCl concentration of the stream 
is 10-° molar. The Fish and Wildlife Service wishes 
to know the pH of the stream. 
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Step 2: The solution under consideration contains completely 
ionized HCl in a solvent which is only very slightly ionized. 

Step 3: HO = H+ + OH-. 

Step 4: 


1 


{H*+] [(OH-] = 10-* 
[H*] = [OH~] + [Cl] 
[Ci-] = 10-° 
Step 5: From (3) and (4), 
{H*+] = (OH-] + 10~-° 
From this and (2), 


10-4 F 
{H*] = TA") + 10-° 


[H+]? — 10-*[Ht] — 10-4 = 0 


10- + »/10-* + 4(10-") 
2 


Since 10~—!* is much less than 4(10-"*), 





(H*] = 





1.005 


f+} 9? (19-») = 4 


From this and (1), 


= 6.998 > 7.0 


ee 107 
pH = log 1005 


Problem 2: Develop an equation expressing the 
[H+] in a solution which might have been obtained by 
mixing b milliequivalents of a monoacidic base with a 
milliequivalents of a monobasic acid in terms of equilib- 
rium constants, a, b, and the volume v of the solution 
in milliliters. Using the derived equation determine 
the [H+] and the pH of a 0.1 M NH.CN solution. 


Step 2: The solution under consideration may be a solution 
of an acid, a base, a salt, or a salt with excess acid or base. The 
base and/or the acid involved may be weak, causing hydrolysis 
of the salt’s cations and/or anions. It might be observed that 
the solution being discussed could be a solution of a strong base, 
a strong acid, a weak base, a weak acid, a salt of a strong base 
and a strong acid, a salt of a strong base and a weak acid, a salt 
of a weak base and a strong acid, a salt of a weak base and a 
weak acid or a mixture of any of these kinds of salts with either 
the acid or the base from which it was produced, with the limita- 
tion that only monobasic acids and monoacidic bases may be 
considered. Some of the types of problems dealing with these 
solutions are ionization constant problems, common ion effect 
problems, titration curve calculations, buffer solution problems, 
and problems dealing with pH’s of various kinds of salt solu- 
tions. The fact that a general equation for the H+ ion concen- 
tration in all of these solutions can be derived throws doubt on 
the advisability of the common practice of treating all of the 
problems mentioned as though they were entirely unrelated. 
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Step 3: 


H.0 = Ht + OH- 
MOH = M* + OH- 


(If base is strong, equilibrium is displaced completely to the 
right. ) 


aX = H* + x> 
(If acid is strong, equilibrium is displaced completely to the 
right. ) 
Step 4: 
[H*][(OH~] = Ky (1) 
oH] = K, (for strong base K, = ~) (2) 
[H+)IX~] _ ae 
“7° * K, (for strong acid Kz = ~) (3) 
[M+] + [MOH] = b/o (4) 
[X-] + [HX] = a/v (5) 
[M+] + [H*] = [(OH~] + [X-] (6) 


(The above is true since the numbers of mols of positive charges 
and of negative charges per liter are equal.) 


= log (1/[H*]) (7) 
Step 5: Eliminating [MOH] from (2) and (4), 


(M+]{(OH-] = Ky (; - [M+]) (8) 

Eliminating [HX] from (3) and (5), 
[H*)[X-] = Ke (2 - [x-1) (9) 

Eliminating [M*] from (6) and (8), 
Ka(b/») 


WET TE + [H+] = [OH-] + [X-] (10) 
Eliminating [X~] from (9) and (10), 
Ki(b/v) tins 8 Ka(a/v) | 
(OH-] + Ke + {H ] ws [OH ] + Tat) we Ka (11) 
Eliminating [OH~] from (1) and (11), 
_ Ki(b/e) | +1 — Ae Ka(a/v) 
y weg (H*] = tej + Tt) + Ke 
ay Sloan 
—_ mak + (H+) = a +>" _ «ay 
Aw + 
K, (H*} +1 rat }+1 


With regard to the above expression, it is interesting 
to note that if our solution is, for example, one of 
NaCl, b = a, 1/K, = 0, 1/K, = O and we have 
directly that [H+] = ~/K,, In determining the [H+] 
in a 0.1 M NH,CN solution, we have from the above 
equation, substituting 7/10" for K,, 1.8/10° for K,, 
10-* for Ky, 0.1 for b/v, and 0.1 for a/v. 





0.1 0.1 
5 —14 + [H*] = as + 10 
Ane ors 
01+ OS + Ht ww -14 4 0.1fH+] 
BP ects 4 1 rs j tn ” Ht} “fh {H+} 
18H] = 
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Cross-multiplying, and grouping terms: 


(=) mre + (F + + EK) 


(o1 + Pe .- a - 0.1) [H+] + 


+1) (H+? + 











7 
—10- 13 10-10 10- 23 3 
8x7) 1a ~ 20 “) - (+ 7) fa = ° 
Dropping out im terms, 
ety + pat — Oat) — 
10-= =I 
18 °[{H*]~— 


The base is stronger than the acid. Hence the solution is basic 


and 10-7 > [H+] > 10-"8. Therefore 
St Seem a: 
H°? - Ts — repr =° 


Guessing that the last term is negligible from a consideration of 
probable values of [H*], 


tpt ee Sa 38.9 _ 6.24 
[H*] Voy i0% 70% = jou (Our guess was good. ) 


From this and equation (7) above, 


101° 


= log 554 = 10 — 0.8 = 9.2 


Many problems ask for the ‘per cent hydrolysis of 
the salt”’ in addition to the pH. For many salts the 
meaning of this is quite clear. With regard to salts 
of weak acids and weak bases, however, it is well to 
point out that the anion and the cation may hydrolyze 
to different extents. In this event the per cent hy- 
drolysis of each ion must be considered and the larger 
of these taken as the per cent hydrolysis of the salt. 
If the per cent hydrolysis of the NH,CN in the solution 
discussed above were desired one might obtain the 
[H+] in the same general way as above. Then we 
have from equation (1) 


Ku ais 10% 
fat) = 624 


[OH~] = 
From equation (2) the ratio of concentration of cation hydrolyzed 
to the concentration of cation unhydrolyzed is 

[MOH] _ [OH~] _ 10~*/6.24 _ 0.89 

[M*] n:¢6° CUS CC 
Similarly, from equation (3), the ratio of the concentration of 
anion hydrolyzed to the concentration of anion unhydrolyzed 
is 





{HX ] ms {H*] a 6.24/101° = 0.89 
[(X-] Kg 7/10% : 
From this and equation (5) we have 
(HX) 
0.89 + [HX] = a/v = 0.1 


[HX] = 0.047 


The extent of hydrolysis = on = 47%. 


In this case the se’ s ions are seen to be hydrolyzed 
to almost exactly the -ame extent. This is not always 
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true. For example, the cation in 0.1 M NH,IO; 
hydrolyzes to the extent of 0.0092 per cent while the 
anion hydrolyzes to the extent of 0.0032 per cent 
(taking K, = 0.19). 

A word of caution may be in order with respect to 
the solution of systems of simultaneous equations. 
It may be noted above that after n equations having 
only » unknowns were written, an unknown was 
eliminated which occurred in only two equations. This 
reduces the system to one of n — 1 equations having 
n — 1 unknowns in one operation, thus saving work. 
With regard to the making of approximations, it will 
be noted that errors will sometimes be introduced if 
approximations are made before we have grouped all 
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terms in which the final equation’s only unknown 
occurs to the same power. If, for example, we_are 
interested in solving for xz in the simple equation 


z? + 10-*7? = 1 + 2? 


and we drop the second term since it is negligible with 
respect to the first term we obtain the impossibility 
that 0 = 1. If, however, we inspect the terms more 
closely and observe that the difference between the 
two largest terms in x? is small compared to the second 
term, we see that the second term must be retained to 
obtain the correct solution, x = 1000. Similar situa- 
tions sometimes occur in the solution of problems in- 
volving equilibrium constants. 
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. FRANK SHERWOOD TAYLOR 


FRANK SHERWOOD TAYLOR, eminent authority on the 
history of science, particularly chemistry, was born at 
Bickley, Kent, on November 26, 1897. He was edu- 
cated at Sherborne School and then at Lincoln College, 
Oxford, where his major interest was in chemistry. His 
investigations into the history of science began early and 
he was awarded B.Sc. (Oxford) in 1926, and Ph.D. 
(London, University College) for theses on Greek al- 
chemy, prepared under Dr. Charles Singer. 

In 1933, Dr. Taylor was appointed assistant Lecturer 
in Inorganic Chemistry at Queen Mary College (Uni- 
versity of London) and in 1940 he succeeded Dr. R. 
T. Gunther as Curator of the Museum of the History 
of Science at Oxford. He has entirely reorganized, re- 
arranged, and greatly augmented the collections. 

Dr. Taylor’s writings are many and varied. His 
earliest works were textbooks of chemistry, that are 
still widely used in Great Britain. From 1935 onward, 
he has published a number of books on general aspects 
of science, especially its history. His most recent books 
are “The Alchemists” and “A History of Science and 
Scientific Thought,” both published in 1949. 

Dr. Taylor was one of the charter members of the So- 
ciety for the Study of Alchemy and Early Chemistry 
(founded in 1936), and has edited its journal, Ambiz, 
since its inception in 1937. His principal subjects of 
research have been the elucidation of the theories and 
practice of the alchemists. 

In 1941 Dr. Taylor became a Roman Catholic. Since 
then he has written two works on the relations of reli- 
gion and science. He also has translated, from the 
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Flemish, Jan v. Ruysbroek’s “Seven Steps of the Ladder 
of Spiritual Love” and, from the Latin, Hugh of St. 
Victor’s “The Soul’s Betrothal Gift.” 





Frank Sherwood Taylor 











Employment Policies and Practices in American Organizations 








Berorz entering into a detailed consideration of em- 
ployment opportunities and career possibilities in insti- 
tutional research as typified by those at Mellon Insti- 
tute, it may be well to describe briefly the inherent fea- 
tures of the Institute’s mode of operation. These have 
at various times been discussed at length by the Direc- 
tor, Dr. E. R. Weidlein, and others of the Institute’s 
staff!—> so that we need only to sketch the basic frame- 





1 WEIDLEIN, E. R., anp W. A. Hamor, “Science in Action,” 
McGraw-Hill, 1931; ‘‘Glances at Industrial Research,” Reinhold, 
1936. 

2 Beat, GeorcE D., ‘‘Mellon Institute and the fellowship sys- 
tem of industrial research,”’ Chem. Eng. News, 21, 1865 (1943). 

3 Hamor, W. A., “The research around us in Mellon Institute,” 
Commonwealth, 1, No. 9, 20 (1947). 

4 Werp.eIn, E. R., Jr., “Mellon Institute,” Research, 1, No. 
15, 705 (1948). 

5 Youna, G. H., “The Organization of Research Laboratories 
by Individual Projects.” Proceedings of the First Annual Sym- 
posium on the Administration of Research, State College, Penn- 
sylvania, 1947. 


GEORGE H. YOUNG and KATHRYN A. 


JOSEPH 
Mellon Institute, Pittsburgh, Pennsylvania 


work within which the Institute’s fellowship system is 
organized. 

Mellon Institute is a privately endowed nonprofit in- 
stitution, incorporated under the laws of the Common- 
wealth of Pennsylvania for long-range research in the 
pure and applied natural sciences. No less important 
is its task of training research workers for industry gen- 
erally, and of providing an expanding reservoir of tech- 
nical information adaptable to public advantage. 

The Institute was founded in 1913 through the gen- 
erosity of Andrew W. and Richard B. Mellon. Organi- 
zation was made on the basis of a now familiar plan for 
the operation of industrial fellowships in conjunction 
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with higher educational institutions. This plan was 
conceived by Dr. Robert Kennedy Duncan, first direc- 
tor of the Institute, and was designed to afford manu- 
facturing enterprises a means for investigating specific 
problems of major importance, which by their solution 
would benefit the manufacturer and at the same time 
contribute to the welfare of the public at large. Dr. 
Duncan had initiated the system at the University of 
Kansas and was called to put it into practice at the 
University of Pittsburgh in 1910. From the time of the 
formal organization of the Institute in 1913, until 1927, 
it continued as an integral part of the University of 
Pittsburgh. It was separately incorporated in 1927 
and has since been administered by an executive staff 
which is responsible, through the director, to the Insti- 
tute’s own board of trustees. 

The Institute operates by means of contracts with 
fellowship donors for specified periods of time, which are 
required to be of at least one year’s duration. Only 
problems of fundamental importance or of unusual 
significance to science or industry are accepted for 
study. 

A manufacturer, seeking to investigate a major prob- 
lem or hoping for general benefit from a planned scien- 
tific research program, may execute a contract with the 
Institute provided that the proposed field of investiga- 
tion is one in which the application of the natural sci- 
ences—particularly the chemical sciences—offers hope 
of success, and provided the field is one not already un- 
der investigation in the Institute. Here, only one re- 
search project in any given field is operated at a time; 
hence there is no conflict between donor company inter- 
ests within the Institute, and cooperative association 
among our individual research specialists is encouraged 
at all times. 

Inasmuch as many, if not most, of our industrial 
Fellows eventually join the companies on whose re- 
searches they have been engaged in the Institute, we 
place considerable emphasis on the careful selection of 
adequately trained, well rounded, young men to staff 
our projects. Thus, of the 609 Fellows who left the In- 
stitute between 1913 and 1946, 40 per cent went with 
the donors of their fellowships and 6.7 per cent with 
other donors. The Institute thus serves effectively as 
an advanced proving ground for industrial specialists in 
the many technologies under study within its laborato- 
ries. In most cases, senior research personnel are ap- 
pointed only after exploratory interviews with the donor 
company’s officers as well as with the Institute’s execu- 
tive staff. In this way we insure compatibility of tem- 
perament and personality between donor and Fellow, in 
our opinion of equal importance to technical compe- 
tence, when dealing with this method of organizing re- 
search. It should be emphasized that the closest liaison 
is maintained between every donor and his fellowship. 
Not only is there frequent personal contact, but the In- 
stitute’s system of individual weekly and monthly proj- 
ect reports brings the Fellow and his worker in our lAb- 
oratories constantly before his donor. 

Close cooperation with the University of Pittsburgh is 
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still maintained. Many of the junior members of the 
Institute’s research staff regularly continue their educa- 
tional training by taking graduate courses in technical 
departments of the University. In this manner, some 
70 men and women with the rank of Fellow have re- 
ceived the doctor of philosophy degree, and about 45 
have been awarded the master of science degree, while 
in the employ of Mellon Institute. Many more labora- 
tory assistants on fellowship projects have received the 
primary bachelor of science degree while at the Insti- 
tute. 

Notwithstanding the extensive opportunities afforded 
younger men to advance their formal training, the ma- 
jority of fellowship problems at the Institute are of a 
postdoctoral character. 

The work of Mellon Institute has contributed in many 
ways to the technical progress of American industry. 
From its inception, the Institute has maintained three 
principal objectives: the conduct of productive research 
in both pure and applied sciences, the advanced train- 
ing of research workers in the fields of their specializa- 
tions, and the dissemination of technical information of 
constructive value to the professions concerned and to 
the general public. 

The Institute takes particular pride in the wide va- 
riety of fields of research interest which are under simul- 
taneous study. This broad diversification of investiga- 
tional programs is one of the outstanding advantages of 
the Institute as a center of applied research. Current 
fellowship projects embrace virtually every branch of 
chemistry, physics, and their engineering counterparts. 
However perplexing the problem of an individual fel- 
lowship, there is usually a specialist from among the 
Institute’s own research personnel who has had direct 

xperience in that field, and who can advise a logical 
method of approach to the particular question at hand. 
Since the Institute operates only one research project on 
a given subject at any one time there is little likelihood 
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of conflict between fellowships. Free exchange of ideas 
is encouraged within the bounds of such discretion as 
will protect the interests of the fellowship donors, to 
whom naturally accrue the results of their sponsored re- 
searches. Numerous commercially interesting discov- 
eries and patentable products and processes have re- 
sulted from the Institute’s work. To March, 1949, 24 
books, 224 bulletins, and 2,475 journal contributions 
have come from the organization. A total of 1,081 pat- 
ents have been issued to Institute Fellows since 1911. 


ORGANIZATION AND ADMINISTRATION 


Administrative supervision of our fellowships is car- 
ried on under the guidance and direction of the mem- 
bers of the executive staff. Each of these men is a spe- 
cialist in some aspect of the over-all investigational pro- 
gram, and each of them is responsible for the progress of 
a number of groups of independent fellowships working 
in related scientific fields. The members of the execu- 
tive staff advise the fellowship heads and coordinate the 
activities of the fellowships, mindful of the interests of 
both the Institute and the fellowship donors. 

Freedom from arbitrary and restrictive regulations 
and an atmosphere of mutual cooperation and achieve- 
ment have encouraged orderly thought, good will, and 
teamwork on the part of all members of the Institute. 
A minimum of emphasis on formal organization and 
lines of authority has resulted in the creation of a large 
body of scientists of a more or less coequal and inde- 
pendent status with individual responsibility for the suc- 
cess of their own programs but with a willingness to 
help others for the success of the whole. This individual 
' responsibility, with the attendant professional dignity 
it engenders, coupled with a generally prevailing spirit 
of healthy cooperation, has developed to a point at 
which the Institute can be considered as a guild of 
scientists who are working together for the good of 
science, industry, and mankind. The entire Institute 
body is influenced in its professional and social struc- 
ture by the Robert Kennedy Duncan Club, an active 
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organization of the members which keeps alive the 
name and ideals of the first director. 

Inestimable value is derived at Mellon Institute 
from the departments of research in pure chemistry, 
chemical physics, and physical chemistry, which the 
Institute itself supports. These departments are 
engaged in fundamental investigations in their fields 
of science and their work has resulted in many original 
contributions to scientific literature. Members of 
these departments may also give advice and help to 
the industrial Fellows. Particularly in the field of 
chemical physics, where knowledge of much specialized 
and highly complex equipment is now required, this 
intra-organizational assistance has proved invaluable 
to our industrial fellowships. 

Brief mention should also be accorded to another 
Institute activity. The Industrial Hygiene Founda- 
tion, which maintains its headquarters as the staff 
of a multiple fellowship at Mellon Institute, has carried 
out some seventy studies in industrial plants all over 
the United States during the past year. The program 
of the Foundation involves basic studies requiring the 
development of new procedures beyond the mere 
discovery and correction of industrial health hazards. 
The Foundation was established in 1936 by Mellon 
Institute and twenty-three companies and associa- 
tions; there are now 350 members embracing repre- 
sentatives from a wide variety of American industrial 
organizations. 


THE FELLOWSHIP-PROJECT ORGANIZATION 


In an organization scheme such as ours the setting 
down of a clear, concise, and carefully defined state- 
ment of scope and objectives constitutes the first step 
in activating a fellowship. This is a staff function, and 
one which is of basic importance. 
out the terrain to be explored in one or more preliminary 
conferences with the donor’s representatives, the In- 
stitute is in a position to determine first, whether there 
is likelihood of overlapping or duplication of already 
working projects, and secondly, what fundamental 
techniques and combinations of basic sciences are most 
probably going to have to be employed. That is, we 
are now in a position to draw up a “man specification” 
for the potential incumbent. Thus, we may decide 
that a Ph.D. in physical chemistry with a strong 
organic minor and applicable experience in the field 
of colloids is indicated. Or we may in another case 
decide that a combination of chemical and mechanical 
engineering training (almost always at the doctorate 
level) is mandatory. 

The very nature of a research investigation is such 
that definite and concrete results in a finite time can 
never be predicted with safety. For this reason, if for 
no other, each project is a kind of gamble.’ Perhaps 





6 Hamor, W. A., “How well can management predict?” Ad- 
vanced Management, 12, No. 4, 159 (1947). 

7For a discussion of the fortuitous aspects of research set 
Hamor, W. A., “The rise of industrial research and its manage- 
ment,” J. Cuem. Epuc., 27, No. 1, 4 (1950). 
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a better analogy lies in the field of military science. 
Project organization is thus surprisingly similar to 


battle organization. The field commander is the proj- 
ect leader; he is selected carefully by the high com- 
mand—the management or executive staff. The broad 
objectives are made clear to him. Such staff assistance 
and materiel as are likely to be needed during the 
campaign are budgeted for. Strategy, tactics, and 
logistics have much the same importance as in military 
combat. But ultimately, the tide of battle moves 
with the man or men “on the firing line.” 

Fully aware of this, the Institute’s administrative 
staff is prepared at all times to provide for additional 
help in the way of junior grade assistants, of adequate 
and diversified apparatus and equipment, and of staff 
support in the way of service departments offering 
glass blowing facilities, chemical stocks, technical 
library services, photographing and drafting facilities, 
machine shops, routine analytical service, and the like. 
A major function of the executive staff is thus that 
having to do with supplies—of manpower, of services, 
of equipment, of chemicals. 

Few research projects are of so narrow or limited a 
scope as to require the attention of only one investigator 
beyond the initial sorties. However, we of the In- 
stitute believe firmly in building project teams slowly 
and only as the need for additional personnel can be 
plainly seen. The constitution of these growing combat 
teams or “‘task forces” is one which will vary, depending 
upon the nature of the individual project. We lay 
down as a basic rule, however, that duplication of 
training as such is generally to be avoided. Thus, if 
the senior incumbent is an organic chemist, the next 
man added to the project may advantageously be a 
physical chemist, for example. In other words, we 
plan on a diversification of available skills, talents, and 
techniques, as well indicated, as the group is recruited. 

We are firm believers in the adage that “too many 
cooks spoil the broth.” Almost without exception, 
each fellowship has only one supervising head and the 
members of his team have been carefully selected to 
complement and round out his particular training and 
experience. He is consulted at every stage of a re- 
cruiting program, and we make it an inviolate prin- 
ciple that the final choice of an assistant or junior 
fellow from a panel of qualified candidates shall rest 
with the man who is in charge of the fellowship. 

A basic principle in organizing research by projects 
calls for individual choice of team members, with the 
closest possible attention to compatibility factors con- 
sistent with diversification of trainings and skills. 
The practice of hiring “sight unseen” on the sole basis 
of checked-off job specification sheets and the like 
finds no place in organizing research teams at Mellon 
Institute. 


SOME ADVANTAGES AND DISADVANTAGES OF 
ORGANIZATION ON PROJECT LINES ‘ 


Thus far we have been considering the actual me- 
chanics of our fellowship organization. We should like 
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now to point out some of the more obvious advantages 
and disadvantages of this mode of research adminis- 
tration, as typified by Mellon Institute. 

Advantages. First of all, the project method almost 
automatically develops a feeling of individual and 
group responsibility for the successful completion of the 
assigned task. Complete and absolute concentration 
of research effort on a single problem or group of closely 
related problems in a given field is not only possible 
but virtually guaranteed under this type of organiza- 
tional scheme. 

The fellowship head, once selected, has every oppor- 
tunity for rapid and complete specialization in his field. 
He very quickly identifies himself with the men, 
materials, and products he is working with. As his 
team grows, the new additions are easily indoctrinated 
with the same drive and spirit of moving toward a 
finite and attainable goal. There is nothing impersonal 
about team-conducted research; group moral is high 
and this always connotes a high level of productivity. 
Each man knows he has been hand picked for his job. 
This in itself is a spur to sustained best efforts. 

At the Institute one finds a very highly developed 
sense of individual competence which extends well below 
the group leader level. We see both the collaborative 
and competitive instincts operating at their best. 
New ideas are freely offered, and there is almost no 
way in which the testing of them can bog down in 
administrative red tape. 

Concrete accomplishments are likely to be forth- 
coming earlier under the Institute’s system. Progress 
in any one major investigation is independent of prog- 
ress on other problems. There are few if any holdups 
due to the necessity to key into an over-all work sched- 
ule involving diverse groups, pooled facilities, etc. 
The key work in a project-organized laboratory is in- 
dependence of the other fellow. And this independence 
is at the “firing line”; progress on a given research is 
scaled to the problem, and not managemental or super- 
visory preferences or considerations which can and usu- 
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ally do prejudice one problem versus another in strictly 
departmental organizations. 

Further, by maintaining the integrity of the in- 
dividual projects and fellowships one insures freedom 
from inter- and intra-departmental bickerings, jeal- 
ousies, and jockeying for “credit” in the eyes of top 
management. Thus, “ingrade” promotions and pro- 
fessional advancement generally are relatively in- 
dependent of organization-wide considerations. We 
like to say at the Institute that a man can get ahead 
just as fast as he is good. Certainly, what is happening 
on Fellowship A has no bearing on promotions and the 
like on Fellowship B. 

Finally, this organization along project lines makes 
for an inherent flexibility in administration. Each 
fellowship is staffed without prejudice to the others. 
A minimum of duplication of men and skills is practi- 
cable. These pocket task forces are basic teams, and 
they operate without excess personnel or equipment. 
Promotions, intra-project shifts, and reorientation are 
feasible without disturbing other groups. Factors such 
as seniority which plague the laboratory head in the 
usual departmental set-up, offer few difficulties at 
Mellon Institute. 

Disadvantages. A valid criticism, generally appli- 
cable to project-organized laboratories, is that they tend 
to become inbred and ingrown if not constantly 
guarded. There is a risk of such over-concentration in 
one’s immediate technology inherent within the scheme 
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of organization by fellowships. This arises from the 
circumstance that there is not, nor can there be, com- 
pulsory counseling with other workers on other proj- 
ects, skilled in other techniques, although we at the 
Institute make every effort to see that opportunity 
to learn about what is going on around us is always 
there. 

The encouragement of broadening contacts, even 
though they be highly informal and of no directly ap- 
parent application, is thus a constant responsibility 
of the executive staff of the Institute. In this way, 
we in measure hope to overcome the tendency to both 
physical and mental isolation which is so easy to acquire 
under any project-organized system. We cannot leave 
this point without mention again of the professional 
and social organization of the Institute’s personnel, our 
Robert Kennedy Duncan Club. This is a self-ad- 
ministered group in which all Institute employees are 
eligible for membership. Through the cooperation 
of their advisory council and committees, the task of 
administration at the Institute has been immeasurably 
lightened. Important matters such as safety rules, 
first aid teams, and recreational programs have al- 
ways been well taken care of by RKD Club committee 
groups. The Club is a major factor in preventing 
individual isolationistic trends from becoming a serious 
problem. 

And finally, the executive staff must be constantly 
on the watch for accidental or deliberate inequities 
between fellowships in the elemental matters of salaries, 
bonuses, rates of salary increase, frequency of excused 
absences, working conditions, job content, and all the 
other details which fill the executive’s days. Where 
there is no coordination between projects, no similarity 
in the ends sought, no duplication of jobs nor even of 
the basic skills required, the task of insuring a fair and 
reasonable uniformity of salary, hours worked, condi- 
tions under which the job is done, is sometimes a difficult 
one indeed. 


WORKING CONDITIONS 


Thus far we have outlined the Institute’s history, and 
described its almost unique organizational and adminis- 
trative setup in some detail. In particular, we have 
emphasized those elements in its organic structure 
which give it its stability and merited prestige, and 
which can and do materially contribute to the pro- 
fessional growth and advancement of its members. 
Logically, attention should also be directed at the In- 
stitute’s physical ‘“plant’’—its laboratories, special 
equipment, and service departments. 

Inasmuch as the Institute’s present building (dedi- 
cated in 1937) has been described in detail elsewhere*® 
we need not dwell at length on our laboratory con- 
struction and layout. The Institute’s facilities are, of 
course, devoted primarily to basic research in the fields 
of chemistry, applied physics, chemical engineering, 
and directly related technologies. Its fellowship sys- 


8 Coteman, H. &., “The research laboratories of Mellon Insti- 
tute,” Ind. Eng. Chem. (Anal. Ed.), 10, 550 (1938). 
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tem, by which scientific in- 
vestigations are conducted 
for a large number of com- 
panies (78 as of the issuance 
of our 1948-49 Annual Re- 
port®) concerned with widely 
varying types of problems, 
makes necessary the pro- 
vision of many small labora- 
tories for the use of one or 
several Fellows, whereas in a 
company research organiza- 
tion large laboratory rooms 
might be utilized advan- 
tageously. 

The Institute building ac- 
tually contains eight floors, 
of which the fourth—that at 
street level—is given over 
to the administrative, ac- 
counting and general offices, 
and the library. Typical 
laboratories occupy all of 
the four upper floors; the 
three lower floors house the auditorium, special labora- 
tories and unit plants, shops, mechanical equipment, 
storerooms, and recreational facilities for our members. 

The Institute’s typical research laboratories are, in 
general, of two sizes. Each standard two-window 
laboratory occupies one bay of the building and includes 
two laboratory benches, a built-in desk, clothes locker, 
and fume hood along the side walls. Each standard 
large laboratory with its adjoining office (three windows 
in the laboratory and one in the office) occupies two 
bays. The laboratory is equipped with a hood, a wall 
bench along each partition wall, and a center bench 
connected to the window wall, with a large sink on the 
free end. Clothes lockers are located in the small 
entry way from which access to both office and labora- 
tory is had. 

The laboratory furniture is specially constructed in 
standard-sized interchangeable units easily fitted into a 
supporting structure of steel frames. Laboratory 
shelves are mounted on adjustable brackets which fit 
into specially designed wall slots. Wall surfaces are 
of glazed terra cotta, readily cleaned, and unattacked 
by ordinary laboratory fumes. The ceilings are plas- 
tered and painted with a chemically resistant paint; 
the floors are of ceramic tile. 


SERVICE DEPARTMENTS 


Adequate supplies of chemicals, laboratory apparatus, 
pipe, sheet metal, fittings and sundries for laboratory, 
office, and maintenance are available from the In- 
stitute’s two stockrooms. Special equipment and 
apparatus is in charge of a Curator whose department 
maintains a servicing, calibrating, and repair divisian. 





® “Scientific research at Mellon Institute, 1948-49,” Chem. 
Eng. News, 27, 1591 (1949). 





One of the Institute's Conference and Social Lounges 


The main shop facilities comprise a completely 
equipped machine shop, sheet metal shop, wood working 
shop, pipe shop, electrical shop, and paint shop, all 
staffed by skilled mechanicians. Special apparatus 
not available by purchase and diverse mechanical 
devices for the various researches is constructed in 
these shops. 

In the Institute’s analytical department data are 
secured for research workers, relieving them of tasks 
for which their own laboratories may not be efficiently 
equipped and allowing them to devote their time to 
other important phases of their investigations. 

There are also a glass-blowing department, a photo- 
graphic and drafting department, a printing and rep- 
licating department, a laboratory glassware wash- 
room, and a laundry. 

The staffs of many of our larger research projects 
include secretarial assistants, but most of the steno- 
graphic and typing work for the fellowships is done in 
the general office. Here also are presetved the official 
correspondence-and report files for each fellowship. 

The Institute’s ample library and the services of its 
staff are available at all times to members of the or- 
ganization, and access is readily had to the reference 
books and journals pertinent to their work. The 
library has been built up soundly around general 
reference as well as specific fellowship needs. It is 
being expanded constantly to keep abreast of research 
progress throughout the world, and according to the 
requirements of the Institute’s membership. 


PROMOTIONS, SALARIES, INSURANCE, ETC. 


Although the Institute’s many fellowships are held 
or headed by research scientists trained at the Ph.D. 
level at least, and their projects are postdoctoral in 
character and scope, it must not be assumed that 
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there is here no opportunity for younger chemists and 
engineers. On the contrary, most of the Institute’s 
Fellows have at least one research assistant. Our 
ratio of Ph.D. men to those holding lesser degrees is 
about one in four, and many of our junior researchists 
are aggressively pursuing graduate studies at our neigh- 
boring Carnegie Institute of Technology and the Uni- 
versity of Pittsburgh, as mentioned previously in this 
article. 

With the latter institution the institute has a for- 
malized cooperative arrangement whereby certain of our 
younger people are given tuition-free status in the Grad- 
uate School up to six credits per regular semester. 
This is a privilege, not an inherent right, of Institute 
membership. It is extended only to those persons 
holding at least the baccalaureate degree in one of the 
sciences, whose undergraduate schooling and record 
otherwise qualify them for graduate-level study, and 
who, in the opinion of the Institute’s Committee on 
Graduate Studies and his staff adviser, is capable of 
carrying this additional work load superimposed on 
what is in fact full-time employment. 

The Institute formally operates on a 40-hour, 5- 
day week, although actually its laboratories are open 
to its members at all times—it being well recognized 
that research cannot be measured nor regulated in 
terms of man-hours “on the job.” A liberal holiday 
and vacation policy has long been in effect, our mem- 
bers being granted two weeks’ vacation after their first 
year in the Institute, and three weeks after two years’ 
membership. There is no mandatory vacation time, 
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except that members are expected to arrange for 
these and other absences by agreement with their 
staff advisers or supervisors. 

Concerning salary considerations, the Institute’s 
starting rates are quite representative of those in the 


‘average industrial research laboratory. Promotions 


and salary increases are realistically based on merit and 
proved ability to handle increased responsibilities. 
In ‘making such readjustments the donor of the fellow- 
ship is almost invariably consulted and his concurrence 
obtained. 

Because the Institute is a chartered nonprofit in- 
stitution, its members are presently excluded from 
participation in the Federal Social Security program. 
The Institute has given careful study to group pension 
plans and has found that there are no retirement policies 
which fit its unusual requirements. A primary ob- 
jective of the Institute is the training of research 
workers for responsible positions in industry and educa- 
tion. Consequently, our personnel is relatively young 
and the average tenure at the Institute is of shorter 
duration than generally obtained in industrial or 
educational organizations. Many fellowship donors, 
however, extend participation in their own retirement 
insurance programs to qualified persons who are mem- 
bers of those fellowships. It is the Institute’s practice 
to take adequate care of veteran employees on its 
executive, research, and servicing staffs on their retire- 
ment, treating each individual case on merit. This 
procedure permits greater benefits than would be 
possible under any group insurance plan. 

The Institute’s personnel is, of course, covered by 
Pennsylvania Workmen’s Compensation Insurance 
for accidental injuries while at work. Participating 
group life, hospitalization, and surgical insurance are 
also a long-time feature of the Institute’s responsibility 
to its members. The hospitalization and surgical 
features are extended to cover the member’s immediate 
family as well. In addition, the familiar Blue Cross 
hospitalization plan is available to individual members, 
upon application. 

In conclusion, we wish to emphasize this thought: 
Mellon Institute is a place of opportunity, for satis- 
fying professional stimulus and growth, for advanced 
and highly specialized training in the current tech- 
nologies of diverse specific industries. It is justly 
proud of its reputation as a scientific research center, 
but even more proud of the men and women who have 
been in the past, and now are, Institute members. 
Its slogan, “‘once a Fellow always a Fellow,”’ is not an 
empty phrase. 
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* THE DETECTION OF NITROGEN IN ORGANIC 


COMPOUNDS' 


Tus paper embodies the results of a study on the 
fusion of organic compounds and on the detection of 
nitrogen as cyanide. It is part of a project designed to 
improve the procedures used in student courses in 
qualitative organic analysis. 

Two methods have been more widely used than others 
for the decomposition of organic compounds into inor- 
ganic ions. The Lassaigne sodium fusion is the best 
known and in general it is satisfactory, although it is re- 
ported to give poor results with azo and diazo com- 
pounds (1), with nitro compounds (2), and with pyr- 
roles. There is a great deal of variation in the proce- 
dures given in qualitative organic analysis textbooks for 
the sodium fusion. 

The other method involves fusion with magnesium- 
potassium carbonate mixture, and has been investi- 
gated in detail by Baker and Barkenbus (3), who ob- 
tained very satisfactory results with it. Because nitro- 
gen may be taken up from the air (4) Baker and Barken- 
bus carried out their fusions in an atmosphere of ether. 
Tucker (4a), whose conclusions are similar to the ones 
described here, gives an excellent discussion of the 
methods of fusion. 

Cyanide ion is usually detected by Prussian blue 
formation. In this test an alkaline solution of cyanide 
ion is treated with ferric and ferrous ions and the mix- 
ture is then acidified, whereupon a blue precipitate or a 
blue coloration is formed. Many modifications have 
been proposed. Several workers (5-9) have found that 
it is not necessary to add ferric ion, as aerial oxidation of 
the ferrous ion provides enough ferric ion for the test, 
and an excess of ferric ion seems to be detrimental. 
Other workers recommend the use of as small volumes 
as possible to avoid dilution of cyanide ion (10), and 
the addition of potassium fluoride has been thought to 
increase the sensitivity of the test by forming a com- 
plex which removes most of the ferric ions (11). The 
acidification step has been carried out in the hot (12) 
and in the cold (6), using sulfuric acid (11), hydro- 
chloric acid, or nitric acid. In spite of all the work that 
has been done on the Prussian blue test, a comparison of 
the procedures given in standard textbooks (2, 13-15, 9) 





1 Presented before the Analytical Division of the American 
Chemical Society at the 113th meeting at Chicago, Illingis, April, 
1948. 

2 Present address: St. Mary’s High School, Warren, Ohio. 

3 Present address: Indiana University, South Bend, Indiana. 
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indicates that there is no general agreement as to the 
optimum conditions to use. 

In recent years considerable work has been done on 
the detection of cyanide ion with organic reagents that 
are oxidized to colored compounds in the presence of 
cyanide and cupric ions. Among the reagents that have 
been proposed for this purpose are phenolphthalin (16, 
17), benzidine (18), guaiac (19), and fluorescin (20). In 
general these reagents have been used to detect cyanide 
in water supplies, and for this purpose are much more 
sensitive than the Prussian blue test. They have not 
been used extensively to detect cyanide in fusions of 
organic compounds, however. In the latest edition of 
Shriner and Fuson’s text (2) the benzidine test is given. 

In the present wotk we compared the various proce- 
dures given in representative texts for carrying out the 
sodium fusion, and we also investigated the Castellana 
magnesium-potassium carbonate fusion. We then 
studied each step in the formation of Prussian blue, to 
evaluate the suggestions of various authors as to suit- 
able modifications. Finally we tried out several of the 
organic reagents recommended for cyanide ion detec- 
tion. As a result of this work, it was concluded that for 
student use the best method is sedium fusion,‘ followed 
by the Prussian blue test, or alternatively, by the benzi- 
dine test, and a procedure was developed which has 
been highly successful for the past several years in the 
course in qualitative organic analysis. No difficulty 
has ever been experienced with nitro or azo compounds, 
nor has the thiocyanate complication ever been en- 
countered. In the course of the present work several 
thousand fusions were carried out; only representative 
results are recorded here. 


FUSION METHODS 


Sodium Fusion. The procedures given by Mulliken 
(13), Kamm (14), and Shriner and Fuson (16) were com- 
pared. The procedure of Mulliken was found to be the 
most satisfactory, and modifications of it were then 
tried. As a result of numerous tests it was found that 
best results were obtained when the amount of sodium 
was reduced from 0.25 g. to 0.1 g. or less (a cube about 
4 mm. on an edge) and when the organic compound (5 





4 As a result of his work on micro qualitative analysis, H. K. 
Alber prefers sodium fusion for decomposing an organic com- 
pound. See Microchemie ver. Mikrochim. Acta, 29, 294-328; 
C. A., 37, 3365. 
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mg.) was added all at once to the molten sodium, rather 
than in portions. Use of a larger amount of organic 
compound was apt to lead to incomplete fusion, and a 
larger quantity of sodium made the resulting stock 
solution too alkaline. 

Castellana Fusions. These were carried out as de- 
scribed by Baker and Barkenbus (3), using an atmos- 
phere of ether. In our hands this fusion method was 
not as satisfactory as sodium fusion. The cyanide tests 
were much weaker and with compounds difficult to 
fuse, such as sulfanilic acid, poor results were obtained 
frequently. When the color tests with organic re- 
agents were used, false positive tests from nonnitroge- 
nous compounds were much more common with the 
Castellana fusion than with sodium fusion, and no 
improvement was noted when care was taken to exclude 
all air during the fusion. The technique of the Castel- 
lana fusion was much more difficult for students to 
master, and in carrying out the Prussian blue test on 
sulfur-containing compounds it was always necessary to 
remove the sulfide ion; this was not the case with 
sodium fusions. Also, the reagent tends to cake on 
storage. 


PRUSSIAN BLUE FORMATION 


The following points were investigated: (a) the 
optimum pH of the original stock solution, (b) the opti- 
mum dilution of the original stock solution, (c) the 
effect of adding ferric chloride, (d) the effect of adding 
potassium fluoride, (e) the best acid to use in the 
acidification step, and whether acidification should be 
done in the hot or the cold. 

Alkalinity of the Stock Solution. It was found that 
best results were obtained when the pH of the sodium 
fusion stock solution was 13. Since the pH of the solu- 
tions varied from about 9 to higher than 14, due to 
variations in the amount of sodium used, the pH was 
adjusted to 13 (as shown on Hydrion E paper) before 
addition of ferrous ammonium sulfate. Kolthoff (27) 
and Neubauer (5) found excess alkali detrimental to the 
sensitivity but did not determine the optimum pH. 

The Optimum Dilution of the Stock Solution. The 
stock solution was routinely made up to 20 ml., and 1- 
ml. portions of this were used. When this was diluted 
with an equal volume of water the Prussian blue test 
was frequently negative. On the other hand, when 
more than 1 ml. of stock solution was used the specified 
quantities of reagents were too small and the test was 
frequently negative. For these reasons, we used 
graduated droppers to measure the amounts taken, and 
used all the reagents in rather concentrated form to 
avoid excessive dilution of the cyanide solution. 

Effect of Adding Ferric Chloride. Addition of ferric 
chloride was found to be definitely detrimental to a 
good Prussian blue test; this is in agreement with the 
results found by Neubauer (5), Mulliken and Gabriel 
(6), Vorlander (7), and Davidson (8); and in disagree- 
ment with the procedures given by Cheronis (29), 
Shriner and Fuson (15), and Kolthoff (21). Even when 
freshly prepared ferrous ammonium sulfate solution is 
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used, as in the present work, enough ferric ions are 
present to give Prussian blue, and an excess of ferric 
ions makes the test less sensitive. 

Effect of Adding Potassium Fluoride. Viehoever and 
Johns (11) first reported that potassium fluoride in- 
creases the sensitivity of the Prussian blue test. This is 
probably due to the fact that the fluoride ion forms a 
very stable complex with ferric ion. When most of the 
ferric ions are thus removed the so-called soluble Prus- 
sian blue is formed rather than ferric ferrocyanide (23): 


Fet*+* + Fett + K+ + 6CN- — Kt Fe+++[Fe(CN)s] 


Removal of most of the ferric ions also minimizes oxida- 
tion of ferrocyanide ion to ferricyanide ion (8): 


Fe+++ + [Fe(CN).* = Fe++ + [Fe(CN)6]" 


We confirm the fact that the addition of potassium 
fluoride improves the Prussian blue test. False nega- 
tive tests were eliminated and solutions which were 
very weak in cyanide ion still gave a good blue color. 
The optimum amount of potassium fluoride for a 1-ml. 
sample of stock solution is 2 drops of a 30 per cent solu- 
tion. Less than this is not as effective, and more is 
detrimental, presumably because too many ferric ions 
are removed. 

Acidification. The mode of acidification was found 
to be extremely important in securing good results. 
The best results’ were obtained when the test mixture 
was acidified hot, with sulfuric acid. Use of cold solu- 
tions gave much poorer results, and the mixture had to 
stand for some time before the Prussian blue color de- 
veloped. Sulfuric acid was much more satisfactory 
than either hydrochloric or nitric acids; the latter re- 
agent frequently gave greenish rather than blue solu- 
tions. The concentration of the sulfuric acid was impor- 
tant. The use of 1 N acid, as recommended by some 
(24), gave many false negative tests, 6 N acid was still 
not very satisfactory, and the best results were obtained 
with 30 per cent acid. The acid must be added drop- 
wise, so that an excess is avoided; careless addition of 
acid leads to weak tests. This point is not sufficiently 
emphasized in most texts. 


ORGANIC REAGENTS FOR CYANIDE ION 


Four of these reagents for the detection of cyanide ion 
were investigated, using the stock solutions from sodium 
fusions and from Castellana fusions. 

The phenolphthalin reagent of Childs and Ball (16) 
when correctly prepared and stored, gave good results, 
and no false positive tests were encountered. It is 
more sensitive than Prussian blue, but as it must be 
stored and handled at temperatures below 15°C., and as 
sulfide ion must be removed before this reagent is used, 
it is not recommended for student use. Theroux’s 
modified phenolphthalin reagent (17) was totally 
unsatisfactory, as false positive tests were repeatedly 
obtained on such compounds as cyclohexanol, decane, 
ethyl bromide, etc.. Guaiac-copper sulfate reagent (19) 
similarly gave false positive tests. 

Stamm (20) has recommended a fluorescin reagent as 
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very sensitive for the detection of cyanide. In our 
hands it gave many false positive tests with nonnitroge- 
nous compounds especially when used in conjunction 
with the Castellana fusion. It was the most sensitive 
reagent tried, and like the other organic reagents, re- 
quired removal of sulfide ion. 

Benzidine-copper Acetate Test. This test showed it- 
self to be more sensitive than the Prussian blue test, 
and free from some of the drawbacks of the other 
organic reagents tried; it has promise as a qualitative 
organic analysis reagent. Two solutions (18) are re- 
quired for this test. Solution I was prepared by dis- 
solving 286 mg. of copper acetate in 100 ml. of water; 
solution II was made by dissolving 150 mg. of benzidine 
in 100 ml. of hot water and adding 3-4 drops of glacial 
acetic acid. The two solutions were kept. separate 
until used; the final reagent was prepared by mixing 
equal volumes of the two solutions. When the stock 
solution was added dropwise to the reagent a blue color 
developed when cyanide ion was present. Addition of 
the reagent to the stock solution was less satisfactory 
(19) and substitution of sulfuric acid for acetic acid 
made the test less sensitive. The test in general gave 
excellent results, especially with sodium fusion filtrates; 
the results with Castellana fusion filtrates were less 
positive. No false positive tests were obtained with 
this reagent, in contrast to the other organic reagents 
tried. It has one disadvantage over the Prussian blue 
test; it is necessary to remove sulfide ion. This is best 
done with lead acetate, but an excess of lead acetate 
should be avoided. Results with the benzidine test are 
summarized in Table 1. 





TABLE 1 
Comparison of Benzidine and Prussian Blue Tests on Fil- 











trates from Sodium Fusions and Castellana Fusions 
—Sodium Fusion— —Castellana Fusion— 
Compound Prussian Benzidine Prussian  Benzidine 
Diphenylamine - ++ Neg. Doubtful 
Naphthylamine + = Neg. Doubtful 
Dimethylaniline ++ +++... + + 
m-Chloroaniline ++ +++ ++ ++ 
3,5-Dinitroben- 
zoic acid ++ ++ Doubtful + 
Azobenzene ++ ++ ++ ++ 
Acetoxime ++ ++ ++ ++ 
Phthalimide + ++ + 5 
Diphenylthiourea ++ ++ Neg. t 
Sulfanilic acid ++ ++ Doubtful + 
in Neg. Neg. Neg. Neg. 
Cyclohexanol Neg. Neg. Neg. Neg 
FINAL PROCEDURE 


Fusion Technique. The preferred method of fusion 
is as follows: A clean dry pyrex ignition tube (16 X 125 
mm.) is clamped in a vertical position so that the bottom 
of the tube reaches the hottest point of a microburner 
flame. A cube of sodium about 4 mm. on an edge (0.1 
g. or less) is placed in the tube and the flame lighted. 
When the sodium vapor reaches about 1 cm. up the 
tube 5 mg. of a solid (1-2 drops of a liquid) is added 
directly to the molten sodium and heating is continued 
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for thirty seconds longer. 
added to the cold tube to decompose excess sodium, 
followed by 5 ml. of water, and the mixture is heated to 


Alcohol (1 ml., 95%) is 


boiling and filtered hot. The filtrate is diluted to 20 
ml. with distilled water to give the stock solution which 
is used for all subsequent tests. 

Technique of Prussian Blue Test. One milliliter of 
stock solution is placed in a small pyrex test tube, and 
the pH is adjusted to 13, as shown on Hydrion E paper. 
Two drops of freshly prepared saturated ferrous am- 
monium sulfate solution are added, and two drops of 30 
per cent potassium fluoride solution. The mixture is 
heated to boiling, and acidified while hot with 30 per 
cent sulfuric acid, added dropwise, to give the blue 
solution characteristic of Prussian blue. With the test 
as developed it is not necessary to remove sulfide ion. 

Benzidine-Copper Acetate Test. To 0.5 ml. of the 
benzidine-copper acetate reagent is added 1 drop of 20 
per cent acetic acid and the stock solution to be tested is 
added dropwise; if cyanide ion is present the blue color 
develops when 1 to 15 drops of stock solution have been 
added. If sulfur is present it must be removed before 
running the test. This is best done by adding 1 drop of 
saturated lead acetate solution to 1 ml. of stock solu- 
tion, filtering off the lead sulfide. 
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CHEMISTRY’ 


Ir seems only fitting to me that I begin by quoting 
the man whose bicentenary of birth was celebrated only 
a few months ago. In his book, “Mineralogy and 
Geology,”’ Johann Wolfgang von Goethe (1749-1832) 
wrote: “The History of Science Is Science Itself.” 
Another great man, whose centenary of birth also 
occurred this year, was the Canadian physician, Sir 
William Osler (1849-1919). In an address delivered 
before the Royal Society of Medicine, Historical Sec- 
tion, on May 15, 1918, he made the following statement: 
“In science the credit goes to the man who convinces 
the world, not to the man to whom the idea first occurs.” 
It is to the memory of these two great men that I intend 
to dedicate the following, as proof of how correct their 
statements still are today. 

A survey of the latest textbooks on colloid chemistry 
reveals only too clearly how little interest most authors 
have taken in the history of that branch of science deal- 
ing with matter which Thomas Graham termed 
“colloids” (4, 6). It is therefore understandable why 
most generally all the credit for the discovery of the 
colloidal state of matter goes to him. I certainly have 
no intention of belittling his outstanding contributions 
to science. He undoubtedly deserves full credit for 
having been the first to convince the world that matter 
can exist in a state intermediate between a true solution 
and a coarse solid condition. We also owe to him most 
of the terminology still used today in colloid chemistry. 
If one surveys the literature prior to Graham’s contribu- 
tions objectively, however, it must be admitted that 
many substances and phenomena now specifically 
classified as colloidal were known to chemists much 
earlier. 

So far, only one book (6) has been devoted to the 
history of colloids. Of the nine papers reprinted therein, 
however, only four antedate Graham’s first publication. 
If these four papers actually constitute all that antedate 
his work, then Graham certainly should be entitled to 
all the credit he has been receiving. This is not the case, 
however, as a critical review of pre-Graham literature 
reveals. A better knowledge of the history of science 
is needed to develop better scientists. As the philoso- 
pher C. E. M. Joad quite recently pointed out, our 
education seeks primarily to enable a man to acquire a 
living, rather than to acquire a life worth living. He 
suggested that every student in science should take a 





1 Presented before the Division of History of Chemistry at the 
116th meeting of the American Chemical Society at Atlantic City, 
New Jersey, September, 1949. 
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course in the history and problems of philosophy, sup- 
plemented by the history of scientific ideas. How true 
this is in the field of colloid chemistry should be evident 
from the following historical excursion. 

The oldest printed reference to what we term today a 
gold sol, which I have found so far, dates back to the 
year 1618 (1). This book gives no information in regard 
to how “drinkable gold” was produced in those days, 
but discusses in great detail its application as a cura- 
tive for many illnesses. Although the author does not 
offer any specific opinion for its effectiveness, he does 
postulate that the gold most probably coats the disease- 
causing germs and thereby prevents them from being 
harmful. Probably the first book printed in German 
dealing with what we now know as colloids was pub- 
lished in 1676 (8). It discusses the production of 
“drinkable gold and silver’ as practiced by some 
chemists at that time. The author disagrees quite em- 
phatically with the claims made by others about the 
healing powers of drinkable gold. Not having been 
able to make such preparations himself, he drew the 
conclusion that all statements pertaining to the produc- 
tion and use of aurum potabile are unfounded and only 
made to enrich a few scoundrels. In contrast thereto 
another German published a book in 1684 (9) in which 
thirty experiments are offered to teach the production 
of what later became known as gold-ruby glass. To 
prove that this author has antedated Graham and the 
colloid chemists who followed him not only in the 
preparation of gold-ruby glass but also in the prepara- 
tion of a gold sol, I would like to quote in translation one 
of his experiments. 


Dissolve finely beaten gold flakes in agua regis, this is aquafort 
in which salmiac (ammonium chloride) had been dissolved. One 
obtains upon desiccation a yellow residue which is water soluble. 
In acidic condition it is termed solution auri.... 

Take a large glass full of pure well water and add dropwise 
a few drops of the solution auri. Then place a piece of cleanly 
scraped English tin into the glass. If it is left therein for some 
time it will look quite black, but after a few hours it begins to 
color the water red and finally the water reaches maximum bril- 
liancy. The tin is then removed.... 

I take this gold sol precipitated by the tin and mix it thoroughly 
with six parts of Venetian glass talc, grind carefully, mix with my 
silica, and upon melting obtain the most beautiful ruby glass 
See 


Still another German book devoted to the medical 
application of “drinkable gold” (7) is of interest from a 
colloid chemical point of view for the following pas- 
sages: “The gold could be dissolved readily by first 
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mixing it with salt and melting them together. A 
yellow solution is obtained when dissolving it in water. 
By adding alcohol and heating a cherry-red color ap- 
pears. What amazed me was that the solution if held 
against the light showed opalescence like a rainbow. 
The gold is seemingly not completely dissolved but still 
present in comminuted form.” 

Next I would like to quote from a book written by a 
woman in 1794 (3). 


Thinking that phosphorus applied in the form of vapour through 
the medium of water might be more effectual than a solution of 
it in ether, I immersed a small bit of silk in an aqueous solution 
of gold, and suffered it to dry a little; it was then suspended in a 
phial over a little water, into which a small bit of phosphorus 
was previously introduced: the phial was then corked, and placed 
on hot sand: the phosphorus began to melt, and ascend in white 
vapours, which, as soon as they reached the lower end of the silk, 
gave it a brown tinge, succeeded by a purple; and the gold began 
to assume its metallic splendour: in a short time these appear- 
ances were evident over the whole silk. 

The following propositions are deducible from these experi- 
ments. 

1. Water does not promote the reduction of gold merely by 
dissolving, and minutely dividing, the particles of the salt, and 
thus diminishing their attraction of cohesion, and consequently 
increasing their chymical attraction, as I first supposed; for were 
this the case, ether and alcohol, which equally dissolve, and 
divide the salt, should produce the same effect. 

2. Ether and alcohol do not promote these reductions without 
the aid of water; for it is evident from the experiments related, 
that the few particles of reduced gold, which appear, when they 
are employed, depend entirely on the quantity of water, which 
they leave in the silk during their evaporation, and that attracted 
from the air by the solution of gold, and by the phosphorus 
during its combustion, both of which have'a strong attraction for 
water. 

3. Phosphorus does not reduce gold by giving the metallic 
earth phlogiston, as the Phlogistians suppose; for were this 
opinion true, a solution of gold in ether, or alcohol, should be 
reduced by the phosphorus as effectually as a solution of gold in 
water is. 

4, Phosphorus does not reduce gold, by combining with, and 
separating, the oxygen of the gold, as the Antiphlogistians assert; 
for were this the case, the particles of the phosphorus so attenu- 
ated by the ether, should reduce a solution of gold in ether, or 
alcohol, as well as solution of gold in water, since the impediment 
opposed by the attraction of cohesion is equally removed in both 
cases. 


And now in conclusion let me quote a few passages 
from Michael Faraday’s Bakerian lecture (2) which de- 
serves far more attention than they have so far re- 
ceived, at least from an historical point of view. I am 
referring specifically to the chapter on “Diffused 
particles of gold—production—proportionate size— 
colour—aggregation and other changes.” After ex- 
plaining the procedures he used in making the gold- 
containing fluids and how they appear when a concen- 
trated beam of light is passed through them, he adds 
the following: 


The particles in these fluids are remarkable for a set of physical 
alterations occasioned by bodies in small quantities, which do not 
act chemically on the gold, or change its intrinsic nature; for 
through all of them it seems to remain gold in a fine state of 
division. They occur most readily where the particles are finest, 
i. e., in the ruby fluids, and so readily that it is difficult to avoid 
them; they are often occasioned by the contact of vessels which 








are supposed to be perfectly clean. An idea of their nature may 
be obtained in the following manner. Place a layer of ruby fluid 
in a clean white plate, dip the tip of a glass rod in a solution of 
common salt and touch the ruby fluid; in a few moments the 
fluid will become blue or violet-blue, and sometimes almost colour- 
less; by mingling up the neighbouring parts of the fluid, it will 
be seen how large a portion of it can be affected by a small 
quantity of the salt. By leaving the whole quiet, it will be found 
that the changed gold tends to deposit far more readily than 
when in the ruby state. If the experiments be made with a body 
of fluid in a glass, twelve or twenty-four hours will suffice to 
separate gold which in the ruby state has remained suspended for 
six months. 

The fluid changed by common salt or otherwise, when most 
altered, is of a violet-blue, or deep blue. Any tint, however, 
between this and the ruby may be obtained, and, as it appears to 
me, in either of two ways; for the intermediate fluid may be a 
mixture of ruby and violet fluids, or, as is often the case, all the 
gold in the fluid may be in the state producing the intermediate 
colour; but as the fluid may in all cases be carried on to the final 
violet-blue state, I will, for brevity sake, describe that only in a 
particular manner. The violet or blue fluid, when examined by 
the sun’s rays and a lens, always gives evidence showing that the 
gold has not been redissolved, but is still in solid separate particles; 
and this is confirmed by the nonaction of protochloride of tin, 
which, in properly prepared fluids, gives no indication of dissolved 
gold. When a ruby solution is rendered blue by common salt, 
the separation of the gold as a precipitate is greatly hastened; 
thus when a glass jar containing about half a pint of the ruby 
fluid had a few drops of brine added and stirred into the lower 
part, the lower half of the fluid became blue whilst the upper 
remained ruby; in that state the cone of sun’s rays was beauti- 
fully developed in both parts. On standing for four hours the 
lower part became paler, a dark deposit of gold fell, and then the 
cone was feebly luminous there, though as bright as ever in the 
ruby above. In three days no cone was visible in the lower fluid; 
a fine cone appeared in the upper. . . . 

Such results would seem to show that this blue gold is aggre- 
gated gold, 7. e., gold in larger particles than before, since they 
precipitate through the fluid in a time which is as nothing to that 
required by the particles of the ruby fluid from which they are 
obtained... . 

Many other bodies besides salt have like action on the particles 
of gold. A ruby fluid is changed to or towards blue by solutions 
of chlorides of calcium, strontium, manganese; sulphates of 
magnesia, manganese, lime; nitrates of potassa, soda, baryta, 
magnesia, manganese; acetates of potassa, soda, and lime; these 
effect the change freely: the sulphate of soda, phosphates of soda 
and potassa, chlorate of potassa, and acetate of ammonia acted 
feebly.... 

Again, though these particles are so finely divided that they 
pass easily through ordinary filters, still a close filter catches 
some; and if a ruby fluid be passed through again and again, the 
paper at last becomes of a rosy hue, because of the gold which 
adheres to it; being then well washed, and, if needful, dried, the 
gold is again ready for experiment. 


All these citations, and particularly Faraday’s, offer 
ample evidence that it had been realized by carefully 
observing scientists long before Thomas Graham that 


‘ matter can also be present in a state intermediate be- 


tween ionic dimensions and those discernible in a micro- 
scope. What I consider even more important is the fact 
that it also had been realized prior to Graham that 
matter present in this range in at least one dimension 
exhibits properties which are not dependent upon its 
chemical composition. 
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* NATIONAL COOPERATIVE RESEARCH PROGRAM 


Tue National Cooperative Undergraduate Chemical 
Research Program was organized at the St. Louis Amer- 
ican Chemical Society Convention September 9, 1949, 
to stimulate undergraduate research and to supply data 
to fill existing gaps in the chemical literature. The ma- 
jor premise of the program is that usable chemical data 
can be obtained from check results made by two or more 
undergraduate students (in different schools) assigned 
to a specific determination, independent of and un- 
known to each other. 

The program is set up under a system of projects that 
involve research simple enough for undergraduates and 
that should yield results that are sufficiently objective 
to permit checking by undergraduates. There are now 
eleven such projects in the fields of inorganic, organic, 
physical, and analytical chemistry: 


1. The sensitivity of inorganic qualitative analysis 
reagent solutions: directed by W. P. Cortel- 
you of Roosevelt College. 

2. The solubilities of inorganic fluoride salts in or- 
ganic solvents: directed by J. H. Walkup of 
Centre College. 

3. The solubilities of inorganic chloride salts in or- 
ganic solvents: directed by K. E. Jackson of 
the University of Alabama: 

4. The solubilities of soluble, inorganic salts in wa- 
ter: directed by Sister Agnes Ann of Immacu- 
late Heart College. 

5. The characterization of amines as salts of oxalic 
acid: directed by H. Cohen of Roosevelt 
College. 

6. The preparation and properties of certain ali- 
phatic ethers: directed by L. W. Devaney 
of Baylor University, Waco, Texas. 


ETHALINE CORTELYOU 

Armour Research Foundation, Illinois Institute of Technology, 
Chicago, Illinois 

W. P. CORTELYOU 

Roosevelt College, Chicago, Illinois 


7. The preparation and characterization of acyl 
derivatives of acenaphthene: directed by 
Edith Chu of Immaculate Heart College. 


8. The determination of the absorption spectra of 
dye-type compounds in different solutions: 
directed by J. A. Hancock of Texas College of 
Mines. 


9. The preparation and characterization of alkyl 
esters of benzenesulfonic acid: directed by 
Reverend Bertin Emling of St. Vincent Col- 
lege. 


10. The determination of indexes of refraction of 
two-liquid solutions at different concentra- 
tions of each liquid: directed by R. I. Rush 
of Centre College. 


11. The determination of vapor pressure-tempera- 
ture relations of organic compounds: directed 
by E. M. Baker of Fresno State College. 


Each project is subdivided into research units; each 
research unit is of such a nature that acceptable check 
results can be expected in 50 laboratory hours, the 
equivalent of one semester hour of college credit. 
When satisfactory check results have been obtained on 
any research unit, the successful students will be 
awarded a Certificate of Acceptance by Dr. N. A. Lange 
of the Handbook Publishers, Incorporated, who will use 
suitable data in the “Handbook of Chemistry.” Data 
obtained on several units of a project may be published 
as a paper with full credit given to all participating 
students and schools. 

Information concerning the program may be ob- 
tained from either of the co-authors. 
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© GRADE ADJUSTING 


As Enret? has pointed out, it is not always possible 
to write examinations for which the class average will be 
close to 75 per cent, 75 usually being considered as the 
‘deal’? average. The purpose of this article is to com- 
pare the various methods that may be used for adjust- 
ing to 75 the average of a set of marks, which average 
deviates considerably from 75. 


FIVE METHODS OF ADJUSTING GRADES 


Method 1. A method which is often practiced and the 
one which is perhaps the simplest, is merely to add or 
subtract the same number of percentage points from 
each student’s original mark. 

This method tends to favor the student with the lower 
mark (when marks are adjusted upward). To illustrate 
with an extreme case: Suppose the class average in an 
examination is 50 per cent and the top mark in the class, 
67 per cent. Adjustment would be made by adding 25 
percentage points to the original mark. In the first in- 
stance the average mark is three-fourths of the top 
mark. After adjustment the average mark is close to 
five-sixths of the top mark. 

Method 2. The method of using a slide rule is almost 
as simple in procedure as the first. This method gives 
proportional increase (or decrease) to each mark. In 
the hypothetical case: 50 becomes 75; 67 becomes 100. 
Fifty is three-fourths of 67 and 75 is three-fourths of 
100. 

Method 3. A simple graphical method described by 
Horton® avoids a difficulty that may arise with the 
slide rule method. Let us reconsider the hypothetical 
case of a class with a test average of 50 per cent. If 
there are marks above 67 per cent the slide rule method 
will give values above 100. 

Horton’s method favors (when adjusting is upward) 
those marks close to the average, 7. ¢., as marks ap- 
proach 100 or approach zero, they are affected to a pro- 
gressively lesser extent. 

Method 4. The method of Ehret? involves the use of 
a specially constructed graph. In adjusting marks up- 
ward, marks below 75 are proportionally adjusted. 
Those above 75 will be decreasingly affected as the 
marks approach 100. It can be seen that Ehret’s chart 
also overcomes the difficulty that may be encountered 
with the slide rule method. Ehret notes in passing that 
a simple slide rule setting can be made for values below 
the average, but not for those above. The slide rule 





1 Present address: Albany College of Pharmacy, Albany, New 
York. 

2 Enret, W. F., Tots JouRNAL, 25, 690-1 (1948). 

3 Horton, W.S., ibid., 26, 286 (1949). 
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can be used for all values if the adjusting is downward. 
(Compare Method 5.) 

Method 5. Seifert‘ gives a method which makes use 
of the slide rule, but in his method the A and B scales 
are used, and the scales have to be renumbered from 
right to left. This method does not give a proportional 
increase (when adjusting upward), and favors the stu- 
dents with the lower marks, much more so than in 
Method 1, since larger increments are added to the 
lower marks than to the higher marks. 

Using the hypothetical values again, we find that 
the average 50 becomes 75, 67 becomes 83, 25 becomes 
62. The following illustrates the nonproportional re- 
sults: 


Originally Adjusted 
25 62 
67 = 0.37 83 = 0.75 
ae i. 5 
67 = 0.75 83 = 0.90 


When adjustment is upward, the possibility of ob- 
taining an adjusted mark greater than 100 is very im- 
probable; however, when adjustment is downward, a 
very poor student could receive an adjusted mark of 
less than zero. (See Table 1.) 

Ehret discusses Seifert’s method further in a letter to 
the Editor.® 


COMPARISON OF RESULTS 


In Table 1 the results obtained by the various meth- 
ods are tabulated. In column B the original marks ob- 
tained from a test taken by the author’s class of 59 
students are given. In column A the number of stu- 
dents receiving a particular mark is given. (Thus, four 
students received a mark of 88 per cent.) The remain- 
ing columns are numbered to correspond to the method 
used to arrive at the adjusted mark tabulated in these 
columns. At the bottom of each column the average, 
median, etc., are given as indicated. 

Methods 1 and 2 give similar results. Down to a 
mark of 55 per cent there is at most a difference of 
one percentage point. Method 1 gives values higher 
than obtained with Method 2 for marks above the av- 
erage, but lower for marks below the average. The re- 
verse situation exists when marks are adjusted upward. 
Both are the same in the vicinity of 75 per cent. Below 
55 per cent a greater difference exists. 

Needless to say the greater the number of percentage 





4 Serrert, R. L., Tots JouRNAL, 26, 381-2 (1949). 
5 Euret, W. F., ibid., 26, 394 (1949). 











TABLE 1 
A B 1 2 8 4 6 
3 98 92 91 97 98 97 
1 97 91 90 96 96 96 
1 96 90 89 95 95 95 
2 95 89 88 94 94 93 
1 93 87 86 91 91 91 
4 92 86 85 90 90 89 
1 90 84 83 87 87 87 
4 88 82 82 84 85 84 
6 87 81 81 83 83 83 
1 85 79 79 80 80 80 
1 84 78 78 79 79 79 
4 83 77 77 78 78 78 
2 82 76 76 76 76 76 
2 81 75 75 75 75 75 
5 80 74 74 74 74 74 
2 79 73 73 73 73 72 
4 76 70 70 70 71 68 
1 75 69 69 69 70 67 
1 74 68 69 68 69 66 
2 73 67 68 67 68 64 
3 72 66 67 66 67 63 
1 70 64 65 65 65 60 
1 66 60 61 61 61 55 
2 63 57 58 58 58 51 
1 61 55 56 56 57 49 
1 52 46 48 48 48 37 
1 46 40 43 42 43 29 
1 23 17 21 21 21 —1 


Average for 
59 students 81 75 75 76 76 74 


Median 82 76 76 76 76 76 
No. of A’s 

(90-100) 13 5 4 12 12 8 
No. of B’s 

(80-89) 25 18 19 12 12 16 
No. of C’ 

>) 14 21 21 20 21 16 
0. oO 

(61-69) 4 9 9 9 8 12 
No. of F's 

(below 60) 3 6 6 6 6 7 
Spread _ be- 

tween high- 

est and low- 

est mark 75 75 70 76 77 99 





points that the original average mark must be changed 
for adjustment to an average of 75 per cent the greater 
the deviation of adjusted marks between methods 1 and 
2. (Compare results in Table 1 with those in Table 2.) 
However, it would seem that for averages that are ad- 
justed within six percentage points, either method 
would be satisfactory, if there are no adjusted marks 
below 50 per cent. 

When adjustment is upward, Methods 3, 4, and 5 
take care of the difficulty that may arise with Methods 
1 and 2, namely, having adjusted marks greater than 
100 per cent. However, in the process of eliminating 
this difficulty, the adjusted averages obtained with 
Methods 3 and 4 will be less than 75 per cent, since the 
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increments added to marks above 75 per cent are not as 
large as they should be; decreasingly so as the marks 
approach 100 per cent. When adjustment is downward 
the increments subtracted are not as large as they 
should be for proportional results (¢f. Method 2). 

Above 75 per cent these three methods are similar. 
[Methods 4 and 5 should be identical. (See Seifert.‘) 
Discrepancies may be attributed to errors in reading 
from. the graph used in Method 4.] Below 75 per cent 
Methods 3 and 4 are similar, but marks obtained by 
Method 5 deviate greatly as descending values are tab- 
ulated. (Also note that below 75 per cent values for 
Methods 3 and 4 are similar to those for Method 2.) 
Similar results should be expected with Methods 3 and 
4 since both methods have zero as the lowest mark, 100 
as the highest mark, and make the greatest amount of 
adjustment to those marks close to the average. Any 
discrepancies may again be attributed to errors in 
reading from either graph. 

Further comparison is made in Table 2 where the 10 
marks are those marks which were arbitrarily selected 
by Seifert. In this case marks are adjusted upward. 











TABLE 2 
1 2 3 4 6 M3 
87 98 102 91 91 91 100 
86 97 100 90 90 90 99 
80 91 93 86 86 92 
71 82 83 80 80 80 82 
70 81 82 79 79 79 81 
62 73 72 72 72 73 
54 65 63 63 63 68 
51 62 60 59 60 66 
45 56 53 52 53 63 
37 48 43 43 43 56 
Av. 64.3 75.3 75.1 71.5 .71.6 75.2 74.5 





The author hopes that this paper has shown the ad- 
vantages and disadvantages of each method so that each 
instructor may choose the method he feels satisfies his 
purpose. The author prefers Method 2 which gives 
equitable results. When the difficulty arises of having 
marks adjusted to values greater than 100 per cent, the 
following modification of Horton’s method is suggested: 
For marks above the average, instead of constructing 
the graph by drawing a line from the average point (75, 
64 for the marks tabulated in Table 2) to the point (100, 
100), draw the line to (100, X), where X is the value of 
the highest mark of the particular set of marks which 
are to be adjusted. (For the marks tabulated in Table 
2, X is 87.) Call this method, Method M3. It can 
readily be seen that the average of adjusted marks will 
be closer to 75 when Method M8 is used than when 
either Method 3 or Method 4 is used. 
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GEORGE ROSE: A PIONEER IN AMERICAN 


PHOSPHORUS MANUFACTURE FROM 1870 


TO 1899 


T us story of early American manufacture of phos- 
phorus is simply a story of men, their plans, problems, 
struggles, successes, and failures. 

Along the southern bank of the Rancocas Creek at a 
place called “Texas,” formerly known as Magnolia 
Springs, about 12 miles from Camden, New Jersey, and 
within a half mile of Centerton, New Jersey,. are a few 
remaining evidences of an almost forgotten chemical 
plant which it is believed was the first American attempt 
in the commercial manufacture of phosphorus, then a 
very important raw material of the match industry. 

Near the close of the “Great Transition Period” 
(1820-70) in American chemistry,’ there was a distinct 
trend toward the more practical side of chemistry. 
Many firms intensified their efforts in the development 
of our national resources hoping to compete with foreign 
imports. 

In search of personnel for expansion of their already 
well known and established chemical firm, Powers and 
Weightman of Philadelphia contacted a George Rose 
through a chemical works, Albright and Wilson at 
Oldburg, near Birmingham, England. He was made an 
offer to come to this country and take charge of some of 
their laboratories. Leaving behind his wife and 8 
children, 3 boys and 5 girls, Mr. Rose arrived in Phila- 
delphia in the spring of 1865 and took employment with 
Powers and Weightman. After a short time, he was 
approached by Mr. Powers about the possibility of 
bringing his family to this country. Rose, a deeply 
religious man, was so elated over the prospect of having 
his family reunited with him that he considered this a 
direct answer to his prayers. Mr. Powers instructed 
him to go to the office and get what money was needed 
and make all the necessary arrangements to bring his 
family to the States, which had just survived a Civil 
War. A number of weeks later, they arrived in New 
York and came to live in Philadelphia in the vicinity of 
9th and Brown Streets. His three sons, William, 
James, and Absalom were given employment at Powers 
and Weightman and the money that was so kindly 
loaned to Rose was eventually repaid. 





1 Presented before the Division of the History of Chemistry at 
the 116th meeting of the American Chemical Society in ee 
City, New Jersey, September 20, 1949. 

* Present address: Masonville and Raficocas Road, Masonville, 
New Jersey. 

* Brownz, C. A., J. Coem. Epuc., 9, 696 (1932). 


WILLIAM E. GIBBS’ and 
CLAUDE K. DEISCHER 

University of Pennsylvania, Philadelphia, 
Pennsylvania 


Much information about the early life history‘ of 
Rose is incomplete. He was born in Gloucestershire, 
England, on December 27, 1819, and, it is believed, com- 
pleted the elementary grades in a small country school 
but never attended college. After his marriage to 
Elizabeth Bayliss, he moved to West Bromwich, 
Staffordshire, England, where employment was gained 
with Albright and Wilson. At the age of 45, Rose 
arrived in Philadelphia. 

In the spring of 1865, a wealthy southern chemist, a 
Mr. Lowell from New Orleans, Louisiana, met Rose 
through business connections with Powers and Weight- 
man and no doubt discussed among many subjects, 
the advisability of beginning the manufacture of phos- 
phorus in the States. 

Mr. Rose was greatly interested in this product for 
he had experienced some success with it while in the 
employ of the chemical works in his home town. 
Somewhat against his will, he finally was persuaded to 
form a partnership with Lowell and immediately began 
making plans for the new project. 

Charles Gibbs, a nephew of George Rose, working in 
the same plant in England where Rose had worked, was 
now told of this project and at the age of 20, in 1869, 
he reached America to assist in this manufacture. 

Some time elapsed before the firm of Rose and 
Lowell could find a suitable site, one that would be 
conveniently located for transportation facilities. In 
1870 it was decided to locate at a place along the Ranco- 
cas which the Rose family named “Texas” because “it 
seemed so far removed from civilization.” 

Perhaps another reason for this choice might be 
attributed to the influence and close proximity of some 
friends from England. Alfred Marshall, an English 
chemist, had come to this country earlier in the century, 
settled and built a brown stone house along the Ranco- 
cas about a mile above ‘““Texas.”” Also, Robert Parrish, 
an English lawyer, had a mansion about half a mile 
above “Texas” which served as his home during sum- 
mer. In winter he moved to Philadelphia. The three 
families. were socially very intimate. 

After working for Powers and Weightman for almost 
5 years, George Rose, together with his three sons, built 

4 Credit for what is known about Rose and his American ad- 
venture must be given to the survivors of the Charles Gibbs 


family and to Mrs. Ray Eisenhart, the daughter and last surviving 
member of the Rose family. 











George and Elizabeth Rose 


the main dwelling at the new site. Shortly thereafter 
Mr. Lowell joined the family, boarding with them. By 
the spring of 1870, they, together with Charles Gibbs,® 
constructed an office building close to the dwelling. 
Both buildings faced an L-shaped lake*® approximately 
100 feet wide and 1000 feet long. A roadway separated 
the lake from the buildings. The main entrance to the 
plant was by way of a road passing between the house 
and office. A 10-foot-high board fence, with gates, 
connected the buildings. The entire factory site, con- 
sisting of several acres, was fenced in on 3 sides. 

Two towering stacks were a very important part of 
the plant. Underground flues connected the stacks 
with the furnaces and sulfuric acid plant. By natural 
draft it was hoped to get rid of all noxious gases pro- 
duced in the processes. Some of these underground 
passages are still intact. They are brick-lined, dome- 
shaped passages about 3 feet wide and 3 feet high. A 
few heaps of bricks are the only remains of the stacks. 
Most of the bricks were evidently removed at the time 
the plant was dismantled. 


5 On July 31, 1871, Charles Gibbs married his cousin, Selena, 
the oldest daughter of George Rose at the bride’s residence. 
Mr. and Mrs. Robert Parrish very kindly furnished all decora- 
tions, refreshments, and dinner for the wedding party. 

6 The lake was well stocked with fish. Water lilies were abun- 
dant. A large flat-bottom boat built especially for the family 
was in evidence. The water served as power for a mill and for 
other plant purposes since it was at a higher level than the creek. 
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Other units, such as barns, sheds, carpenter shops, a 
small laboratory, kilns, furnaces, pulverizing and mix- 
ing mills, retort manufacturing house, etc., were con- 
structed within the factory area. It is said that eight 
horses were quartered in the barn and from 75 to 100 
men, coming mostly from the villages of Rancocas, 
Centerton, Masonville, Hartford, Hainesport, and 
vicinity, were employed both at construction and during 
the peak operation of the plant. 

The chemical works were a fairly complete series of 
units, arranged so that the raw materials could be 
unloaded at the wharf along the creek with a bucket 
and derrick and be easily transported by wheelbarrow 
by means of ramps to the desired units. 

Coal, sulfur, sulfuric acid, refractory clay, and phos- 
phorus bearing rock were the chief materials brought 
by boat, many by way of the Delaware River and the 
Rancocas Creek. 

The rock, known by the trade as “Charlestown” or 
“Florida” rock, was chiefly a petrified bone deposit, in 
some cases augmented by some apatite-group rocks 
taken from the same areas. Campbell Morfit? men- 
tions that the very same kind of rock was imported into 
England for phosphorus and phosphate manufacture. 
He describes the rock as “hard nodules coming from 
fish beds” and that its analysis gave from 42 to 45 per 
cent Cas(PO,)e. 

Considerable amounts of charcoal were also neces- 
sary in the manufacture. Most of this was hauled to 
the plant in large, high, boxlike wagons with tapering 
sides direct from the charcoal pits in the vicinity of Red 
Lion, Retreat, and Medford, New Jersey. At first 
Rose and Lowell pulverized their own charcoal by means 
of burrstones, but later (about 1885) it was delivered 
in a finely powdered form.*® 

Although in the early period of the manufacture, sul- 
furic acid was made in the plant by the lead chamber 
process, the demand was far greater than the supply 
and so, by necessity, the rest was bought elsewhere, 
some from Moro Phillips Chemical Co. of Camden and 
the balance from the Pennsylvania Salt Manufacturing 
Co. of Philadelphia. Most of the acid was brought by 
boat in lead-lined tanks. The boat, called the ‘‘Man- 
tua,”’ was built at Cooper’s Point, Camden and piloted 
by Captain Dan Bougher of Masonville. 

The refractory clay came from Amboy, New Jersey. 
This clay, used chiefly in making the retorts, was, at 
first, worked by means of treading with barefeet. Later 
a pug machine was bought for mixing the clay, but it 
was found that “the retorts made by this method would 
not stand up under the terrific heat used in the furnaces 
like those that were treated by treading.”” The molds 
for making these retorts were wooden cores or plugs. 


7 “A Practical Treatise on Pure Fertilizers,” Triibner and Co., 
London, 1873, pp. 20-21. 

8 A private communication says that George Crummel, a char- 
coal burner for William Thackara near Medford, recalls deliver- 
ing “much of the materiel” tc the “‘match factory” at Texas and 
that it was difficult to firid bags closely enough woven to hold the 
powder. He also well remembers “the old buildings at Texas and 
says the fumes were overpowering.” 
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Dwelling and Office Building 


After fashioning the crucible, the mold was removed; 
the mouth or open end was formed and then left to dry 
for several days while on a heated flue. When dry 
they were placed in a large beehive muffle and baked. 
The retorts were 36 inches long and approximately 12 
inches outside diameter, the bottom end was closed and 
rounded, the other end tapered to a 4-inch opening. 
These retorts were placed in rows and built in the fur- 
naces with the bottom end 
inside the furnace and the 
opening facing outward at 
a 45° angle. 
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The rock was dried, burned, then ground into a fine 
flour-like powder, placed in large lead-lined vats, mixed 
with sulfuric acid, and heated by steam until most of 
the phosphate was extracted. The liquor that was 
drained off was heated and boiled down to a thick syrup- 
like mass in large lead pans. The residues were placed 
on a refuse pile, later to be used in the manufacture of 
fertilizers. 

Fine charcoal (1 part to 4 parts by weight of the 
syrup) was added, mixed, and finally used as a charge 
for each retort in the furnace. 

Into the open end of the retort was fitted a 4-inch ell 
and sealed with fire clay, the open end of the ell dipping 
into a lead-lined trough, filled with water. The troughs 
were built along and under the protruding ends of the 
ell. 

The furnaces were fired with soft coal. The gases 
from the charges were forced through the ell into the 
water where the phosphorus condensed into a soft wax- 
like mass. 

This product was washed, taken to the pressroom 
where it was forced through a strainer containing a 
filter layer of chamois skin and felt, by means of steam 
pressure. The phosphorus was now free from particles 
of charcoal, etc. A mold similar to the old-fashioned 
candle mold was used to prepare the sticks of the ele- 
ment. The casting was immersed in cold running 
water and when solid the sticks were forced out into 
cans filled with water. Each stick was about */, inch 
in diameter and 8 inches long. The cans held from 24 
to 48 sticks each. The lids were soldered, after which 
the cans were turned upside down to ascertain the pres- 











Excessive heat used in the 
furnaces, the mechanical 
failure of the retorts and the 
linings of the furnace, and 
the long time required for a 
complete cycle from raw to 
finished product (about 2 
weeks) meant that most fur- 
naces had to be relined and 
new retorts installed after 
every one or two batches. 
This accounts for the many 
discarded fire bricks and 
broken retorts still in the 














high boson fence 











area. 

The method used for man- 
ufacturing phosphorus was 
essentially the same as that 
described in Ure’s 1864 
Dictionary.° : 

* “A Dictionary of Arts, Man- 
ufactures and Mines,” D. Apple- 
ton and Co., New York, 1864, 
Vol. 2, pp. 377-8. 























Sketch of the Rancocas Chemical Works (1870-1899) 


Reconstructed from information supplied by Fred Gibbs (son of Charles Gibbs) who was employed at the plant. 
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Broken Crucibles Still to Be Found at Plant Location 


ence of any leaks. These cans were finally packed in 
sawdust in cases holding either 6 or 12 cans each. 

Special precautions were exercised as best they knew. 
Rubber gauntlets were furnished all men coming in con- 
tact with the phosphorus. Medicated solutions and 
bandages were always available. For burns they used a 
solution of limewater and laudanum. A fire depart- 
ment was organized and maintained at the plant with 
various hose lines and hose carts placed at advanta- 
geous points. Charles Gibbs cautioned his children not 
to run barefoot through puddles of water in the plant. 
The story is told that one of the drivers of the charcoal 
wagons was detained one night by a severe storm. His 
team, which he thought securely fastened, broke loose 
and in some way got to some of these puddles. ‘The 
horses drank of this water and died shortly thereafter.” 

Often the piles containing the discarded filter screens 
would throw off dense clouds of smoke and burst into 
flame. Explosions were also mentioned, one in par- 
ticular taking part of the roof off the laboratory. One 
cannot help but wonder if any employees became 
afflicted with “caries of the jawbones” or “phosphy- 
jaw.” 

During 1870 Rose and Lowell prepared their first 
phosphorus,” at a time when the selling price was $1.25 
per pound. Just about the time they were established 
and success seemed assured, foreign competition, in 
spite of a 20 per cent import duty on the finished prod- 
uct, forced the price down to 70 cents per pound. 
English manufacturers resented the American venture 
in a heretofore exclusively controlled field and so lowered 
their price. The.plant ceased operation for a time and 
by 1871 the price was back to $1.20. The plucky 
partners reopened, but again the price gradually dropped 
to 70 cents. Increasing costs of materials such as 
fire brick at $50 per thousand, acid at $20 per ton, soft 
coal at $5 per ton, lead at 10 to 12'/2 cents per pound 
and essential bone rock at $30 per ton, together with 





10 Haynes, Wiiu1amM, “Chemical Economics,” D. Van Nos- 
trand Co., New York, 1933; ‘Tenth Census of United States, 
1880,” issued 1883, Mfg. of. Chemical Products and Salts, p. 21. 
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the elimination of the 20 per cent duty during Grant’s 
term of office, forced the price down and Rose and 
Lowell out of business. The business was sold by the 
sheriff in 1873 to Gibbs, Deacon, and Newbold. 

Newbold was the silent partner of the trio from 
Mount Holly, New Jersey. Shortly thereafter Deacon 
and Newbold dropped out and left the business to 
Amos Gibbs (no relative of Charles Gibbs). 

Ih 1874 Amos Gibbs began the manufacture of 
fertilizers at Texas for the J. J. Allen Co. of Philadel- 
phia by mixing the residue,!! obtained from the phos- 
phorus manufacture with fish guano. Rose and 
Charles Gibbs, still interested in the manufacture of 
phosphorus, stayed on to supervise the operations of a 
few furnaces still running. 

On October 31, 1874, Charles Gibbs applied for citizen- 
ship in the Court of Common Pleas of Burlington 
County, New Jersey, and by 1875 he returned to 
England to visit his relatives, but principally to learn 
how to improve on the manufacture of phosphorus to 
meet the trade’s demand. He hoped to obtain this 
information through a cousin employed at the chemical 
works at Oldbury. Charles Gibbs was gone 12 weeks, 
was paid his regular salary and a ten-dollar-a-week 
bonus by Amos Gibbs. 

By this time the price of phosphorus was carried 
down to near 50 cents. The reason for this was that 
the match industry was under the control of the Dia- 
mond Match Co. who, it was testified before a Congres- 
sional Committee, had “contracted with an English 
firm for their phosphorus supplies at a price consider- 
ably below that quoted in England and below the cost 
of production here. The market price in England is 


about 70 cents, but it is imported into the United { 


States, an ad valorem of 20 per cent being paid and is 
sold in New York at 60 cents per pound.”” 
Two years later, 1877, Moro Phillips, who owned and 





11 Tt was chiefly calcium sulfate with some phosphate which 
evidently was not removed in the sulfuric acid treatment. 

12 “Tenth Census of U. 8., 1880,” Mfg. of Chemical Products 
and Salts, p. 21. 





Pieces of the First Phosphorus Manufactured at ‘“Texas"’ 
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operated a fertilizer plant at 11th and Linden Streets, 
Camden, induced Rose, his three sons, and Charles 
Gibbs to come and begin the manufacture of phos- 
phorus for him. They left the employ of Amos Gibbs 
in May, 1877, and by September of the same year the 
furnaces used for phosphorus manufacture at Texas 
were closed down, due chiefly to lack of proper knowl- 
edge for processing. The plant now gave special atten- 
tion to the production of fertilizers. 

The products that were marketed were labeled as 
Allen’s Ammoniated Raw Bone, Allen’s Dissolved Bone 
Phosphate, Allen’s Nitro Phosphate, Allen’s Dried Fish 
Guano, Allen’s Marine Guano, etc., and a brand 
known as Texana which was in great demand in New 
Jersey. Ground up fish and king crabs were used in 
large quantities to make these fertilizers. Amos Gibbs 
continued this manufacture for Allen until the spring of 
1889, although he had sold the major interests in his 
Texas plant to the sons of J. J. Allen as early as 1885. 

In the meantime Charles Gibbs, his wife, and two 
children returned to England in May, 1878, for more 
than a year in order to obtain further information re- 
garding the processing method as used in the manufac- 
ture of phosphorus. Upon return to Moro Phillips, 
differences soon arose regarding pay, with the result 
that Rose, his sons and Gibbs quit their employ- 
ment. 

Charles Gibbs now began work at a glass house in 
Camden and later went into business with Aaron Ward, 
a contractor, until he again returned to the Texas plant 
in 1889 to supervise the manufacture of phosphorus for 
the Allen interests. 

Rose, after leaving Phillips, began the manufacture of 
soap and soap powder with his sons at 215 N. 9th St., 
Camden, under the trade name of George Rose and Co. 
In the early 80’s a Mr. Pyle of New York started in the 
manufacture of a soap product that Rose claimed was 
an infringement on his patent. He sent his old friend 
Robert Parrish to New York to intercede in his behalf, 
but he met with no success. As Rose was financially 
handicapped, he was unable to start litigations. He 
was finally forced to close his business. 

During the winter of 1889 Charles Gibbs was again 
induced to return to the Texas plant but soon encoun- 
tered trouble with a German chemist who also was 
brought into the plant by Allen for the purpose of mak- 
ing phosphorus. When Gibbs made a complaint, he 
was informed by Mr. Allen that ‘“‘we are not beholding 
to any one man, Charlie’ whereupon Gibbs terminated 
his business relationship. After a period of a few 
months, Gibbs was given full charge of the manufac- 
ture of phosphorus as “they had been unable to make a 
single pound during the time he was away as well as 
seriously damaging the equipment.” 

The furnaces were reconditioned and places for 20 
new retorts were added, making a total of 95 in opera- 
tion by 1890. As the average cycle required about two 
weeks they were capable of producing a ton of ‘phos- 
phorus every cycle or roughly 26 tons per year. 
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Gibbs continued in the manufacture of phosphorus 
for the J. J. Allen’s Sons until 1899 when the Diamond 
Match Co. bought them out after shutting off their 
sources of raw materials. Gibbs was offered a position 
with them at their Niagara Falls plant which he de- 
clined together with an offer for the secrets used by the 
firm of Rose and Lowell. Parts of the Texas plant 
were dynamited and the machinery sold as junk; the 
rest gradually fell into ill repair and was torn down. 

Rose, upon retirement, became interested in welfare 
work and died on June 22, 1906. Burial was made in 
the Colestown Cemetery near Moorestown, New Jersey. 

Charles Gibbs went into business for himself as a 
general contractor and builder. Like his father-in-law, 
he was an ordained minister of the Methodist faith. 
Death came to him at his home near Rancocas, New 
Jersey, on June 8, 1930. 

Thus ended an admirable example of an early Ameri- 
can enterprise in applied chemistry. 

The authors express their appreciation to C. 8S. 
Brinton and N. R. Ewan of the Camden County His- 
torical Society for their interest and assistance in this 
study. 
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Retort or Crucible Used for Manufacture of Phosphorus 





A SPECIFIC QUALITATIVE TEST FOR ZINC 


Zinc is one of the ions missed most frequently by 
students in qualitative analysis, although many meth- 
ods for detecting zinc have been proposed. A de- 
sirable qualitative test should be simple, sensitive, and 
specific. It should give clear-cut results while per- 
mitting wide tolerances in conditions and quantities of 
materials used. For use in qualitative analysis courses 
it should utilize reactions readily understood and re- 
agents commonly available and familiar to elementary 
students. It is believed that the test described below 
meets these requirements. 

A principal objection to many of the tests which have 
been proposed for zinc is that they are not specific. 
Similar results are commonly given by ions closely 
associated with zinc in the usual analytical procedures. 
The test here described overcomes this difficulty. In 
fact it is applicable in the presence of almost any com- 
bination of the substances traditionally included in 
qualitative analysis courses. 

The following ions, in hundreds of combinations with 
and without Zn++, have been investigated: Ag*, 
Hg.t+, Pbtt+, Bitt++, Cutt, Cdt++, Hgt+, Astt+, 
Sbt++, Snt+, Snt+++, Mnt+, Nit+, Cott, Fett, 
Fet++, Al+++, Crt++, Batt, Sr++, Cat+, Mgtt, 
K+, Na+, NH,*+, H+, St, CN-, Fo(CN).", Fe(CN)e, 
SCN-, I-, Br-, Cl-, 103-, BrOs~, ClO;-, ClO~, SO,", 
SO3", $203", CrO,", C.0,", ¥-, Mn0O,-, NO;-, NO.-, 
BO.-, AsO,*, AsO;*, P 0, C.H;02-, CO;-, Si0;-, 
OH-. No interferences other than those discussed 
below have been found. 

Under the conditions to be described, Zn++ gives a 
whitish precipitate. Large concentrations of Pbt+ 
and Sn**+ give similar precipitates, which are, however, 
much more soluble and can easily be avoided. In the 
presence of large quantities of ammonia Cutt also 
gives a precipitate, but it is reddish-brown and it, too, 
can easily be avoided. Since copper, tin, and lead 
differ so greatly from zinc in other reactions commonly 
employed in qualitative procedures (reactions with 
HS or chloride, for example), chances of confusing zine 
with copper, tin, or lead are practically negligible in the 
method to be described. There is practically no chance 
of confusion with any of the ions commonly found in 
the same traditional sulfide group as zinc. Aluminum 
ion, for instance, causes no difficulty whatever. Strong 





1 “Tables of Reagents for Inorganic Analysis, Reports of the 
‘International Committee on New Analytical Reactions and Re- 
agents’ of the ‘Union internationale de Chimie.’” First Report, 
1938, p. 176; Third Report, 1948, p. 114. 

2 WenGaeER, P., R. Duckert, anp D. Rietu, Helv. Chim. Acia, 
25, 406-15 (1942). 


WILLIAM E. MORRELL 
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oxidizing agents may need to be reduced, but they pro- 
vide their own warning. 

The procedure is based on the fact that of all the 
common ions, zinc is the only one which gives a ferro- 
cyanide precipitate readily soluble in sodium hydroxide 
solution but insoluble in dilute hydrochloric acid. 

Essentially, the test consists of adding sodium hy- 
droxide solution to an aqueous solution of the unknown 
until any amphoteric Zn(OH): is at least partly dis- 
solved, adding potassium ferrocyanide solution in 
excess, filtering or centrifuging the mixture if any pre- 
cipitate is present, and adding a few drops of the filtrate 
to dilute hydrochloric acid. A precipitate indicates the 
presence of zinc. 

The following more detailed directions take care of 
all interferences which have been observed. 


PROCEDURE 


(a) Make a sample of the unknown somewhat 
acidic with dilute hydrochloric acid, or if already acidic, 
add sodium chloride solution. Make conditions such 
that any zinc present would be in solution. Centrifuge 
or filter off any undissolved solid or precipitate and dis- 
card it. This step reduces the concentration of Pbt*, 
if lead is present, to a point where it can cause no inter- 
ference. The Ag+ and Hg,++ which will also precipi- 
tate here, if present, would cause no later difficulty even 
if not removed. If in this step a precipitate which 
could be colloidal sulfur should appear, boil the mixture 
to coagulate the sulfur somewhat, cool to reduce the 
solubility of PbCl,, and then centrifuge or filter as be- 
fore. Finely divided sulfur, if a large quantity were 
allowed to remain, could be confused with a zinc pre- 
cipitate in the final test. 

(b) To the filtrate from the preceding step, add 
NaOH, (8-6 M) until any Zn(OH), would be at least 
partly dissolved. The concentration and amount of 
sodium hydroxide solution used are not at all critical. 
A very dilute solution or too large an amount would 
dilute the unknown unnecessarily. Too large an 
amount of hydroxide increases somewhat the chance of 
stannous ion—or lead ion if it were still present in high 
concentration—giving a final precipitate which could 
be confused with that of zinc. There is considerable 
leeway, however, in the quantity of NaOH which can 
safely be used, but in general too large an excess should 
be avoided. 

(c) Add K,Fe(Cn)ea in excess. There is even 
greater latitude in the quantity of ferrocyanide which 
can be used. Increased excess helps somewhat in di- 
minishing possible interferences, but the advantages 
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finally become counterbalanced—if the concentration of 
zinc is already small—by the disadvantage of increased 
dilution of the substance sought. 

(d) If any precipitate is now present, filter, or cen- 
trifuge the miature or a fraction of it. The precipitate 
will be discarded, so if partial settling has occurred, 
much of the precipitate can be left behind by decanta- 
tion into the funnel or centrifuge tube. The resulting 
filtrate should be clear. If Cr+++ or MnOQ,~ be present 
in the unknown, the filtrate will be green. If CrO,= or 
Fe(CN).™, it will be bright yellow. Otherwise it should 
be practically colorless, or light yellow due to the pres- 
ence of the ferrocyanide ion. 

(e) Add five drops of the filirate to five milliliters of 
3M HCL and shake enough to insure mizing. A whitish 
precipitate shows the prescence of zinc. Use of a medi- 
cine dropper is convenient. Although there is again 
considerable leeway in concentration and amounts, the 
concentration suggested is advantageous. Repeated 
experiments have shown the zinc ferrocyanide to give 
practically as heavy a precipitate in 3 M HCl as in 0.3 
M, but to be appreciably more soluble in 6 M acid. 
Precipitates of ions such as Snt++ and Pb++ appear 
much less readily in 3 M HCl than in more dilute acid. 
However, if the various ions are present at small con- 
centrations—i. e., the possible concentration of zinc 
being of the order of magnitude of 0.001 M to 0.010 M 
in the original solution—the test can be made somewhat 
more sensitive by using 1.5 M HCl instead of 3 M. No 
advantage is gained by going to still more dilute acid, 
however, and in most cases where there is any dif- 
ference the 3 M is preferable. Considerable variation in 
relative amounts of filtrate and acid is permissible, but 
again the relative quantities suggested—one drop of 
filtrate for each milliliter of acid—are advantageous. 
With these relative amounts, interfering precipitates 
very seldom occur, while the zinc precipitate appears 
immediately or within a few seconds after shaking. 

The precipitate is probably a double salt, M2Zns(Fe 
(CN)s)2, where M might be H+, Na+, K+, or probably 
any of various other cations which might be present.’ 
The precipitate is of the nature of a turbidity, which 
may vary from very heavy to light. By comparison 
with standards it might even be used to estimate the 
concentration of zinc in the original unknown, pro- 
viding enough NaOH is used to dissolve all zinc from 
the alkaline precipitate. If the original concentration of 
zinc is about 0.1 M or greater, the final precipitate is 
opaque. 

If the final test solution (e) is bright yellow, the orig- 
inal unknown probably contains a strong oxidizing 
agent, and this might prevent the precipitation of zinc. 
Procedures to handle this situation are discussed in the 
next section. 


EFFECT OF OXIDIZING AGENTS 
A bright yellow color with a slightly greenish tinge in 
* Sarro, S., Bull. Inst. Phys. Chem. Research (Tokyo), 8, 921-51 


(1929); 10, 316-27, 703-7 (1931). (Abstracts, 2, 107-9 (1929); 
4, 36-7, 69-70 (1931).) 





the final test solution (e) indicates the presence of Fe 
(CN)s™. The ferricyanide may all have been present in 
the original unknown, in which case no harm is done to 
the zinc test except that it is given the yellow color. 
On the other hand, some or all of the Fe(CN)." may 
have been formed from the added Fe(CN)."" by a 
strong and rapid oxidizing agent in the unknown. If 
the oxidant is chromate, bromate, or hypochlorite, 
oxidation of the ferrocyanide to ferricyanide may be 
complete, in which case no zinc test can be obtained. 
If the oxidant is iodate, permanganate, or nitrite, the 
oxidation is likely to be only partial, and the zinc pre- 
cipitate can still appear in the yellow solution. If the 
oxidant is chlorate, the test will at first be unaffected 
but will become yellow on standing. The ferrocyanide 
is oxidized in the alkaline solution of step (c) by per- 
manganate (giving the green manganate), but in the 
other cases the oxidation of the Fe(CN)s—~ is mostly 
delayed until the mixture is dropped into the acid in the 
final step. Nitrate, even in large concentrations, has no 
apparent effect and does not harm the zinc test in the 
slightest. 

A yellowish precipitate in these yellow test solutions 
shows zinc to be present. If no precipitate appears in 
such a solution, zinc might still be present. The addi- 
tion of more ferrocyanide to this solution can complete 
the reduction of the oxidizing agent and zinc can then 
precipitate with the excess ferrocyanide. However, 
cleaner tests without discoloration can be obtained by 
reduction of the oxidant in step (a). 

The reduction may be at least partially accomplished 
by the chloride ion in the acidic solution in step (a). 
But the resulting chlorine must be mostly removed or 
else it in turn can provide continued source of oxida- 
tion. Reduction can also be accomplished by sulfide 
or H,S in the acidic solution. But unless the unknown 
is being put through the traditional acidic-solution- 
H,S-group separation anyway—in which case the re- 
duction will occur incidentally—the easiest and cleanest 
reduction can be made with sulfite. Addition of solid 
Na,SO; in excess to the acidic unknown in step (a) 
will destroy any harmful oxidizing agent (including the 
chlorine) conveniently and quickly, and will leave no 
product which need be eliminated. Such addition of 
sulfite can be included as a routine part of step (a) in 
cases of unknowns in which strong oxidizing agents are 
possible constituents. The test can then be carried 
through from step (0) as described above. 


INTERFERENCES 


In the procedure outlined above, there is little chance 
of any of the substances commonly used in qualitative 
analysis being confused with zinc. A light turbidity in 
the final test might be the result of a large concentration 
of Sn++ rather than a small concentration of Zn+*+. A 
precipitate or even a turbidity due to Sn++ practically 
never appears, however, unless a relatively larger 
volume of the filtrate than suggested in (e) is added to 
the HCl. Furthermore, turbidities caused by Zn*+* 
and Sn++ can easily be distinguished. With the tur- 
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bidity in 5 ml. of 3 M HCl, the addition of 1 ml. of 6 M 
HCI will clear it up if it is caused by Sn++ but will have 
practically no apparent effect if zinc is present. 

Lead in high concentrations acts much like Sn*++ in 
the final test, and can be distinguished from zinc in the 
same manner. Enough Pb*++ is removed as a chloride 
precipitate in (a), however, so that no turbidities due to 
lead appear in the final test. 

If both zine and copper are in the unknown, the final 
zine precipitate may be discolored bluish or tannish. 
Copper present without zinc may result in a tannish or 
brownish tinge in the final solution. Copper in the pres- 
ence of large concentrations of ammonia will finally 
give a discolored solution or a reddish-brown precipitate. 
This can be prevented by removing the Cut++ with H.S 
or by volatilizing some of the ammonia. If the deep 
blue color of the copper-ammonia complex ion is noticed 
in the original solution or in step (6) in the above pro- 
cedure, the alkaline sample can be heated in an evap- 
orating dish, boiling off some of the ammonia. A pre- 
cipitate will form and will probably contain the zine, if 
present in the unknown, so after the dish has cooled, 
hydrochloric acid should be added and the procedure 
followed through from step (a). 


Cobalt in the presence of a large concentration of am- 
monia can result in a purplish discoloration or even a 
slight turbidity in the final test solution. In this case 
warning of trouble is given by a purple or brown fil- 
trate in step (d) and the odor of ammonia in the alkaline 
solutions. Again, any interference can be prevented by 
volatilizing off some of the ammonia, proceeding as in 
the case of copper. 

It is not necessary to remove all of the ammonia to 
avoid a copper or cobalt precipitate or turbidity. In 
fact, the ammonia from the amount of NH,* often in- 
cluded as a constituent in qualitative unknowns is 
seldom enough to result in a copper or cobalt turbidity. 
In any case, warning of possible trouble would be given 
by a rather highly colored filtrate in step (d). 

In general, the filtrate resulting from (d) should be 
clear and practically colorless, or a light yellow due to 
the excess ferrocyanide ion which has been added. For 
the ions investigated, a highly colored filtrate is a warn- 
ing of probable trouble in all cases except two: if the 
unknown contains Fe (CN),=, the filtrate will be yellow; 
if Cr+++, green; neither of these causes difficulty. 
However, yellow or intense green will also be obtained if 
the unknown contains CrO,- or MnQ,-, respectively, 
and if no provision has been made for their reduction. 
In the resulting final test solution, a zinc precipitate can 
probably still form in the case of MnQ,-, but will 
likely be missed in the case of CrO,-. Therefore a 
highly colored filtrate (particularly if bright yellow) 
which does not give a precipitate in the final test is sus- 
pect. But if a highly colored filtrate does give a pre- 
cipitate, it is also suspect. 

If a rather highly colored but sufficiently alkaline 
filtrate does give a precipitate, there are four most 
likely possibilities: (1) The unknown may contain con- 
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siderable ammonia and either copper or cobalt. (2) 
The filtrate may contain particles of solid due to in- 
effective filtering or centrifuging. (3) Insufficient fer- 
rocyanide may have been added, resulting in incom- 
plete precipitation of some ion which should have been 
removed. This possibility can be investigated by add- 
ing a small amount of filtrate to 6. M HNOs. If excess 
K,Fe(CN). has correctly been added, the slightly green- 
ish yellow of dilute ferricyanide will soon appear. (4) 
If none of the preceding accounts for the precipitate, the 
filtrate is probably green or yellow and the unknown 
probably contains zinc together with MnO,-, Cr*+**, or 
Fe(CN).=. 

The final test solution (e) in turn should also be prac- 
tically colorless. The zinc precipitate, if present, should 
be almost white with just a tinge of slightly yellowish 
gray. Tinges of other colors, particularly bluish, may 
appear, due to the formation of traces of compounds 
such as Prussian Blue. A flesh-to-brownish discolora- 
tion usually indicates copper which has not been com- 
pletely removed. A bright yellow color in the final test 
usually means that a strong oxidizing agent is present, 
and this has been discussed above. 

An unknown which gives colloidal sulfur when made 
acidic could be mistakenly thought to contain zinc. 
Such could be unknowns containing thiosulfate ion or 
sulfide ion. (The latter will commonly contain free 
sulfur due to oxidation by the air.) The confusion 
which might be caused by colloidal sulfur is forestalled 
by step (a) in the procedure. It is not necessary that 
the removal of sulfur be complete. Considerable tur- 
bidity due to sulfur can be tolerated in filtrate (d) 
without being noticeable in the final test solution (e). 

In the presence of cyanide, precipitates are given by 
several ions in addition to zinc, particularly by silver, 
copper, cobalt, nickel, and to a lesser extent, cadmium. 
This probably makes little difference, however, since 
cyanide ion is seldom included in unknowns in qualita- 
tive analysis. If cyanide ion is present, the safest pro- 
cedure is to remove it before proceeding with the 
test. 


ALTERNATE PROCEDURES 


It will be noted that the principal interferences 
(Pb++, Sn++, Cu**, colloidal sulfur, strong oxidizing 
agents) discussed above would be avoided by a pre- 
liminary precipitation by H.S in acidic solution. Ap- 
plied to the alkaline sulfide group, this test for zinc is 
practically foolproof. 

Specific instructions concerning concentrations and 
amounts have mostly been avoided in this paper be- 
cause of the wide variations which still give excellent 
results. Examples of satisfactory quantities are: 
approximately equal volumes of unknown solution, 6 
M NaOH, and 0.5 M K,Fe(CN),—telatively less 
NaOH if no precipitate appears when it is added; 
finally, one drop of the resulting filtrate added to each 
milliliter of 3 M HCl. 

Either macro or micro methods can be used. 
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e AN ELECTRICAL QUESTION BOARD 


To nexp arouse the interest of general chemistry 
students I have constructed an electrical question board 
shown in Figure 1. The apparatus consists of a thin 
wooden panel mounted on a support. The left side of 
the panel is so arranged that a sheet of standard size 
typewriter paper containing ten multiple choice ques- 
tions may be inserted into a frame and covered with a 
glass. On the right side of the panel are 50 small bolts 
so mounted that the bolt heads are on the front of the 
panel. These bolts are arranged in ten horizontal rows 
with five bolts in each row. The rows, which are num- 
bered from one to ten, correspond to the 10 multiple 
choice questions. The five bolts in any one row corre- 
spond to the five choices given for any one question. 
Near the top of the panel is a 110-volt, 2-watt neon bulb. 
On the back of the panel are mounted a 110-volt bell- 
ringing transformer and a standard door bell. A flexible 
insulated wire about 18 inches long immerges from the 
front of the panel through a hole near the bottom. This 
wire is terminated by an insulated probe similar to that 
used on voltmeters. If the electrical conductor on the 
end of this probe is placed in contact with one of the 
bolt heads, either the neon light will glow or the bell 
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Figure 2. Wiring Diagram 


will ring. Which effect occurs depends on how the bolts 
have been connected into the electrical circuit. 

A portion of the wiring diagram which includes only 
three out of the ten rows of bolts is shown in Figure 2. 
The electrical connections to the bolts are made with 
uninsulated #24 copper wire on the back of the panel 
and arranged in such a manner that one bolt in every 
row is connected to the neon bulb. The other four bolts 
in each row are connected to the transformer. The con- 
nection to any bolt is made by a single turn of wire 
around the bolt. By using this admittedly crude wiring 
system, the board can be rewired for a different set of 
questions within five minutes. In order to reduce the 
possibility of electrical shocks, it is preferable to connect 
the probe to the grounded side of the 110-volt line. 

When in use, the question board is placed in the lab- 
oratory with a set of questions relating to that part of 
the course on which the student is to be tested within a 
few days. The student selects what appears to be the 
best choice and connects the probe with the corre- 
sponding bolt. If his choice is correct, the neon light 
will glow. If his choice is wrong the bell will make an 
unpleasant noise due to friction tape around the bell. 

The use of this apparatus is entirely voluntary. How- 
ever, the fact that it has been used by a majority of the 
students gives some indication of its value. 














Tus paper presents an extension of metal sulfide 
precipitations from qualitative separations to quantita- 
tive analyses. The proton exchange accompanying 
the process (equation 1) is measured’ acidimetrically. 


2H.0 + M*++ + H.S = MS + 2H,O+ (M = metalion) (1) 


Our results may be significant to the analytical chem- 
ist, since they allow the quantitative determination 
of various heavy metal ions by a speedy and uniform 
procedure. This approach is, however, probably 
more significant to students, who gain experience in 
general acidimetry as well as in the charting and com- 
plete interpretation of titration curves involving mixed 
strong and weak acids. We have provisionally in- 
corporated it in the quantitative analytical chem- 
istry course in this college. 

Equation 1 represents the basic principle; precipita- 
tion of metal ions with an excess of hydrogen sulfide 
affords a mixture of strong and weak acid. The 
former can be determined selectively and is a measure 
of the original metal ion molarity. This analytical 
attack is somewhat similar in principle to recent ele- 
gant “complexometric’’ methods based on protolyses 
attending specific complex formations. 

The relative position and mobility of the equilibrium 
in equation 1 decide the applicability of the acidimetric 
procedure. Both factors are sufficiently favorable 
for the majority of the common subgroup metals: 
some are precipitated quantitatively upon addition 
of hydrogen sulfide, displacing the equilibrium entirely 
to the right (e. g., silver ion or mercuric ion). For 
other metals, completion is gradually attained upon 
slow addition of alkali during the titration proper (e. g., 
zinc ion or nickelous ion). In order to obtain clear end 
points, the techniques is confined to those metals whose 
sulfides are insoluble at pH four or below. This 
qualification has excluded, for instance, manganous 
ion. 

There is no interference from substances unreactive 
toward hydrogen sulfide. The presence of acid in an 
unknown solution requires a preliminary determination 
of a “blank” titer for subtraction from the final reading. 

A solution of several heavy metal salts must, of 
course, be subjected to separation prior to application 
of the procedure above. This can be accomplished by 
any of the means ordinarily required in conventional 
analyses. There exists, however, a special case for 
which a preliminary geparation is unnecessary: two 





1 SCHWARZENBACH, G., Helv. Chim. Acta, 29, 1338 (1946). Bre- 
DERMAN, R., AND G. SCHWARZENBACH, Chimia, 2, 56 (1948). These 
papers contain reference to earlier publication on the same subject. 
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component alloys or mixtures can be so analyzed 
provided the metal pair is far from isobaric. One 
aggregate titer, in this “indirect’’ analysis, yields the 
concentrations of both individual constituents. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Solutions of silver, lead, cadmium, mercuric, cupric, 
zinc, and nickelous salts were prepared from Baker's 
Analyzed c. p. chemicals. The acidic solutions (zine 
sulfate and mercuric chloride) were subjected to in- 
dicator titration in order to determine the acid molarity. 

An excess of aqueous hydrogen sulfide, saturated at 
ice temperature, was added to a sample of the unknown 
solution in a 100-ml. beaker. The aliquot contained 
about two millimols of metal. Three approaches were 
tested: 

Method A. A complete titration curve was de- 
termined experimentally with a Beckman pH Meter 
(Laboratory Model). The standard accessory glass 
electrode and calomel electrode did not appear to suffer 
from prolonged exposure to sulfide solutions. 

Measured portions of carbonate-free standard alkali 
were admitted from a buret to the stirred suspension, 
followed by a pH reading after each addition. These 
pH measurements were reproducible and steady for 
ions of the Copper Group and for silver ion, all of which 
are completely precipitated by hydrogen sulfide. Sus- 
pensions containing zinc, nickel, or cobalt ion showed a 
drift from a maximum to a minimum pH after each 
alkali addition; this equilibrated value, generally 
reached after three to four minutes, was recorded. 
Titrations were carried at least into the bisulfide buffer 
range, pH 6.5, the complete operation taking from 15 
to 20 minutes. 

Three representative curves are plotted in Figure 1: 
No. 51, silver ion, typifies the case of the most in- 
soluble sulfides; the equilibrium is completely dis- 
placed toward formation of products (equation 1). 
This particular titration was carried beyond the first 
equivalence point of H:S (pH 9). No. 75, nickel 
sulfide, is gradually precipitated during the titration at 
slightly lower acidity, establishing a “buffer” around 
pH 2.5 or 3. This heterogeneous process is known to 
be slow,? fully in accord with the drifting pH readings 
described above. No. 52, manganous sulfide, is too 
soluble to yield to this procedure; it is precipitated 
within the range of the bisulfide buffer. No end point 
is observed at the calculated titer (about 9.6 ml.). 

This method is recommended for student work. 





2? Hammett, L. P., “Solution of Electrolytes,” McGraw-Hill 
Book Co., New York, 1936, Ch. III. 
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First, it illustrates the manipulations involved in the 
construction of multiple-acid titration curves. Sec- 
ond, location of the relevant end point is required, 
which, in turn, is the key to the analysis of the original 
unknown. This assignment thus combines funda- 
mental features of acid-base equilibria with a specific 
application to analysis. Compared to conventional 
student analyses of simple binary electrolyte solutions, 
this procedure is presumably as accurate as most and 
more rapid than some. 

Method B. This was a simplification of the preced- 
ing techniques, dispensing with the charting of a com- 
plete curve. The previous procedure was followed, 
but no individual pH readings were taken. The 
meter was set initially at approximately pH 3.7, a 
value considerably below that of the final reading. 
This served as a precaution in that the needle func- 
tions as a warning signal of the approaching end 
point. After resetting the meter to the proper pH 
(4.50), the titration generally required another four to 
eight drops of standard alkali before the needle crossed 
the center marking. The entire operation generally 
took from three to five minutes. We recommend this 
procedure for general analytical purposes. 

In the presence of members of the Zinc Group the 
final stage of the titration should be carried out slowly 
to allow for complete precipitation. Method A is 
superior for nickel solutions. 





TABLE 1 
Acidimetric Titration of Standard Metal Salt Solution 








ola: 

Analysis Components, mols/liter found Method 
51 AgNO,, 0.1991 0.1991 A 
85 O;, 0.1991 0.1992 B 
59 PB(NO;)2, 0.3069 0.3075 A 
60 PB(NOs)2, 0.3069 0.3064 A 
76 PB(NO;)2, 0.3069 0.3074 B 
55 CuSO, 0. 0.0990 A 
57 CuSO, 0.0992 0.0992 A 
7 CuSQ,, 0.0992 0.0987 B 
32 NiSO,, 0.1020 0.1021 A 
75 NiSQ,, 0.1020 0.1025 A 

101 NiSO,, 0.1020 0.1021 A 
Cd(NOs)s, 0.1485 0.1483 A 

14: Cd(NOs)2, 0.1485 0.1488 Cc 

15% Cd(NO;)2, 0.1485 0.1485 Cc 

91 Cd(NOs)2, 0.1501 0.1503 A 

89* Cd(NO;)2, 0.1501 0.1500 B 

90* Cano’? 0.1501 0.1500 B 

18% ane 0.1501 0.1501 Cc 

42 ZnSO, 0.2205 0.2211 A 

‘dy 

(H2SO,, 0.0372) 

98 nSQu, 0.2198 B 
(H2SO,, 0.0372) ® 

34 ZnSQ,, 0.2205 0.2207 Cc 
(H2SO,, 0.0372) 

354 nSQ,, 0.2205 0.2206 Cc 
(H2SO,, 0.0372) 

45 1, 0.10 0.0989 A 
(HCl, 0.2857) 

46 HgCl,, 0.10 0.0988 A 
(HCl, 0.2857) 

77 HgCh, 0.10 0.0992 B 

- (HCl, 0.2857) g 
52 MnSQ,, 0.4881 A 


* This run was carried out by Mr. Alan Hecht. 








5 10 15 20 
Ce. of NaOH 


Figure 1. Acidimetric Titration Curves for Aqueous Suspensions of 
Metal Sulfides in the Presence of Excess Hydrogen Sulfide 


From top to bottom: Mn, No. 52 (z = 4.0); Ag, No. 51 (2 = 2.0); Ni, 
No. 75 (z = 0). 


Method C. Simple indicator titrations were possible 
for suspensions of zinc sulfide and cadmium sulfide. 
Other metals form precipitates so highly colored as to 
preclude this approach. Congo red appeared most 
suitable. In the presence of cadmium it gave a clear 
end point, from green to orange, easily discernible on 
comparison with a previously prepared standard. 

Table 1 compares the results of orthodox analyses 
(column 2) with those by methods A, B, and C (column 
3). 

The mercuric chloride concentration in the second 
column is uncertain. No accurate data were obtained 
through the recommended method. 











TABLE 2 
Acidimetric Analyses of Metal Pairs 
Composition, Composition found 
Analyses % by wt. (method A), % 

69 Silver, 90.00 89.94 
Copper, 9.98 10.06 

73 Mercury, 76.1 76.45 
balt, 23.9 23.55 

71 Lead, 85.2 , 85.88 
Zine, 14.8 14.12 





Two-Component Mixtures. Three metal pairs were 
analyzed, without preliminary separation, by means 
of one acidimetric titration. This represents the 
special case referred to above. The constituents had 
widely differing equivalent weights in each instance. 
Accurately weighed quantities were dissolved in 1:1 
nitric acid, evaporated to a moist paste on a hot- 
plate, transferred to a volumetric flask, and diluted to 
volume. Separated aliquots were: (a) analyzed for 
their residual acid content by indicator titration 
(bromphenol blue or methyl red), and (6), subjected 





*BorreerR anp Ozsper, “Newer Methods of Volumetric 
Chemical Analysis,” D. Van Nostrand Co., New York, 1938, Part 
IV. 
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to Method A. This titer and the weight of the original 
sample, on substitution into Equation 2 resolved the 
unknown into the concentrations of its individual 


components. 

: _ 100 X (mY — wy) 
Weight per cent (X) = waY = %5) (2) 
where X = atomic weight of metal (X); Y = atomic weight of 
metal (Y); x = valence of metal (X); y = valence of metal 
(Y); w = weight of metal sample, in grams; m = mols NaOH, 
for titration of sample (corrected for molarity of acid in solution). 





First, a silver-copper 


Table 2 summarizes our data. 
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alloy was analyzed by orthodox means, involving 
quantitative separation. This was checked against 
acidimetric titration (No. 69). Second, semiquantita- 
tive data were obtained from coarsely mixed metal 
pairs prepared by weight (Nos. 71, 73). No orthodox 
analyses were carried out. The discrepancies between 
the calculated and the determined results are in the 
direction of impurities in the metal specimens and 
should most reasonably be attributed to this factor 
since some samples were only 99.0 to 99.5 per cent pure, 








x Ultrasonics 


Hypersonic equipment is now available to industry 
in three models of varying capacity. First and smallest 
of these is for laboratory-scale research. The second 
is a much more powerful pilot-plant model which can 
be used for production operation. The third type is a 
full-scale production unit, custom built to the specific 
requirements of the industrial user. 

Ultrasonic energy has been given many and various 
treatments in recent semitechnical writings. The full 
impact of the enormous possibilities of ultrasonic 
energy can be understood only if the action and effect 
of this phenomenon are, at least to some extent, realized. 
The powerful action of ultrasonic vibrations is made 





possible by the tremendous accelerations connected 
with it. 

As compared with gravity, which produces an in- 
crease in velocity of 32 feet per second per second in a 
falling body, or that of a bullet fired from a rifle, the 
acceleration in a high-intensity ultrasonic wave in a 
liquid is extraordinary. The acceleration rate pro- 
duced may be as high as 12,500 miles per second per 
second. This action is repeated first in one direction 
and then in the other 1,000,000 times per second. 
Such an acceleration applied continuously to a physical 
body, would move it a million miles in 10 seconds. 

The use of ultrasonic energy is important not only in 
industrial manufacture but in biological and agricul- 
tural fields as well. Shown here is a brief list of accom- 
plishments in various fields: 


(1) 
(2) 
(3) 
(4) 
(5) 


The complete emulsification of nonmiscible 
liquids such as oil and water. 

The suspension in a liquid of powdered material 
of different basic characteristics. 

The rearrangement of the molecular structure 
within a great variety of substances. 

The acceleration or destroying of bacterial 
growth. 

The acceleration of electrolytic agents as in 
plating operations. 


All these past accomplishments, however, have been on 
a laboratory or test-tube scale due to many limiting 
factors. 

The prime source of ultrasonic force is found in 
piezoelectric devices. Quartz and other similar crys 
tals have piezoelectric properties. This means that 
the crystalline structure of the element produces con- 
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trolled vibrations upon the application of electric cur- 
rent. 

Much effort has been put into research on artificial 
production of quartz and some promising results have 
been obtained, but crystals large enough for industrial 
ultrasonic applications would still be prohibitively 
expensive. 

A solution to the problem of supplying large-size 
generators of ultrasonic energy came from a direction 
which scientists only 10 years ago could hardly have 
imagined. About the beginning of World War II 
scientists at the Titanium Alloy Manufacturing Com- 
pany (now a division of National Lead Company) 
found that certain ceramic materials containing tita- 
nium, exhibited a dielectric capacitance far in excess 
of anything known before. Wartime research led to 
the conclusion that this ceramic can be made to pos- 
sess electric properties which show a striking analogy 
to the magnetic properties of iron and a mechanical 
response to applied electric energy which makes it 
comparable and in certain ways superior to the piezo- 
electric crystals such as quartz. 

Intense study and inventive thinking by Brush 
Development Company, Cleveland, Ohio, of the novel 
electromechanical properties of this material led to the 
design of forms of ceramic “transducers’’ of electrical 
energy into ultrasonic sound energy which show 
operating characteristics entirely different from piezo- 
electric-crystal transducers or magnetostrictive de- 
vices. 

Techniques and methods have been developed for 
producing finished ceramic elements in a variety of 
shapes. (See illustrations.) Thus it is now possible to 
build large industrial-type transducers to fit practically 
any specific purpose. The ceramic material may take 
the form of a spherical shell or cylindrical tube which 
concentrates the sound energy in a specific operating 
area. 

One characteristic of piezoelectric crystals previously 
used is that the electrical driving voltage must be 
applied in a fixed direction and results in a mechanical 
action in a fixed direction. In the ceramics this 
limitation is not present. 

In ceramic elements the direction of the mechanical 
action is determined by a polarizing electric field 
applied during manufacture and its direction may be 
made to vary at will from one point of the transducer 
to another. For example, in a tubular transducer ele- 
ment, the polarizing direction may be at all points 
directed toward the central axis of the tube. 

Thus it is possible to obtain ultrasonic waves emanat- 
ing uniformly from a curved surface; the waves thus 
produced may be concentrated into a limited area 
where a sound-energy concentration is obtained which 
is even much greater than on the surface of the ceramic 
element. 

Another advantage of ceramic elements is their 
ability to develop high power without the need of high 
voltages, as encountered in quartz-crystal generators. 
Because of the flexibility of applications made possible 
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by the ceramic element and because of its definitely 
superior characteristics, industry for the first time has 
available ultrasonic equipment which foretells the 
widespread use of this revolutionary technique of 
processing materials. 


& Pentachlorophenol 


An illustrated 25-page booklet, ‘‘Penta,’’ on the use 
of pentachlorophenol as a wood preservative on the 
farm is available from Monsanto Chemical Company. 
The booklet deals with the treating of wood with 
pentachlorophenol solution which protects wood from 
attack by decay and wood-eating insects, increasing its 
service life several times. 


e Chromatographic Indicator 


Alphamine Red R is an indicator used in the chro- 
matographic separation of organic acids. It is appli- 
cable for mono- and dicarboxylic acids and amino acids. 
This is the first of a series of aids for chromatograph 
which Herstein Laboratories, Inc., 128 Water St., 
New York City 5, are planning to offer. 


& Booklets 


The United States Atomic Energy Commission has 
recently published “Isotopes,” a three-year summary 
of distribution with an extensive bibliography. It can 
be obtained from the United States Government 
Printing Office, Washington, D. C., Superintendent of 
Documents, 45 cents. 

“Todine, Abstracts and Reviews’ has been prepared 
and published by Iodine Educational Bureau, Inc., 
120 Broadway, New York 5, New York. 

The Sugar Research Foundation, Inc., New York, 
has recently released the sixth in its Technological 
Report Series, “Sugar Derivatives: A Survey of 
Potential Production Costs,’ by Harold E. Brode. 








“Metal Cleaning Bibliographical Abstracts,’ pre- 
pared by Jay C. Harris (Special Technical Publication 
No. 90) has been published by the American Society 
for Testing Materials, 1916 Race Street, Philadelphia 
3, Pennsylvania. 

Buehler, Ltd., 165 West Wacker Drive, Chicago, 
Illinois, has a series of bulletins about grinding ap- 
paratus: ‘Polishing Machines,” ‘Cut-Off Machines 
for the Metallurgical Laboratory,” “Surfacers and 
Grinders,” and ‘Fine Grinding Machines.” 

A new brochure is now available describing the 
greatly expanded facilities of the research and develop- 
ment laboratories of the Franklin Institute of the State 
of Pennsylvania, Benjamin Franklin Parkway at 20th 
Street, Philadelphia, Pennsylvania. 

The New Products Development Department of the 
American Cyanamid Co., 30 Rockefeller Plaza, New 
York City 20, has announced the publication of “Col- 
lective Volume I,” a compilation of data on several 
new chemicals which have become available from the 
company’s research laboratories during the last year. 
Some of the chemicals covered are: aryl biguanides, 
guanylurea salts, beta chloropropionitrile, dialkyl 
cyanamides, glycolonitrile, lactonitrile, succinonitrile, 
and potassium cyanate. 

The National Bureau of Standards, U.S. Department 
of Commerce, Washington 25, D. C., has just issued a 
new handbook, “Safe Handling of Radioactive Iso- 
topes,’’ Handbook 42. 

Shell Chemical Corporation, 500 Fifth Ave., New 
York City 18, has compiled a booklet on “Epichlorohy- 
drin (1-chloro-2,3-epoxypropane).” 

A bulletin by U. 8. Stoneware, Box 350, Akron 9, 
Ohio, on “Tygon Plastic Tubing” is now available to 
those interested in its uses. 

Westinghouse School Service has published a booklet 
called “Teaching Aids,’ which is available by writing 
Westinghouse Electric Corporation, 306 Fourth Ave., 
Box 1017, Pittsburgh 30, Pennsylvania. 

The National Board of Fire Underwriters, 85 John 
St., New York City 7, has a booklet on “Precautionary 
Fire and Explosion Safeguard in the Use of Chlorine 
Dioxide for Industrial Bleaching.” 

Special sensitized plates and films for the scientific 
and industrial laboratory are described in a new, eight- 
page booklet issued by Eastman Kodak Co., Rochester 
4, New York. 

“Vinylite” is the title of a bulletin put out by the 
Bakelite Corporation, 30 East 42nd St., New York 
City 17, on vinyl butyral resins as coating and adhesive 
materials. 

Copies of “Products and Processes’ can be obtained 
by writing Union Carbide and Carbon Corporation, 
30 East 42nd St., New York City 17. This booklet 
describes the principal activities of the five major cor- 
poration groups—Alloys and Metals; Chemical; Elec- 
trodes, Carbors, and Batteries; Industrial Gases and 
Carbide, and Plastics. 

The Hercules Powder Co., Wilmington, Delaware, 
has put out a basic data booklet on nitrocellulose pack- 
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aging and paper lacquers entitled “Packaging and 
Paper Lacquers.” 

“A.S.T.M. Standards on Soaps and Other Deter- 
gents” is the title of a booklet prepared by the A.S.T.M. 
Committee, 1916 Race St., Philadelphia 3, Pennsyl- 
vania. 

“Instrument News” is a quarterly publication of 
The Perkin-Elmer Corporation, 2 West 45th St., New 
York City 19, which is devoted exclusively to the use of 
modern electrooptical instruments in industry. Such 
instruments as the infrared spectrometer, the flame 
photometer, the continuous infrared analyzer, and the 
Tiselius electrophoresis apparatus are discussed. 

A new 16-page catalogue describing the newer syn- 
thetic waxes is now ready for distribution by the Glyco 
Products Co., Inc., 26 Court St., Brooklyn 2, New 
York. This catalogue contains tables giving solu- 
bility, specific gravity, melting point, color, flash point, 
acid value, and use data. 


* Food Sterilized by Eiectrons 


The Aminco Laboratory News announces that food 
can be sterilized, without being cooked or altering its 
flavor by means of a device known as the Capacitron. 
The electrons generated by this machine are aimed 
directly at the reproductive mechanism of bacteria and 
viruses. The electrons are so penetrating that food 
inside of cans can be sterilized very rapidly, and the 
duration of radiation is so short that there is no ap- 
preciable rise in temperature and no change in the 
appearance, odor, or taste of the food after sterilization. 
Capacitron sterilizes bacteria and viruses by its action 
against desoxyribonucleic acid which is believed to be 
a key constituent of genes. 


e Life-Line Motors 


A new squirrel-cage, totally enclosed, type CSP, 
explosion-proof motor is available from Westinghouse 
Electric Corporation. Heavy steel construction is 
used for resistance to corrosive atmospheres. Special 
primer, thermoset varnish, and nitrocellulose base 
finish are used. Prelubricated ball bearings provide 
effective lubrication without attention—no greasing 
program is necessary. 


& Spectroradiometer 


To aid:in the study of fluorescent materials, the 
search for new phosphors, and the design and manu- 
facture of light sources, a new color-sensitive instru- 
ment called a “recording spectroradiometer’” has been 
announced by G. E.’s Special Products Division. 

The new device breaks up a light beam from any 
source into its spectrum, measures the relative spectral 
energy at each wave length, and makes a permanent 
record of the measurements in the form of a graph. 
Theoretically, the recording spectroradiometer is ca- 
pable of making an infinite number of different graphs. 
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e RADIOCHEMICAL EXPERIMENTS IN THE 
PHYSICAL CHEMISTRY LABORATORY COURSE 


As porrep out in an earlier paper (1) describing the 
Lauritsen quartz-fiber electroscope, the low cost and 
simple maintenance of this instrument permit most 
universities and colleges to utilize it for instruction in 
some aspects of radiochemistry and allied subjects. 
Moreover, the availability (2) of pile-produced radio- 
isotopes allows those institutions which do not have 
facilities for the production of such isotopes to engage 
in research and instruction involving radioisotopes. 

Several papers (e. g., 3, 4, 5) and a book (6) have been 
published which give laboratory exercises in radiochem- 
istry, some of which may be included in the physical 
chemistry laboratory course. It is this course which 
many universities will probably find most adaptable to 
the introduction of laboratory work with radioactive 
substances. Indeed, we have found that several radio- 
chemical experiments can be included without appre- 
ciable curtailment of the more conventional laboratory 
exercises. Many radiochemical exercises are possible 
and the selection of such experiments depends upon the 
interests of the instructor and the students and upon 
the time which may be allotted. The experiments out- 
lined below are typical of those which we have found 
suitable and which do not demand excessive time for 
their preparation by the instructor or their execution 
by the students. The basic principles of radiochemis- 
try have been adequately described elsewhere, par- 
ticularly in the excellent book by Friedlander and 
Kennedy (7). ‘National Bureau of Standards Hand- 
book 42” (8) and the laboratory manual of Schweitzer 
and Whitney (6) may be consulted regarding health 
considerations and hazard control. National Bureau 
of Standards Circular 476 (9) will be found helpful as 
a general reference on the measurement of radioactiv- 
Ity. 
DETERMINATION OF HALF-LIVES 

One of the simplest types of radiochemical experi- 
ment is the determination of the half-life of a radio- 


isotope by direct observation of its decay over a period 
of time. The instructor may prepare “unknowns” 


CLIFFORD S. GARNER 
University of California, Los Angeles, California 


consisting of one or two radioisotopes in some stable 
chemical form mounted on labeled cards or aluminum 
plates; an activity of about 0.1—1 division per second 
on the second or third step of a conventional Lauritsen 
electroscope (1) is appropriate, although less activity 
may be used per sample. We find half-lives between 
about one week and four months convenient, inasmuch 
as we give the “unknown” to the student during the 
first week of classes and instruct him to follow the de- 
cay at suitable intervals throughout the semester. The 
observed readings, after being corrected for background 
(taken once each class day by one student assigned on a 
rotating basis to a given electroscope) and for nonlin- 
earity of scale if necessary, are plotted on semilogarith- 
mic graph paper. The student may be required to find 
in a table or chart of isotopes (10-14) those radioiso- 
topes which are compatible with the experimentally 
found half-life, thus acquainting the student with the 
variety and some of the systematics of nuclei. 

This simple experiment may serve to introduce the 
student to the Lauritsen electroscope, the radioactive 
decay law (including decay of a mixture of radioiso- 
topes), and the statistical treatment of data (analysis 
of complex decay curve into components, least squares 
analysis, etc.). The instructor may take up briefly 
in quiz section the determination of half-lives too long 
or too short to be readily measured directly, or this 
material may be provided through reading assign- 
ments. 

Health hazards are negligible in this type of experi- 
ment, provided the samples are covered with cello- 
phane or some other protective covering. 


ABSORPTION AND SCATTERING OF NUCLEAR 
RADIATIONS 


In addition to the determination of the half-life of 
a radioisotope, the identification of the types of emitted 
radiations (principally alpha, negatron, positron, 
gamma, X-ray, bremsstrahlung, Auger electron, and 
neutrino) and the measurement of their energies are of 
great value in the characterization of a radioisotope and 
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in the selection of appropriate devices and conditions 
for detection. Although specialized equipment is re- 
quired for a complete study of such radiations, much 
can be accomplished, both in identifying certain radia- 
tions and in measuring their energies, through the de- 
termination of the extent of absorption of the radiations 
by various thicknesses of absorbing material interposed 
between the radioisotope sample and the detector. 
A good discussion of absorption methods relating to 
beta particles and photons has been given by Glendenin 
(15), whose paper contains range-energy curves for 
betas and energy-half-thickness curves for photons. 

A radioisotope sample may be given to the student 
for absorption analysis with aluminum and lead ab- 
sorbers. Commercial 2S aluminum and quality lead 
sheet and foil in thicknesses from about 1/4 inch down 
to about 0.005 inch may be cut into absorbers and the 
thicknesses calculated from the measured weight and 
area of each absorber.' The corrected electroscope 
activity readings may be plotted against absorber 
thickness, and the range of the beta particles or half- 
thickness of the photons found. Reference to appro- 
priate relationships or curves, such as the Glendenin 
curves, gives the upper energy limit of the betas and 
the gamma or X-ray energies. 

If time permits, such effects as self-absorption, scat- 
tering, and back-scattering of nuclear radiations may 
be investigated. 

This type of experiment is likewise essentially free 
from radioactivity hazards and healti: problems. 


RADIOCHEMICAL SEPARATIONS 


Chemical separations of radioisotope mixtures may 
be carried out if desired. We have found that the 
separation of the thorium daughter, Th?** (UX,), of 
U**8 alpha decay from ordinary uranium salts makes a 
good experiment, inasmuch as substantially no hazard 
is involved, the uranium salts are readily available at 
low cost, the separation is readily carried out by any of 
several simple methods, and activity measurements may 
be made on the separated Th?*‘ to show its decay and 
on the separated uranium fraction to show the growth 
of Th?** back into the sample. 

U**8 is the long-lived parent (half-life = 4.5 x 10° 
years) of the so-called uranium-radium (4n + 2) dis- 
integration series: 


->——————— Pa*#4( UX) 


| 
soft B~ 


Uss nomena Th**(UX,) 24.1d 
4.5 X 10°y 


soft 8~ 


———> Pa**4(UZ) 


A sample if initially pure U?** will “grow” Th?* in it 


1 Calibrated sets of absorbers may be purchased from Radia- 
tion Counter Laboratories, [nc., 1844 W. 21st Street, Chicago 8, 
TIll., and Tracerlab, Inc., 55 Oliver Street, Boston 10, Mass. 
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as the latter is formed from the radioactive disintegra- 
tion of the uranium. It may be shown by mathemat- 
ical analysis and the law of radioactive decay (7) that 
the Th?* will grow back with its own half-life until the 
amount of it present is such that it is disappearing by 
its own disintegration at the same rate as it is being 
formed from the long-lived U?* (this state of affairs 
is termed “secular radioactive equilibrium’’); 7. ¢., 
after’24.1 days one-half the final amount of Th?** will 
be present, after another 24.1 days three-quarters of 
the Th?*4 will have been grown, etc. Generally, a bot- 
tle of a chemically purified uranium compound is suf- 
ficiently old so that the Th?** and Pa”*‘ in it have grown 
into secular equilibrium following the chemical separa- 
tion of the uranium in the process of its production from 
ores. Accordingly, a sample of such a uranium com- 
pound (or metallic uranium) will exhibit alpha, beta, 
and gamma radioactivity. Inasmuch as the U alpha 
particles are filtered out completely by a sheet of ordi- 
nary paper (which has essentially no effect on the beta 
radiation), insertion of a piece of paper between the 
sample and the detector (electroscope, GM counter, 
etc.) will permit measurement of the intensity of the 
beta and gamma radiations from the Th”** and Pa. 
If now the uranium is separated away from the Th**- 
Pa**4 the latter will decay (with the half-life of Th?**) 
since U** is no longer present to replenish the Th**- 
Pa**4, and the separated uranium will grow fresh 
Th*#4-Pa*# in it. Actually, the Th‘ betas are rather 
soft to be detected efficiently under ordinary conditions, 
but since the UX. grows almost instantly from the 
Th**4 its hard beta radiation may be used as a tracer 
for the Th**4. The branching decay of Th*** gives 
UXe primarily, only a small fraction (about 0.4 per 
cent) of the Th?** decaying to UZ. Because of the 
very long half-life of U**4 the decay chain is essentially 
blocked at that isotope for all time periods shorter 
than those of geological magnitude. 

The chemical separation of Th** and Pa**4 from 
uranium may be made by many procedures (16). One 
of the best of these is ether extraction of the uranium 
as uranyl nitrate hexahydrate (UNH), UO2(NOs):-- 
6H.O, from an aqueous nitric acid solution saturated 
with a soluble nitrate such as calcium or ammonium 
nitrate, the thorium and protactinium remaining prin- 
cipally in the aqueous phase (16, 17). The purified 
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uranium can be recovered by washing the ether phase 
with water. Carriers for the Th®** and Pa*™* are not 
required. 

An alternative procedure (16), satisfactory but some- 
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what more time-consuming, involves the fact that an 
iron (III) hydroxide precipitate will act as a “‘scaven- 
ger’ for many substances present in tracer concentra- 
tions (such as the Th**+-Pa”*‘), carrying them out of 
solution. The uranium can be kept in solution as 
a carbonate complex. The UNH is dissolved in 
water, a few milligrams of Fe(III) carrier added and 
dilute NH,OH added in very slight excess to precipi- 
tate “Fe(OH);” and yellow ammonium diuranate 
(NH4)2U2O7. (NH4)eCO; solution is added in excess 
and the mixture warmed to 60°C. for 20-30 minutes; 
the diuranate dissolves to form a carbonate complex 
(perhaps UO.(CO;);--——), leaving the ‘‘Fe(OH);” 
containing the Th**4-Pa?*+, which precipitate may be 
washed with warm (NH,),CO; solution. The filtrate 
and washings may be acidified, Fe(III) carrier added, 
and the procedure repeated. The combined ‘Fe- 
(OH);” precipitates may be dissolved in HNO; and 
reprecipitated as before with NH,OH and (NH,)2COs. 

About 1 to 2 g. UNH is a convenient amount to 
take for the separation. The volumes of solution 
should be kept small for more rapid work. Precipi- 
tates may be filtered onto l-in. diameter filter paper 
dises and mounted on cardboard for activity deter- 
mination as a function of time; solutions may be 
evaporated onto 1-in. diameter watch glasses which 
can be affixed to cardboards for decay measurements. 
Samples should be covered with cellophane or scotch 
cellulose tape to prevent contamination of the detec- 
tors (students should be cautioned to wash all glass- 
ware thoroughly after use and to wash the hands before 
taking activity readings on the samples). These 
samples are best measured on the top step of the elec- 
troscope (1). Students may work in pairs, one of the 
pair fixing, mounting, and measuring the purified 
uranium fraction and the other handling the Th**4- 
Pa**4 fraction. Each sample should be measured about 
once a week throughout the semester. For each sample 
the corrected activity may be plotted on the logarith- 
mic scale and the time in days since the separation on 
the linear scale of semilogarithm paper (e. g., Keuffel 
and Esser paper, No. 358-51, 358-72L, 358-73L, etc.). 
The half-life of the Th*** can be computed from meas- 
urements on the decay of the Th?*4-Pa?*‘ fraction, and 
the half-life for the growth of beta activity back into 
the separated U fraction can be derived from the meas- 
urements on it. 

The growth and decay relationships supplement 
nicely a discussion of the rates of first-order and con- 
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secutive reactions, and analysis of the data provides an 
opportunity for the application of graphical methods. 


OTHER EXPERIMENTS 


Some of the better students may be encouraged to 
undertake some minor research problem of simple 
nature, developing the details of the experiment by 
consultation with the instructor. Problems such as 
determination of solubilities of very insoluble sub- 
stances, coprecipitation phenomena, distribution coef- 
ficients, transference experiments, and other physico- 
chemical measurements may be undertaken with the 
aid of radioisotopes. 
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& PARASITIC DISEASES AND THE CHEMIST* 


Ones of the laws of nature is that living organisms ex- 
ert a pressure to fill every nook and cranny in search of 
food and shelter. They invade not only land, sea, and 
air but also the bodies of other animals. Those forms 
which live on or in the bodies of other animals extracting 
their livelihood therefrom are known as parasites. 
While the term is broadly applied to all plants and ani- 
mals living at the expense of others, the term is more 
frequently restricted to the parasitic protozoans and 
worms. No free-living animal has yet been found 
without its own special parasites; thus, there are at 
least as many different kinds of parasites as there are 
nonparasitic species. Most of these parasites attract 
little or no attention, however, since they do little or 
no damage to their host. 

The so-called perfect parasitic relationship might be 
likened to an armed truce between the host and the par- 
asite. The parasites, while living at the expense of the 
host, dare not create too much havoc or else they find 
themselves without food or shelter. Not all parasitic 
relationships are as benign, however, and where the 
parasite is unusually aggressive or the host unusually 
passive the condition known as disease arises. 

An example of a “perfect’’ versus an “imperfect” par- 
asitic relationship is seen in the protozoan parasite 
Histomonas meleagridis which unknown to most of us 
has played an important role in the economy of the New 
England states. This parasite lives peacefully for the 
most part in chickens, probably because the fowl of to- 
day, which originated in the jungles of tropical Asia, 
and this parasite have been living together for so long 
that natural selection has evolved strains of the two 
which are about equally matched. An ‘individual 
chicken ordinarily develops a resistance to this parasite 
so rapidly that it keeps it in gheck. On the other hand, 
turkeys almost invariably die when infected with this 





* Based on a paper presented at the Eleventh Summer Con- 
ference of the N.E.A.C.T., University of New Hampshire, 
August 23, 1949. 
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parasite, since it develops literally unchecked and com- 
pletely destroys parts of the digestive tract and the 
liver. Evidently this parasite and turkeys, which orig- 
inated in America, have been associated for such a 
short period of time (about 400 years) that a strain of 
turkeys resistant to this parasite has not yet evolved, if 
one ever will. 

The disease in turkeys caused by this parasite is 
commonly known as blackhead, and it has prevented 
turkey raising from becoming a major industry in the 
New England states where it originated. In 1890, 
11,000,000 turkeys were raised in the United States 
while in 1920 only 3,600,000 were produced. This drop 
took place in spite of an increase in population and de- 
mand for turkeys. The reason is considered to have 
been the disease losses to which the turkey man was sub- 
jected, and the chief cause of these losses was probably 
blackhead disease. Even now, with the industry some- 
what recovered, the New England states raise only one 
of every 60 turkeys they use each year. 

At present a large share of the research activities of 
my own group and that of a group of chemists cooper- 
ating with us are devoted to a search for a drug to con- 
trol this disease of turkeys. A solution to this problem 
would revolutionize the turkey industry probably as 
much as did the introduction of incubator hatching of 
eggs. A story of the background, with some of its 
ramifications, leading up to this project will, I believe, 
give some notion of the general principles involved in a 
search fora new drug. This story winds its way through 
studies on malaria, a disease of man with which every- 
one is familiar, and coccidiosis, a parasitic disease of 
chickens which, though of primary importance to 
poultry men, may be unfamiliar to most persons. 

Shortly after sulfanilamide was introduced to human 
medicine with such spectacular results about 10 years 
ago, it was tried in infections of domesticated animals 
including coccidiosis of poultry. Sulfanilamide had 
some effect in this infection. Shortly after this a phar- 
macologist, Dr. E. K. Marshall, who was anxious to 
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apply the sulfonamides to the treatment of bacillary 
dysentery argued that since the bacteria causing the 
trouble were found within the intestine the ideal drug 
would be one that stayed there rather than being too 
readily absorbed by the body. Studies in mice indi- 
cated that sulfaguanidine was such a drug and it was 
subsequently found to be effective in the treatment of 
bacillary dysentery in man. 

This postulation attracted the attention of several in- 
vestigators in veterinary medicine who thought the 
same reasoning should apply to coccidiosis in chickens, 
which is a parasitic disease of the intestine or its 
branches known as the ceca. When tried, sulfaguani- 
dine was found to be so effective that it soon appeared 
on the market and was widely used for many years, and 
still is, effecting a large reduction in the estimated ten 
per cent loss suffered by the poultry industry each year 
from coccidiosis. 

During the war while concentrating on malaria, the 
No. 1 disease problem of our troops in the tropics, par- 
ticular attention was given to a study of the sulfanila- 
mide derivatives for two reasons. The first was that 
we had the good fortune to be working with a group of 
investigators who had specialized in the chemistry of 
the sulfanilamide derivatives for several years; and, 
secondly, because it had been shown that this group of 
drugs did something in experimental malaria that none 
of the antimalarials known then, such as quinine, ate- 
brin, or plasmochin, would do. Up to that time it had 
been generally accepted that the malarial parasites 
dwelt only in the red blood cells, but recent research 
had shown that they may also dwell in certain of the 
tissue cells and, in fact, must pass through this stage 
after being injected by the mosquito before they can 
enter the red blood cells. The sulfonamides were shown 
to attack the stages in the tissues, while-the other known 
antimalarials were active only against the parasites in 
the red blood cells. If a sulfonamide was administered 
each day to a chicken which had been bitten by infected 
mosquitoes malaria was completely prevented. Thus, 
it was hoped that the same thing might occur if a soldier 
exposed to malaria were to take the right sulfonamide 
in the proper amount each day. 

Unfortunately, the sulfonamides failed to have any 
practical application in malaria, but much that had 
been learned about them in the malaria studies has 
been transferred to coccidiosis where the sulfonamides 
have played an extremely important role. 

For example, my colleague, Dr. Waletzky, suspected 
that the premises for the activity of sulfaguanidine in 
coccidiosis were false. In the first place, contrary to the 
situation in mice and men, sulfaguanidine is quite read- 
ily absorbed into the blood and tissues of chickens and, 
in the second place, the coccidial parasite dwells for the 
most part in tissue ceils of the intestinal wall rather than 
free in the lumen of the intestine. Dr. Waletzky sug- 
gested that the action of sulfaguanidine might actually 
be dependent upon the drugs being absorbed, and that 
if such were the case, some of the other sulfonamides 
should be more useful in treating this infection since 
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they result in better blood levels per unit of oral dose. 
After carefully standardizing the laboratory infections 
of coccidiosis so that quantitative comparisons of drugs 
could be made, Dr. Waletzky found, just as he had sus- 
pected, that the activity of the sulfonamides in coccid- 
iosis was completely correlated with blood levels. 
From this he selected sulfamethazine as being the most 
economical of the readily available sulfonamides for 
the treatment of coccidiosis, and this drug was soon 
widely accepted in the poultry industry. Thus, the 
practical results confirmed the value of the laboratory 
observations and speculations. 

Even though the sulfonamides have been quite suc- 
céssful in coccidiosis, it was felt that a better drug could 
be found. The methods of using the sulfonamides for 
controlling outbreaks of coccidiosis were somewhat 
cumbersome as far as the poultry man was concerned. 
Also, before he realized that medication was called for, 
he would have already suffered some losses which con- 
tinued until the medication was actually started and 
took effect. A drug which could be administered con- 
tinuously as a preventive would seem to be the answer 
to this problem. Since there were no leads whatsoever 
to this type of drug, it was necessary to resort to a tech- 
nique known as screening, which is simply the testing of 
large numbers of chemicals in a standardized fashion 
until one is found which exhibits activity against the 
infection in question. Such a compound is known as a 
lead, and the success of a screening program depends in 
large part on what is done to follow up such a lead. 
Related chemical compounds are prepared by the chem- 
ists and tested by the biologist until the member of the 
series with the best all-around properties is discovered. 
Drug screening was practiced extensively in Germany 
between World War I and World War II in a search for 
better antimalarials and led to the development of such 
notable drugs as atebrin and plasmochin. During 
World War II, a remarkable cooperative program in 
this country and England “screened’”’ over 13,000 com- 
pounds for antimalarial activity and developed palu- 
drin, chloroquin, and pentaquin. In addition, a number 
of other types of compounds were found to be active 
against the bird malarias used in the laboratories. 
When tested against human malaria they failed to be 
practical for one reason or another, but it can be hoped 
that the activity demonstrated against avian malaria 
may carry over to some other type of infection. 

Drug screening in coccidiosis led to a compound 
known as nitrophenide (bis-(m-nitropheny])disulfide) 
which would seem to date to possess those features nec- 
essary for a drug that is to be used continuously for pre- 
vention. It is highly active, inexpensive and safe at the 
recommended doses. In fact, it seems possible that 
such a drug may come to be incorporated as a standard 
ingredient in all chicken feeds and will prevent coccidi- 
osis just as vitamin D in chicken feeds now prevents 
rickets. 

Those compounds which had demonstrated activity 
in the malaria and coccidiosis screening programs but 
which had not proved practical in actual application 


were set aside as possibilities for early trials in other in- 
fections. About 23 different structural types of com- 
pounds from this group were tested in blackhead infec- 
tion in turkeys. One of these proved to be sufficiently 
active to justify an intensive program of synthesis of 
related compounds. The best member of this series of 
compounds has been selected and subjected to extensive 
laboratory trials both for efficacy in treating blackhead 
infections and safety of use. Enheptin-T (registered 
trade-mark), as this drug is called, has likewise been 
submitted to field trials with such promising results that 
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it would seem desirable to make the material available 
to the turkey raiser as soon as possible. However, there 
is no reason to believe that this is the best drug that can 
be found for use in preventing or treating blackhead 
disease in turkeys. Actually, the initial success in this 
field simply opens up another chemotherapeutic project, 
which will require the closest cooperation between biol- 
ogists and chemists for a number of years, to bring it to 
its successful conclusion of providing the best and 
cheapest drug to control another one of the diseases 
confronting mankind and his domesticated animals. 


Kecent- Sooke 


e SCIENTIFIC AUTOBIOGRAPHY AND OTHER PAPERS 


Max Planck, Translated from German by Frank Gaynor. Philo- 
sophical Library, New York, 1949. 192 pp. 13.5 X 21 cm. 
$3.75. 


AFTER his death in 1947, several related articles and lectures 
written by Max Planck were collected and, prefaced by the 
memorial address delivered by Max von Laue, were translated to 
make this book. Its nature is well indicated by the table of 
contents: A Scientific Autobiography, Phantom Problems in 
Science, The Meaning and Limits of Exact Science, The Concept 
of Causality in Physics, Religion and Natural Science. 

Besides being an absorbing first-hand account of Planck’s 
discovery of his famous constant, the first paper contains a 
number of arresting observations, such as: “A new scientific 
truth does not triumph by convincing its opponents and making 
them see the light, but rather because its opponents eventually 
die, and a new generation grows up that is familiar with it.” 

In the second article one of the “phantom problems” Planck 
discusses is the conflict between science and religion. Here he 
is not clear because he does not define what he means by religion. 
Although the Christian church has been at odds with science, it 
ought to be plain to anyone who reads the Gospels and the history 
of early Christianity that the church as it exists today in all its 
branches is more at odds with its own founder. 

Following Jesus, who with marvelous insight told his friends 
not to pray in public, the early church had no church buildings, 
no paid ministry, no ritual, but met in the homes of its members 
for mutual instruction in the Kingdom of God. To Jesus a 
man’s religion was his attempt to live as a citizen of God’s 
Kingdom, an idea that can remake the world, but which the 
church has neglected for the very thing that Jesus condemned 
most emphatically. 

Planck, failing to inform himself sufficiently before writing 
on this subject, concludes that although the aims of science and 
religion are similar, their methods are incompatible. 

But Jesus, in advocating a practical way of life, asked us to 
try the experiment to find out if it works—the scientific method. 
The method of Jesus and the scientific method are actually the 
same. With atomic annihilation confronting us, the time has 
come to try the experiment of living as citizens of the universe. 
Certainly history has shown us that the attempt to live as frag- 
mented worshippers of the state, mammon, church, and science 
does not work. 

In the third and fourth essays the significance of the changes 
in physics for philosophy and religion is challengingly inter- 
preted. For example, on pages 92 and 93, Planck reminds us 
that every fundamental discovery increases the element of the 


wondrous in our picture of the universe, ‘‘...and he who has 
reached the stage where he no longer wonders about anything, 
merely demonstrates that he has lest the art of reflective reason- 
ing.” 

After such statements Planck’s arbitrary dismissal in the last 
paper of the Christian’s faith in the resurrection of Jesus comes as 
a surprise. If we accept the dictionary definition that a miracle 
is an event which cannot yet be explained, the denial of miracles 
by a follower of a science which could not even explain the energy 
radiation of the sun until a few years ago is hardly justified. 
Up to the discovery of nuclear energy the existence of the sun 
was a miracle! And no one can really explain such simple things 
as why we do not fall off the earth or why a magnet attracts a 
piece of iron. Perhaps a more humble and more scientific 
attitude would be: ‘‘We neither deny nor affirm until we have 
tried the experiment Jesus asks us to try.” 


W. F. LUDER 
NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


* FREEZE-DRYING 


Earl W. Flosdorf, F. J. Stokes Machine Co., Philadelphia. 
Reinhold Publishing Corp., New York, 1949. vii + 280 pp. 
63 figs. 19tables. 16 X 23.5cm. $5. 


Few people seem to be aware of the nature of the freeze-drying 
process, and of the fact that its industrial development occurred 
in the nick of time to make possible the wide distribution of 
serum, penicillin, and other biologicals which saved so many 
lives during the war. This book, by one of the leaders in that de- 
velopment, gives, in very complete and readable form, the 
history of the process, the fundamental principles on which it is 
based, its applications, both those already in use and those which 
show possibilities for the future, and the various types of equip- 
ment available for its utilization, both on a laboratory and a 
plant scale. 

As the author points out, the idea of freeze-drying was inherent 
in Wollaston’s cryophorus, first exhibited in 1813. It was not 
until the early years of the present century that any significant 
attempt was made to apply the process to the preservation of 
very labile biologicals. The early attempts were either abortive, 
or so time-consuming as to render industrial development out of 
the question. The early workers were obsessed with the notion 
that the frozen mass must be kept in cold surroundings during the 
vacuum sublimation of the ice, completely neglecting the well- 
known fact that the heat of sublimation of the ice must be pro- 
vided by the surroundings. Not until the 1930’s was it realized 
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that the frozen mass could be heated during sublimation, without 
melting, the heat provided being utilized so rapidly at the evap- 
orating surface of the ice that the temperature of the frozen 
mass might still be retained at such a temperature as —20°C. 
This application of heat shortened the time required for the re- 
moval of the ice from days to hours, and was the n step in 
making the process practical. A rapid development followed and 
is continuing. 

Freeze-drying, the author shows, is applicable to various food- 
stuffs, although its expense—relatively minor in the preparation 
of high cost biologicals—becomes a seriously inhibiting factor. 

A thorough bibliography is appended to each chapter, a patent 
list is given, and, in an appendix, work done on the process at 
M.I.T. during the war is summarized, and the use of freeze-drying 
in the preparation of anatomical specimens is described. 

The book can be recommended to all who are involved in re- 
search on biologicals, to all who are interested in a development 
which made possible the widespread use of serum, plasma, peni- 
cillin, and the like, and to those actually applying the process in 
industry. Chemists with imagination may also perceive possible 
applications to the isolation of unstable compounds or to the 
crystallization of those which tend to resist that procedure. 


J. E. CAVELTI 
ALLEGHENY COLLEGE 
MEADVILLE, PENNSYLVANIA 


* PRINCIPLES OF ORGANIC CHEMISTRY 


James English, Jr., and Harold G. Cassidy, Associate Pro- 
fessors of Chemistry, Yale University, New Haven, Connecticut. 
International Chemical Series. McGraw-Hill Book Co., Inc., 
New York, 1949. xiii+5l2pp. Lmustrated. 16 X 24cm. $5. 


Tuts textbook for a year course in organic chemistry is written 
from a somewhat more theoretical point of view than are most 
similar texts. The terms electrophilic and nucleophilic are in- 
troduced early and used repeatedly. Possible mechanisms of 
reactions are mentioned frequently. In fact, a slightly theoretical 
point of view is maintained throughout, even though the subject 
matter as a whole is pretty much what we have come to expect. 

The book opens with a short introductory chapter, largely of a 
theoretical nature. It is less extensive in scope than similar 
sections in texts that have long been well known. But whereas 
some of these sections have been little more than introductions 
to a traditional treatment of organic chemistry that from there 
on differed little from the presentation used for decades, this 
textbook uses constantly and even expands the limited theoretical 
material with which it opens. 

The following six chapters (106 pages) are devoted to the 
hydrocarbons, including aromatics. Chapters 8 to 19 cover 
simultaneously the aliphatic and aromatic members of the 
various common functional classes, starting with alcohols and 
phenols and ending with amino acids. Chapter 20, ‘Color and 
chemical constitution,” is quite brief and draws the illustrative 
material largely from the field of quinones. Chapters 21 to 24, 
“Stereoisomerism,” ‘Carbohydrates: the sugars,” ‘Macro- 
molecules: polysaccharides, proteins, and plastics,’ ‘Topics 
in biochemistry,” are adequate but, except for the sugars, rather 
brief. 

The authors have wisely taken the stand that since this is a 
textbook and not a reference book, it should not contain more 
material than can reasonably be covered in a year course. Any- 
one, therefore, is likely to find some of his pet subjects missing. 
For the most part, however, the important basic material is 
certainly presented, the pruning having been done largely on the 
special topics type of material. As interesting as such material 
is, there is no real reason why an elementary organic chemistry 
textbook must contain extensive sections on natural and«syn- 
thetic drugs, alkaloids, dyes, hormones, vitamins, terpenes, 
heterocyclic compounds, and sterols. 

There are many excellent references, pertinently and con- 









cisely annotated. As usual, some will be useful mainly to the 
teacher, but many are suitable for student reading. 

The exercises are unusually numerous and seemingly very 
carefully compiled. The reviewer has long believed that most 
organic chemistry texts have been deficient in this respect. 
Students learn best by practice, and: practice is more efficient 
when guided. Many of the exercises are of types commonly 
used in courses in qualitative organic analysis. It is questionable 
how much the average student in a first year course can profit 
by some of these. The emphasis on this kind of exercise may be 
advantageous in courses with laboratory work consisting to a 
considerable extent of identifying organic compounds and sepa- 
rating mixtures of them. It will be less helpful and Jess meaningful 
in courses where the laboratory work consists largely of prepara- 
tions. 

The authors deserve congratulations for having produced a 
book that is relatively free of errors. A fair proportion of those 
spotted by the reviewer were in connection with systematic 
nomenclature, the treatment of which, incidentally, often seems 
inadequate. Since the large-scale industrial utilization of such a 
process must be well known to the authors, it is interesting to 
speculate on what they might have had in mind when they wrote 
the statement on page 181, “Direct halogenation. Not appli- 
cable in aliphatic series.” Unfortunately, there seem to be no 
statements elsewhere in the book that would clearly correct the 
erroneous impression that this is sure to make upon the student. 

This book should be seriously considered by any teacher who 
wants a rigorous presentation of the fundamentals of organic 
chemistry from a somewhat theoretical point of view without too 
many frills, and who does not object to teaching aliphatic and 
aromatic compounds simultaneously. 


LAWRENCE H. AMUNDSEN 
University OF CONNECTICUT 
Srorrs, CoNNECTICUT 


a ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY. 
VOLUME IV: CINEOLE TO DEXTROSE 


Edited by Raymond E. Kirk and Donald F. Othmer, Professors 
and Heads, Departments of Chemistry and Chemical Engineering, 
respectively, at the Polytechnic Institute of Brooklyn. Assistant 
Editors, Janet D. Scott and Anthony Standen. The Inter- 
science Encyclopedia, Inc., New York, 1949. xvi + 969 pp. 
19 X 27cm. $20. 


THE index letter “‘C’”’ finally ended with a discussion of cyclo- 
hexanol and cyclohexanone; a total of 1947 pages devoted to 
this one index letter. As mentioned previously, because of the 
high quality of the articles no one will object to an increased 
coverage or increased number of volumes over the ten that were 
scheduled for the set. 

Some of the longer sections in Volume IV are: citric acid, 
clays, coal, coated fabrics, industrial coatings, cobalt and its 
compounds, coffee, colloids, color, colorimetry, columbium, con- 
ductometry, confectionery, conveying, coordination compounds, 
copper and its alloys and compounds, corrosion, cosmetics, cot- 
ton, cottonseed, crystallization, crystals, cyanamides, cyanides, 
cyanine dyes, cyclohexane, dairy products (73 pages), data— 
interpretation and correlation, density, dental materials, deter- 
gency, and dextrose. 

The section on Data—lInterpretation and Correlation by Prof. 
D. F. Othmer is particularly noteworthy. For the first time his 
method of making reference substance plots, which has been ap- 
pearing as journal articles since 1940, is gathered into one article. 

The wide variety of topics covered in.E. C,.T. becomes more 
impressive as the volumes increase in number, so that their utility 
and need by students becomes greater. The library in the small 
college cannot afford to be without this set, for it will serve a 
large group of reference users. 


KENNETH A. KOBE 
University or Texas 
Avastin, Texas 
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® INTRODUCTION AL ESTUDIO DE LA QUIMICA 
NUCLEAR 


Juan Sancho Gomez, Professor of Physical Chemistry, Murcia 
University, Spain. Pulicaciones de la Universidad, Murcia, 1948. 
x.+ 292 pp. 67 figs. (and plates). 17.5 X 24.5 cm. 


* Tuts book is based on a series of lectures given at the Murcia 
University to which have been added bibliographic notes and a 
table of isotopes. Dr. Sancho states that there is to date no 
adequate book in Spanish on nuclear chemistry, the only infor- 
mation available in Spanish being in chapters of books of a more 
general nature or in journals. 

Dr. Sancho has developed his subject with the aim of providing 
students, graduate chemists, and scientists who are not special- 
ists in nuclear chemistry, with exact information about the 
state of knowledge in this fundamental field of science. The 
book is divided into eleven chapters and an appendix. The fol- 
lowing subjects are discussed: constitution of matter; nuclei, 
isotopes, and their separation; detection and acceleration of 
particles; natural radioactivity; qualitative and quantitative 
study of different particles; different types of nuclear reactions; 
the theory of nuclei; table of isotopes; and the atomic bomb. 

In his explanations, Dr. Sancho avoids wherever possible 
mathematical derivations, and the contents can be comprehended 
by any student who has a general background in chemistry and 
physics. The information of the book is up to date and bib- 
liographic notes include 1947. It should be a very good text- 
book in Spanish for university students. 


CARLOS R. PIRIZ MAC-COLL 
Nationat Bureac or STanparps, WasHIneGToN, D. C. 
University or Montevipge0, Montevipg£o, Urvavay 


® PHYSICAL METHODS OF ORGANIC CHEMISTRY, 
PART Il. TECHNIQUE OF ORGANIC CHEMISTRY, 
VOLUME I 


Edited by Arnold Weissberger, Research Laboratories, East- 
man Kodak Company, Rochester, New York. Interscience Pub- 
lishers, New York, 1949. Second edition. xi + 1073-2096 pp. 
352 figs. S8tables. 15.5 X 24cm. $12.50. 


In Pant II of the second edition of Weissberger’s series, one 
new chapter on electrophoresis has been added and a section of 
another chapter on turbidimetry. The remainder of the aug- 
mentation of Part II consists in making this book a better second- 
ary source of information on methods and apparatus than the 
first edition was. In this the authors of the various chapters have 
succeeded. The reader is treated as an intelligent beginner in 
the various fields and the discussion is complete enough so that 
he may then proceed to the original literature without further 
reading. (For reviews of the first edition and the first part of the 
second edition, see TH1s JoURNAL, 24, 51 (1947); 27, 172 (1950). 

Whether an organic chemist will wish to buy a second edition 
coming so soon on the heels of the first will in part be determined 
by his interest in the fields in which big changes have taken place. 
These are reflected by correspondingly greater additions to the 
respective chapters in the new edition. The chapters on the 
following subjects are changed only by addition of new ref- 
erences or by fewer than three pages of added text: X-Ray 
Diffraction, Electron Diffraction, Colorimetry, Photometric 
Analysis, Fluorimetry, Polarimetry, Conductometry, and 
Polarography. Three chapters—Refractometry, Potentiometry, 
and Magnetic Susceptibility—have been increased by about 
seven pages, the first mainly on deviations of additivity caused 
by electronic interactions, the second by additions of examples 
and interpretation of titration curves, and the third by an ex- 
pansion of Gouy’s method of measurement. The literature on 
radioactivity and mass spectrometry has been released in 
such volume since the first edition (1946) that fully two- 
thirds of the journal references to these two chapters are 
new. The sections on measurements of hard and soft beta rays 
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are considerably enhanced. The chapter on spectroscopy and 
spectrophotometry is made 70 pages longer by a new section on 
light sources for visible and ultraviolet radiation, more on objec- 
tive spectrophotometry, about 29 pages more on infrared, in- 
cluding 10 pages on thermopiles and bolometers, and more on 
Raman spectra. The subject of dipole moments is doubled in 
length to bring into the text more details, especially on bridge, 
resonance, and heterodyne beat methods of measuring dipole 
moments. The new chapter on electrophoresis contains a good 
description of the Tiselius apparatus and a substantial outline 
of its ‘ise in organic chemistry, including warnings against some 
of the pitfalls of interpretation. 


LEALLYN B. CLAPP 
University of WISCONSIN 
Mapison, WIsconsin 


* ACETYLENE AND CARBON MONOXIDE CHEMISTRY 


John W. Copenhaver, Central Research Laboratory, General 
Aniline and Film Corp., Easton, Pennsylvania, and Maurice H. 
Bigelow, Plaskon Division, Libbey-Owens-Ford Glass Co., 
Toledo, Ohio. Reinhold Publishing Corp., New York, 1949. 
xvi + 357 pp. Illustrated. 16 X 23.5cm. $10. 


Tuts book is a connected summary of the mass of detailed and 
repetitious reports of the development of the chemistry of acety- 
lene under pressure in the laboratories of the I. G. Farbenindustrie 
under the direction of Walter Reppe. It is valuable because the 
writers are experts in the field and some attempt has been made 
to present the material critically. The chapters on vinylation, 
ethinylation, and cyclopolyolefins are relatively complete because 
most of the work on these reactions has been reported only in 
government technical reports or in patents of the I. G. Farbenin- 
dustrie. The chapter on handling acetylene under pressure is 
very valuable, but might have been even more so if all other 
references on the subject had been included. The new German 
work on reactions of acetylene at atmospheric pressure and on 
homologues of acetylene was not extensive and the corresponding 
chapters are very brief. This is not disadvantageous because 
critical reviews of these subjects have been published elsewhere. 

The section on carbon monoxide chemistry is a single chapter 
(fifty-three pages) describing the reactions of carbon monoxide 
with acetylene and with olefins in the presence of metallic car- 
bonyls and carbony!] hydrides to form acids, alcohols, and car- 
bonyl compounds. No mention is made of the extensive chemis- 
try of carbon monoxide developed outside the I. G. Farbenindus- 
trie and Ruhrchemie. 

This book is written in an interesting manner and should be of 
considerable value to industrial chemists. While it will hardly 
be useful as a textbook, most organic chemists will find it inter- 
esting to read, and all reference libraries should have it since the 
material it covers is not otherwise readily available. It is to be 
regretted that omission of authors’ names in the references and 
lack of identification of the titles in the general bibliography make 
these of less value than they otherwise would have been. 


THOMAS L. JACOBS 
UNIversiTy OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


* TITANIUM 
Jelks Barksdale, Alabama Polytechnic Institute, Auburn, Ala- 


bama. The Ronald Press Co., New York, 1949. xii + 591 pp. 
15 figs. 23 tables. 16 X 24cm. $10. 


A BOOK on titanium has Jong been overdue, yet this ee 
treatise by Dr. Barksdale appears just before a real knowledge of 
the properties of metallic titanium and the high titanium alloys is 
imminent of achievement. So far as the metal itself is concerned, 
this book has little to contribute to metallurgists in the 
development of titanium as the “metal of the future.” For the 
chemistry of titanium, the mineralogy and recovery from ores, 
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and the titanium dioxide pigment industry, on the other hand, 
the treatment is very competent and exceedingly well docu- 
mented. There are 2232 references to the literature and patents. 

Titanium is ninth in abundance, 0.629 per cent, among the ele- 
ments making up the earth’s crust, being exceeded only by O, 
Si, Al, Fe, Mg, Ca, Na, and K. It is, thus, more abundant than 
the metallic elements, Mn, Ba, Cr, Zr, and Ni, which are present 
in the order of 0.1 to 0.02 per cent and much more common than 
Cu, Zn, Pb, and Co, which occur in amounts less than 0.01 per 
cent. It is greatly in excess of Sn, Sb, Cd, Hg, Bi, Ag, which are 
familiar to every chemistry student, even though they fall below 
0.001 per cent. Influenced partly no doubt by schemes of quali- 
tative analysis, which traditionally have ignored titanium, chem- 
sist have grown up to feel that titanium is one of the “less familiar 
elements,” which indeed it has been. Titanium is now coming 
into prominence and as the “Cinderella of the elements” will 
take its rightful place. 

A glance at current issues of engineering journals reveals the 
steadily increasing attention being given to metallic titanium, 
yet commercial production of this element as a structural mate- 
rial has not yet been established. A tremendous amount of 
research is in progress and rapid developments can be expected. 
Because of its unique combination of light weight, high strength, 
and corrosion resistance, this abundant metal will find increasing 
industrial and military applications. Chemists will be called 
upon to become familiar with its properties and could turn to no 
better source than the comprehensive book under consideration. 
Its appearance is timely. This book is recommended as a very 
adequate and well-written treatise that should be in every refer- 
ence library. 


LAURENCE §8. FOSTER 
BELMONT, MASSACHUSETTS 


* IONIZATION CHAMBERS AND COUNTERS: EXPERI- 
MENTAL TECHNIQUES 


Bruno Rossi, Professor of Physics, Massachusetts Institute of 
Technology, and Hans H. Staub, Professor of Physics, Stanford 
University, McGraw-Hill Book Co., New York, 1949. xviii + 
243 pp. 140 figs. Stables. 16 X 23.5cm. $2.25. 


Tuis is one of the first volumes of the National Nuclear Energy 
Series, a large undertaking proposing to describe the work and 
experience gained under the Manhattan Project, later the Atomic 
Energy Commission. This particular volume is a cohesive 
account of the indicated subject, developing first of all the 
basic principles upon which counters and ionization chambers 
operate and giving in graphical and tabular form much funda- 
mental data upon which design may be based. It is not a catalog 
of instruments and techniques which have been found useful. 
However, it describes representative instruments covering a 
wide range of nuclear measurements and these are well illus- 
trated by a large number of drawings and photographs. 

The book seems to be intended particularly for the experi- 
menter who in the course of his work must design special equip- 
ment for his particular needs. To be sure, one may find described 
the exact instrument for his purposes, but this would appear to be 
incidental to the main goal of the authors. The subject matter 
is also largely restricted to the function of the detecting chamber 
or counter, as the title would imply, and includes such subjects 
as amplifiers only incidentally. 

The first four chapters, covering 100 pages, are devoted to 
fundamentals of ionization and the principles of detection. 
Succeeding chapters deal more specifically with detectors for 
beta-rays, gamma-rays, X-rays, alpha-particles, neutron recoils, 
fission recoils, and others. The longest single chapter is con- 
cerned with the determination of neutron energies by measuring 
hydrogen recoils from elastic collisions, an objective of some 
difficulty which is probably not adequately described elsewhere. 
Individuals may find that their particular sphere of interest is 
dealt with in less detail than they would wish. 

All in all, this volume is probably the most useful account of 
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the subject that has appeared to date, and should prove valuable 
to any research worker who feels he wishes to understand his 
counting instruments and more particularly for anyone who must 
design special instruments. 


I, PERLMAN 
Untversiry or CALIFORNIA 
Berxevey, CALIFORNIA 
ro THERMODYNAMICS. AN ADVANCED TREATMENT 


FOR CHEMISTS AND PHYSICISTS 


E. A. Guggenheim, Professor of Chemistry, Reading University. 
Volume II of Monographs on Theoretical and Applied Physics. 
Edited by H. B. G. Casmir, Director of the Philips Laboratories, 
Eindhoven, and H. Brinkman, Head of the Research Department 
of N. V. Kema, Arnhem. North Holland Publishing Company, 
Amsterdam, Interscience Publishers, Inc., New York, 1949. xxii 
+ 394 pp. 37 figs. 19 tables. 18 X 26cm. $6.50. 


AurHovues this book contains no reference to Guggenheim’s 
“Modern Thermodynamics by the Methods of Willard Gibbs” 
published in 1933, it is essentially a matured revision of his earlier 
book grown to about twice the size. The chief differences are: In 
place of a final chapter on the third law, the statistical mechanics 
of one-component crystals and perfect gases is introduced in the 
second chapter and used frequently thereafter; the treatment of 
surfaces is divided among several chapters; the five chapters 
on non-electrolyte solutions are regrouped into four; and two 
new chapters are added on electrostatic systems and on magnetic 
systems. 

This is a very personal book which might almost have the sub- 
title “Pride and Prejudice.’’ Other writers are repeatedly chided 
for some infraction of the Guggenheim rules, usually for using 
some word in a sense not approved by him. Yet he uses “absolute 
activity” for more than a hundred pages before he explains that 
it is even worse than the “misleading” absolute entropy. He mis- 
appropriates Hildebrand’s term “regular solutions,” which should 
describe only the entropy of mixing, and corrupts it to denote also 
a very specialized enthalpy relation. 

It is hard to name a group which will find this book very useful. 
The advanced student will be bored with the duplicate derivation 
of so many relations, once in terms of the chemical potential, y, 
and once in terms of the “absolute activity,” , defined by the re- 
lation RT In} = yw. Many of these duplicate derivations are re- 
peated several times: for “systems of two non-reacting compo- 
nents,” for “systems of several non-reacting components,” for 
“systems of chemically reacting species,” and for “electrolyte 
solutions.” This repetition will add to the boredom of the ad- 
vanced student and to the confusion of the beginner. The very 
polished treatment glosses over or avoids the difficulties of the be- 
ginner and therefore gives him but little hélp in solving them. 
The illustrations are usually very simple cases which can be 
treated in terms of the expanded third law, and there is too little 
discussion of applications for which even the advanced student 
can use help. 

Standard and reference states are confused rather than clari- 
fied. It is true that the treatment of G. N. Lewis was developed 
for a rather narrow range and leads to ambiguity when the range 
is extended. Many alternatives have been proposed, some pref- 
erable to those of Guggenheim. The student should be taught 
that thermodynamics deals with differences, that the number of 
differences to be considered can be reduced greatly by the use of 
reference states, that the magnitude of the differences can be re- 
duced by the use of deviation functions, and that the choice of 
reference states and of deviation functions is entirely a matter of 
convenience, which should not be allowed to reduce the accuracy 
of any calculation. Then he can use any set of reference states 
and deviation functions or invent his own for any special problem, 
and there is no need to discuss the petty advantages of any sys- 
tem. 





The discussion of real systems is often more misleading than 
helpful. The author presumes to generalize that a given formula 
may be trusted below a given concentration but not above it, his 
statements in justification are often contrary to experimental 
evidence, or even deny the existence of such evidence, and he 
seldom mentions more thorough theoretical treatments. The 
references, described as “copious,” are really very inadequate. 
Two outstanding examples are the discussions of the second vir- 
ial coefficient of a gas in Chapter IV and of the interionic attrac- 
tion theory in Chapter IX. Although tables of standard enthal- 
pies and entropies are mentioned, and a source to the former is 
cited, no indication is given that tables of standard chemical po- 
tentials (free energies) exist or that they are extremely useful. 

The important thermodynamic relations are, I believe, all 
given, and the difficulty of finding them is not increased enor- 
mously by the lack of an index. It is interesting to be shown that 
other functions than those of Gibbs are sometimes more conven- 
ient. It is surprising, however, that Guggenheim does not recog- 
nize that one of the advantages of Lewis’ treatment is that Ina = 
(u — uo)/RT is dimensionless, and that similar dimensionless ex- 
pressions for S/R, F/RT, etc., have great advantages. 

The treatment of surfaces is less different from Gibbs than the 
discussion indicates. The important difference is in the treatment 
of surface concentrations. Gibbs’ method of fixing a surface so 
that the surface concentration of one component is zero is analo- 
gous to distinguishing one component as solvent in a bulk phase. 
It seems to me less arbitrary than the method used by Guggen- 
heim of counting as surface everything in a film of arbitrary 
thickness. Certainly Gibbs has the advantage of giving the ad- 
sorption at liquid-liquid interfaces and at liquid-vapor interfaces 
in polycomponent systems. 

The special chapters on “gravitational field,” ‘electrostatic 
systems,” and “electromagnetic systems” are very good. The 
“digression on statistical thermodynamics” is beautifully done. 
The chapter on “electrochemical systems” seems to me the best 
in the book and a really important contribution, but there might 
have been some mention of pH. f 


GEORGE SCATCHARD 
Massacuuserts Institute or TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


* LUMINESCENT MATERIALS 


G. F. J. Garlick, University of Birmingham, Birmingham, England. 
Oxford at the Clarendon Press, London, England, 1949. viii + 
254 pp. 127 figs. 15 tables. 14 X 23 cm. $5.50. 


GARLICK’s book is a very competent account of the state of our 
present knowledge of the luminescence processes in solids. The 
first three chapters, comprising almost one-half of the book, offer a 
well-coordinated presentation of the concepts employed in lumi- 
nescence, the mechanisms of luminescence in solid inorganic phos- 
phors, and a survey of the properties of the various classes of in- 
organic luminophors. These chapters will be of especial value to 
the beginner seeking a well-balanced and clear exposition of the 
subject; yet, at the same time, they provide the specialist in the 
field with a worth-while summary of data on most of the inorganic 
luminescent systems that have been investigated. 

A more thorough analysis of luminescence processes is found in 
succeeding chapters devoted to a detailed discussion of the proper- 
ties of zinc sulfide luminophors; the electrical properties of phos- 
phors, including photoconductivity and dielectric changes during 
Juminescence; and the response of phosphors to infrared radiation. 
A great deal of the most important recent work on phosphors— 
much of it done in the author’s laboratory—is presented and dis- 
cussed in these chapters. 

A separate chapter is devoted to cathodoluminescence, which is 
of such practical importance in television and radar. Data on 
luminescence efficiency and decay time as a function of operating 
conditions are presented as well as discussions of the secondary 
emission characteristics of phosphors and of the penetration of 
electrons into solids. The author stresses the point that theoreti- 
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cal interpretation of cathodoluminescence has been hindered by 
the fact that the data have been taken on microcrystalline pow- 
ders, and that such studies should be made on singie-crystal 
material. The study of photoluminescence has, of course, been 
similarly handicapped and it would be profitable to work with 
single crystals of phosphors in all investigations of their proper- 
ties. 

A chapter on the luminescence of organic materials, both solids 
and solutions, considers the relation of luminescence to molecular 
structure, and takes up polarization of fluorescence, quenching, 
photechemical sensitization, and the phosphorescence of adsorbed 
molecular systems. 

The limitations of our experimental and theoretical knowledge 
of luminescent systems are repeatedly and carefully pointed out 
by the author throughout the text. The final short chapter of the 
book is a synopsis in which attention is again called to outstanding 
problems in the field, with suggestions for work which may lead 
to their solution. It is an indication of fhe lively interest in phos- 
phors that some of the suggested approaches have already been 
under way in many laboratories for some time, and that a number 
of very significant contributions in the field of phosphors have 
been published too late for inclusion in the book. 

The illustrations, tables, and references to the original literature 
are numerous. The book is a welcome and valuable‘addition to 
the literature of luminescence. 


JAMES H. SCHULMAN 
CrysTaL Brancu, Navat ResearcH LABORATORY 
Wasurneron, D. C. 


%* INFRARED DETERMINATION OF ORGANIC STRUC- 
TURES - 


H. M. Randall, Emeritus Professor and Former Chairman, 
Department of Physics, University of Michigan, Ann Arbor, 
Michigan, Nelson Fuson, Professor of Chemistry, Johns Hopkins 
University, R. G. Fowler, Associate Professor of Physics, The 
University of Oklahoma, and J. R. Dangl, Research Physicist. 
D. Van Nostrand Co., Inc., New York, 1949: v + 239 pp. 354 
plates. l0 tables. 22 X 28.5cm. $10. 


Contrary to the sales literature of the publishers of this book 
it is not a thoroughly complete work containing all the information 
needed for practical usefulness. In fact, the authors in their 
preface state that “‘no claim is made to a complete treatment of 
the present status of infrared spectroscopy.” Publishers of scien- 
tific works should not be compelled to rely upon pressure sales- 
manship if their products are useful and not overpriced. This re- 
viewer dislikes purchasing a “complete work’ published in 1949 
only to find that there are but three references to work done after 
1945. The golden age of infrared spectroscopy did not begin to 
gain momentum until after this time. 

The book is divided into seven chapters. The first, on the 
application of infrared spectroscopy to chemical analysis, gives by 
way of an introduction the reasons organic chemists are interested 
in the field. This is done in a simple straightforward manner. 

Chapter two is on the Interpretation of Specific Structure 
Groups and Methods for Recognition of These Groups. The 
groups under discussion are limited to those of interest in the 
penicillin structure research problem with emphasis on amides, 
acids, benzene ring, and conjugation effects. Here several inter- 
esting points are discussed. 

Chapter three is A Catalogue of Empirical Structural Assign- 
ment for the Double-Bond Region. This contains a large useful 
assignment chart compiled from the experience of the authors 
and from the literature but without specific reference to the 
original articles. A catalogue of assignments with reference to 
the spectra included in the book is given also. 

Chapter four is called A Structural Assignment Catalogue for 
Theoretically Analyzed Molecules. This section is useful if one is 
not interested in work done after 1944. A quick glance at any 
issue of the Journal of Chemical Physics will convince anyone that 
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considerable activity has occurred in this field since 1944.. Those 
interested in vibrational analysis, and even organic chemists are 
thus interested these days, will be disappointed here. 

The fifth chapter on the Application of the Infrared Method in 
Practice is useful in teaching newcomers how to use spectra in 
the determination of structure. This is necessarily of an elemen- 
tary nature. 

Chapter six on Instruments and Experimental Techniques is 
by no means a complete discussion of these topics but rather pre- 
sents the techniques used at the University of Michigan on the 
penicillin problem. No mention is made of recent extensive re- 
views on instrumentation. 

Chapter seven, the Spectra of Various Compounds, presents 
355 rocksalt spectra determined by the authors. Many younger 
workers in the field, accustomed to modern electronic amplifica- 
tion and pen recorders, will be at a loss to recognize the Firestone 
amplifier-galvanometer-photographic spectra presented here. The 
reproduction of this obsolete. presentation of spectra is no doubt 
the major factor in the high cost of the book. Some of the spectra 
are not for the whole rocksalt region. The authors also naively 
state that all of these spectra have absorption bands caused by un- 
clean spectrometer windows. 

Physically the book is quite pleasing. Its large size is perhaps a 
curse which spectra atlases in the infrared region must bear. The 
binding is good, even if unimaginative, the type large and legible, 
if somewhat old style, and the paper is good coated stock. 

In spite of these objections, with the present scarcity of collec- 
tions of spectra, every practicing spectroscopist should have ac- 
cess to a copy of this work. Beginners in the field will find much 
of value to them provided they remember that the practice of in- 
frared spectroscopy for the determination of organic structure 
herein described is mainly that used by the authors on a single 
problem. 


R. C. GORE 
AMERICAN CYANAMID COMPANY 
STaMFoRD, CONNECTICUT 
* CHEMISCHE THERMODYNAMIK, EINE EINFUHRUNG 


IN IHRE GRUNDPRINZIPIEN (Chemical Thermodynam- 
ics, an Introducton to Its Basic Principles) 


Erich Lange, University of Erlange, Germany. S. Hirzel, Stutt- 
gart, Germany, 1949. xvi + 158 pp. 64 figs. 9.60 marks. 


ON THE first casual browsing, this monograph may strike the 
reader as a compendium of the familiar formulas of traditional 
thermodynamics. But it takes little more than a reading of the 
table of contents to suggest that here is something unusual: a 
fresh approach to a classical subject. Study of the text soon con- 
vinces the reader that Lange has developed an original point of 
view for the presentation of his material. The book is based on 
Lange’s series of papers on chemical thermodynamics, which have 
appeared mostly in the Zeitschrift fiir Elektrochemie, and on his 
lectures at Erlangen. 

He distinguishes between external (physical) thermodynamics, 
which covers processes involving energy interchange without 
chemical transformation and internal (chemical) thermodynamics 
which applies to systems in which reactions occur. By using a 
heat reservoir at one degree absolute as a standard of reference 
and introducing the energy unit one “boltzmann” (three halves 
the value of the pV product at 1°K.), temperature becomes a 
pure number and entropy, heat capacity, and the gas content all 
have the same dimensions as energy. These devices may seem a 
little startling at first, but they do permit an elegant symmetrical 
treatment of the laws of thermodynamics and their corollaries. 
Incidentally, a thermocouple is the heat engine used in the dis- 
cussion of the second law. 

The treatment is rigorous, and easy to follow, thanks to the 
liberal use of block diagrams and a consistent system of primes 
and underlines to distinguish symbols which might otherwise be 
confused. Sufficient experimental results are included to supply 
examples of the applications of the theorems. The book is recom- 
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mended especially to those who teach thermodynamics; as the 
author states in his introduction, it was written primarily to serve 
as a pedagogical tool. 


RAYMOND M. FUOSS 
Yate University 
New Haven, Connecticut 


» TECHNIQUES OF HISTO- AND CYTOCHEMISTRY 


David Glick, Associate Professor of Physiological Chemistry, 
University of Minnesota, Minneapolis, Minnesota. Interscience 
Publishers, Inc., New York, 1949. xxii + 531 pp. 159 figs. 16 
X 24cm. $8. 


Tus is indeed an excellent book. It is thoughtful, carefully 
written, well organized, and considers a topic that is certain to 
attract increasing attention not only by biologists but also by 
chemists and physicists. The author has dedicated this book to 
Kaj Linderstrom-Lang and Heinz Holter and the reviewer con- 
siders the book to be of value if for no other reason than that it 
describes in considerable detail the outstanding contributions of 
these two investigators and their colleagues. The foreword, 
written by R. R. Bensley, is particularly appropriate and is well 
worth the attention of all investigators confronted with the anal- 
ysis of preparations of biological origin. 

The book consists of four parts. The first part, entitled ““Micro- 
scopic Techniques,” is divided into three chapters. The first 
and shortest chapter gives a brief but adequate account of the 
preparation of microtome tissue sections by means of freeze- 
drying techniques. The second chapter is devoted to a detailed 
and comprehensive survey of the chemical methods suitable for 
the detection or identification in situ of the more common tissue 
constituents. Section A of this chapter contains a clear statement 
of the requirements demanded of an adequate analytical method 
and emphasizes the regrettable fact that very few of the available 
procedures can be considered as being completely reliable. Sec- 
tion B of the same chapter gives detailed procedures for the detec- 
tion in situ of a number of inorganic elements and ions and the 
following section (C) contains a similar survey of methods avail- 
able for the detection of certain organic substances and of func- 
tional groups present in organic compounds of biological interest. 
The reviewer doubts that a chemist would be impressed by the 
methods described in sections B and C, and as the author implies 
at frequent intervals, neither is the critical histologist or cytologist. 
It is to be hoped that the present account of available methods 
will be taken as a challenge to produce more rational and system- 
atic procedures rather than as a technician’s vade mecum. The 
last section of Chapter II, 7. e., section D, is devoted to a survey 
of the methods available for the visualization of the sites of en- 
zyme activity in tissue sections. The enzymes considered are 
urease, representative phosphatases, aldolase and isomerase, 
lipase, peroxidase, dopa oxidase, amine oxidase, cytochrome 
oxidase, and succinic dehydrogenase. The, third chapter, en- 
titled “Physical methods,” contains an account of the use of 
fluorescence microscopy, emission histospectroscopy, visible and 
ultraviolet absorption histospectroscopy, X-ray absorption histo- 
spectroscopy, microincineration, analytical electron microscopy 
and radioautography for the visualization of various constituents 
present in tissue sections. The understandable omission of infra- 
red histospectroscopy (cf. Barer, R., A. R. H. Couz, anp H. W. 
Tuompson, Nature, 163, 198 (1949)) in the above list of physical 
methods is simply a reflection of the rapid progress that is being 
made in the development of new methods of analysis. It is to be 
expected that any book will lag behind current developments, 
and strikingly so in a field where instrumentation plays an im- 
portant part. 

Quantitative milligram or microgram scale operations are 
common to many branches of the physical sciences and in the 
second part of his book bearing the title ‘Chemical Techniques” 
the author has provided an excellent account ‘vi those milligram 
and microgram scale techniques which are capable of direct ap- 
plication to the problems of histo- and cytochemistry. There can 
be no doubt that those interested in the application of milligram 
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and microgram scale techniques to other problems will find the 
second part of this book extremely useful, and conversely it is to 
be expected that the histologist and cytologist will in the future 
adopt many of the milligram and microgram scale techniques that 
have been applied so profitably in other fields to their particular 
problems. 

The second part of the book is divided into seven chapters, the 
first of which is devoted to a description of the apparatus and 
manipulations used in many of the subsequent operations. This 
account includes detailed information in respect to the construc- 
tion and use of reaction vessels, pipets, filters, stirring and heating 
devices, moist chambers, electrodes, conductivity apparatus, and 
balances for microgram quantities. Chapter II contains an ac- 
count of the colorimetric methods suitable, for use with micro- 
liter quantities, or for the determination of microgram amounts. 
The first-part of this chapter is devoted to) a description of the 
capillary tube techniques developed by Richards and his co- 
workers at the University of Pennsylvania and the second part to 
the more recently developed microcuvet technique. Detailed 
directions are given for the determination of a relatively large 
number of biologically important substances, The reviewer must 
admit that he was disappointed to find in the above section no 
mention of the extensive application of capillary tube techniques 
in the fields of inorganic and organic chemistry for it would ap- 
pear that the biologist could profit from the experiences gained in 
these applications. 

Titrimetric techniques employing microliter burets are de- 
scribed in Chapter III and the contents of this chapter are cer- 
tain to be of interest to all investigators confronted with an- 
alytical problems. The account given is comprehensive, de- 
tailed, and critical. Chapter IV contains a description of those 
gasometric techniques, other than those dependent upon the use 
of the Warburg or Barcroft apparatus, which are of interest in 
histo- or cytochemical problems. The first section of this chapter 
is divided into two parts. The first part is devoted to a con- 
sideration of volumetric capillary respirometry and the second to 
a detailed account of gas analysis using the Scholander technique. 
In both cases the treatment is excellent. The major part of 
Chapter IV, bearing the title ““Manometric methods,” contains a 
lucid description of the microliter diver techniques developed pri- 
marily by Linderstrom-Lang and Holter and it is hard to imagine 
anyone who would fail to be impressed by the elegance and use- 
fulness of these procedures. The remainder of this chapter con- 
tains an account of optical level respirometry and the polaro- 
graphic determination of local oxygen tension in tissues. Chapter 
V, bearing the title “Dilatometric techniques,” is devoted to a 
description of the Linderstrom-Lang density gradient tube and its 
use for the determination of reaction velocities, illustrated by the 
elegant methods for the determination of peptidase activity, 
density, and “reduced weight.’’ The author properly calls atten- 
tion to the difficulty of quantitative definition of samples of bio- 
logical material, and in Chapter VI considers the various methods 
that are useful for tois purpose. The description of the Holter 
method for the measurement of the volume of irregularly shaped 
objects such as an amoeba is illustrative of the contents of this 
chapter. 

The third part of the book, entitled ‘Microbiological Tech- 
niques,” is very brief due to the fact that very few of these tech- 
niques have been applied on a microgram scale. However, as the 
author points out, the adoption of these techniques to histo- and 
cytochemical problems is certainly to be anticipated. The 
fourth and last part of the book is devoted to a consideration of 
the mechanical separation of cellular components primarily 
through the use of centrifugation. Among the preparations de- 
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scribed are the isolation of cell nuclei, chromatin threads, cyto- 
plasmic particulates, and chloroplasts. 

The bibliography, arranged in alphabetical order, lists publica- 
tions appearing prior to January 1, 1947 and is supplemented by a 
bibliography appendix covering the literature subsequent to the 
above date and prior to September, 1947. A subject index is pro- 
vided as is a list of manufacturers of histo- and cytochemical 
equipment. It should be added that throughout the book the 
author carefully notes where the necessary apparatus and sup- 
plies can be obtained whenever they are commercially available. 
The price of $8 does not appear to be excessive considering the 
character of this book. 


CARL NIEMANN 
CauirorniA InsTITUTE OF TECHNOLOGY 
PasaDEeNnA, CALIFORNIA 


* THERMODYNAMIC CHARTS FOR COMBUSTION 
PROCESSES 


H. C. Hottel, Professor of Fuel Engineering, G. C. Williams, 
Associate Professor of Chemical Engineering, and C. N. Satter- 
field, Assistant Professor of Chemical Engineering, Massa- 
chusetts Institute of Technology, Cambridge, Massachusetts. 
John Wiley & Sons, Inc., New York, 1949. Text: x + 75 pp. 
41 figs. 8 tables. 21 X 29 cm. $2.60. Charts: 23 pp. 
lfig. l0 tables. 21 X 29cm. $2.40. 


For the theoretical consideration of the performance of engines 
involving combustion processes, the engineer must solve to an 
appropriate degree of precision a hydrodynamic problem, the 
solution of which requires a knowledge of the thermodynamic 
properties of the working fluid. The volumes under review 
provide tables and charts of these properties for the fluids result- 
ing from combustion of fuel-oxidant system made up of carbon, 
hydrogen, oxygen, and nitrogen. It is evident that these results 
will be of the highest utility in a very large number of fields. 
The authors are to be congratulated for the distinct service 
which they have rendered combustion engineers by the publica- 
tion of these tables and charts. 

In the first part, the tables and charts are described in detail, 
and the discussion is supplemented by a useful series of worked- 
out examples. The working tables and charts are separately 
bound as Part Two. The authors have employed the latest 
values of the thermodynamic properties of the constituent gases 
and have included the effect of gas nonideality wherever neces- 
sary. It has been assumed in all cases that the gases are at 
thermodynamic equilibrium. Calculations have been carried 
out for temperatures ranging from 300 to 3000°K. and for pres- 
sures of 14.7 and 300 p. s. i. a. A series of large-scale charts 
makes possible the estimation of the thermodynamic properties 
of the products of combustion of all fuel-oxygen mixtures of 
interest which are composed of the elements carbon, hydrogen, 
oxygen, and nitrogen. The charts are thus the equivalent, for 
working fluids derived from combustion processes, of the Mollier 
diagram employed by the steam engineer. 

Subject only to the limitations inherent in the use of graphical 
methods of computation, these charts will provide the means 
for the rapid and convenient solution of most of the design prob- 
lems confronting the combustion engineer. 


STUART R. BRINKLEY, JR. 
Bureau or Mines 
PITTsBURGH, PENNSYLVANIA 
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“Straight Jacket’ Condensers PYREX Condensers 


i In the most common sizes, Straight-Jacket Condensers are 

4941. CONDENSER, STRAIGHT-JACKET. Modified  ,vailable in Pyrex Brand as well poy glass. Obviously, the 

Liebig Type With Rubber Bumper Caps. user can also decide for himself whether to use Pyrex Brand 

Length, mm. 250 300 400 500 600 750 900 glass for both outer and inner tubes, or Pyrex Brand for one 
Nai as $1.15 1.35 1.50 1.65 2.25 3.25 and soft glass for the other. 

4941P. CONDENSER, STRAIGHT-JACKET, Pyrex Brand. 

4942. OUTER TUBE, ONLY, For Straight-Jacket Conden- This is a modified Liebig type with rubber bumper caps. All 

Ends annealed, free from strains. glass parts made of Pyrex Brand glass. 
Length, mm. 250 300 400 500 600 750 900 Length,mm...................... 400 500 
RS $0.40 65 75 00 1.50 2.45 Boos 4 550 5-5.2 See a a Seek a He $2.00 $2.25 $2.50 


4943. INNER TUBE, ONLY, For Straight-Jacket Condenser $1 Pyrex Brand. Ends annealed. Free from strain. 
For Condenser. 


Length, mm. 

Inner Tube 
Length, mm. 500 
Bach...) . 0. $0.35 


250 300 


with the 


WELCH 
“Straight Jacket" CONDENSER 


Modified Liebig Type 


@ End-to-End Circulation eliminating end eddy currents, increases efficiency. 


© Low-cost and ease of replacing a broken ‘Straight-Jacket’ assures 
utmost economy. 


® Molded Rubber Bumper Caps reduce breakage. 
@ Jacket replaceable from your regular tubing stock. 


@ All parts replaceable and interchangeable. 


© Low initial and replacement costs on all glass parts. 
@ 7 lengths — 250 mm to 900 mm. 





THE METAL INLET AND OUTLET TUBES ARE UNBREAKABLE 
AND CAN BE PLACED AT ANY CONVENIENT ANGLE. 


The glass parts of this condenser are carefully made and annealed and all parts showing strains 
in the polariscope are rejected. The straight-jacket is a piece of straight tubing carefully flanged 
at the ends to fit perfectly the molded rubber caps. An emergency replacement by means of a 
piece of stock tubing is possible. 


4942P. OUTER TUBE, ONLY, For Straight-Jacket Conden- 


PR PN ois sick vig ow al 8 gs ee 3 300 400 500 
Se $1.00 $1.25 $1.50 
O00 INNER TUBE, ONLY, For Straight-Jacket Conden- 
ne ser ex Brand. 

650 750 850 1000 1150 For Condenser, Length, mm........ 300 400 500 
oe ke foe ee feed hint ae aae $0.80 $1.00 $1.15 
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Ir 1s some time now since the announcement appeared of the establishment of the 
James F. Norris Medal for outstanding ability and accomplishment in the teaching 
of chemistry. This award is to be administered by the Northeastern section of the 
American Chemical Society and is to alternate, every other year, with the Theodore 
F. Richards Medal, one of the prominent professional honors in the field of chem- 
istry. 

The new award is made possible by funds from the estate of the late James F. 
Norris, himself a well-known and successful teacher of chemistry, for many years at 
the Massachusetts Institute of Technology. He typified the best in the teaching 
profession. He had the ability to present the subject matter of his field clearly and 
forcibly, both in his lectures and his textbooks, the latter of which had a wide circu- 
lation. At the same time he had an enviable reputation in research and a high pro- 
fessional reputation, being one of the past presidents of the American Chemical 
Society. Withal, he was approachable and a genial companion to his colleagues and 
students. With such a name attached to it, the new award will be an inspiration to 
all its potential recipients as well as a mark of highest professional distinction to 
those who may be chosen to receive it. 

There has long been a need for such a medal as this. Many honors and dis- 
tinctions are available for outstanding research and for technical accomplishment in 
chemistry and many of its specialized branches. But the teacher, without whom 
none of the rest would be possible, goes unrecognized. There is nothing spectacylar 
about him or his accomplishments. He is “the forgotten man,” sometimes even by 
his students. 











@e HEINRICH RHEINBOLDT 


Hernricu RHEINBOLDT, eminent teacher, writer, and 
chemist, has been active on both sides of the Atlantic. 
He was born at Karlsruhe on August 11, 1891. His 
father served as Finance and Railway Minister in 
Baden, and later was stationed at Zurich as German 
General Consul. His mother was the daughter of the 
distinguished Heinrich Caro, well known for his work 
in dye chemistry and one of the founders of the Bad- 
ische Anilin and Sodafabrik, of which he was the Direc- 
tor for many years. 

After completing the course at the humanistic Gym- 
nasium “Kloster Unser Lieben Frauen” at Magdeburg 
and the ‘“Kénig Wilhelm Gymnasium” in Berlin, the 
young man took up chemistry and geology at the Tech- 
nische Hochschule in Karlsruhe (1910-11). He then 
entered the University of Strassburg, where he studied 
chemistry in the Institut headed by Johannes Thiele. 
In 1918 he became assistant in this department, which 
after Thiele’s death (1918) was temporarily in the 
charge of Edgar Wedekind. In December, 1918, 
Rheinboldt attained the Ph.D. degree, the last one to 
be conferred by this school under German auspices. 
After the university was taken over by the French au- 
thorities, he returned to his native city and worked for 
a while in a private capacity in a laboratory made avail- 
able to him by Carl Engler at the Technische Hoch- 
schule. The following summer (1919), Dr. Rhein- 
boldt became assistant in analytical chemistry in this 
school and soon thereafter was given charge of the lec- 
ture course in general chemistry for demobilized chem- 
istry students. In addition to his teaching activities, 
Rheinboldt became private assistant to Paul Pfeiffer, 
who had succeeded Engler. Later, Rheinboldt or- 
ganized and conducted a laboratory course in inor- 
ganic preparations. When Pfeiffer accepted the call to 
Bonn, he took Rheinboldt with him (1922) as his lec- 
ture assistant. In 1924 Dr. Rheinboldt habilitated as 
Privatdozent. From 1927 on, he was in charge of the 
analytical and the preparative organic laboratories. 
He was promoted to an associate professorship in 1928, 
and in 1930 was commissioned to offer independent 
(lecture and laboratory) courses in analytical and special 
inorganic chemistry. Also, he revamped the course of 
chemical instruction for prospective teachers in second- 
ary schools, and from 1931 on he was a member of the 
state examining board for teaching candidates. 

The Nazi decrees forced Dr. Rheinboldt to vacate his 
teaching position and give up his research activities in 
1933 because his maternal grandfather, Dr. Caro, was 
Jewish. In view of the later events in Germany, this 
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dismissal proved a blessing in disguise. In May, 
1934, a call came from the Brazilian authorities inviting 
Dr. Rheinboldt to set up and head the chemistry de- 
partment in the newly created Faculdade de Filosofia, 
Ciencias e Letras in the new University of Sao Paulo. 
His activities there began in June, 1934, and though he 
has had to struggle against the natural handicaps of the 
somewhat isolated location, he has made his department 
one of the outstanding South American centers of 
chemical instruction and learning. 

Dr. Rheinboldt has to his credit about 130 publica- 
tions. The principal fields are: inorganic, organic, 
history, teaching. Particularly important are his 
studies of: mechanism of the Grignard reaction; reac- 
tions of nitrosyl chloride with inorganic and organic 
molecules; constitution of the choleic acids; oxy- 
halides of silicon; organic and inorganic-organic molec- 
ular compounds; organo compounds of sulfur, selen- 
ium, tellurium; constitutional formulas of crystallized 
materials, chemotherapy of leprosy. His discoveries 
include: thionitrites, selenium trioxide, thioglycerol, 
sulfenyl iodide. His “thawing point’’ method is widely 
used in the study of binary systems. 

The best known of Prof. Rheinboldt’s publications is 
his “Chemische Unterrichtsversuche,” published in 
1934. This remarkable collection of lecture demon- 
stration experiments is the outstanding book in its 
field. It clearly reveals the author’s careful and pains- 
taking scholarship as well as his thorough experience 
with the subject matter. Numerous printings were 
necessary, and the recently issued second edition has 
had a remarkably large sale. He was one of the 
collaborators in Houben’s ‘Methoden der organis- 
chen Chemie’’; the second edition of the great ‘“Hand- 
worterbuch der Naturwissenschaften,” and the ‘‘Tasch- 
enbuch der Kolloidchemie.” Prof. Rheinboldt’s work 
in the history of chemistry has covered the entire span 
of the field. He is one of the Consulting Editors of 
Chymia, and formerly was one of the foreign Editors of 
the JouRNAL Or CHEMICAL EpucatTion. His work on 
historical topics is made difficult by the lack of proper 
source material; for instance, there is not even a single 
copy of the Poggendorff Lexikon in all Brazil. Not much 
of the current European literature reaches Sao Paulo, 
and absolutely nothing from Germany. Consequently, 
the chemical library that he gathered together so labori- 
ously and patiently constantly falls further in arrears. 
Never one to be discouraged by external circumstances, 
he valiantly carries on, and turns out first-class work by 
virtue of his own innate power. 
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AN UNDERGRADUATE COURSE IN SPECIAL 


METHODS OF ANALYSIS 


Tue great and steadily increasing importance of in- 
strumental methods in routine and research analytical 
chemistry makes it a matter of prime importance that 
students majoring in chemistry be given some familiar- 
ity with these techniques. To this end we have intro- 
duced at Union College a course called “Advanced Ana- 
lytical Chemistry” which runs for a full year with one 
lecture-recitation and one three-hour laboratory each 
week. 

This course is normally taken in the junior year. The 
students in our technical course, leading to the degree of 
B.S. in Chemistry, have already taken full-year courses 
in classical quantitative analysis and organic chemistry, 
and are taking physical chemistry. On the other hand 
the less technical chemistry ‘‘majors” have had only a 
year course in quantitative analysis with half the 
amount of laboratory work, and are currently taking or- 
ganic; for them physical comes in the senior year. 
Hence the advanced analysis class is rather heteroge- 
neous. The result of this situation is that all of the nec- 
essary principles of physical chemistry must be devel- 
oped as we go, or in some instances taken on faith. 

The first several weeks of lecture are devoted to meth- 
ods of locating the equivalence point in volumetric ti- 
trations. After a résumé of simple indicator methods, 
conductimetric titrations are discussed, followed by po- 
tentiometric analyses. The latter subject is presented 
from the viewpoint of the Nernst equation, but it is 
considered beyond the scope of this course to derive it. 

An important point which seems difficult for many 
students is the difference between a potentiometric anal- 
ysis for a free ion on the one hand, and for the total 
potentially available ion on the other. The former can 
be completed with only a single setting of the potentiom- 
eter, as in the determination of pH with a glass elec- 
trode, while the latter requires a lengthy potentiomet- 
ric titration. 

The study of potentiometry leads conveniently into 
polarographic analysis. The theory of this instrument 
need only be carried far enough to show in a qualitative 
way why it works as it does. For purely analytical pur- 
poses the polarograph is most conveniently used in a 
relative way, in which the curve obtained for the un- 
known is compared with a family of curves determined 
under the same conditions for standard solutions. Hence 
the Ilkovié equation need not be employed in the cal- 
culations. This equation is therefore only mentioned in 
order to show that the theory does have a sound mathe- 
matical basis. 

The next major topic is the absorption of light. This 
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is developed from the Beer-Lambert Law, with appli- 
cations to the several types of photometric apparatus— 
Nessler tubes, variable depth colorimeters, photoelec- 
tric filter photometers, and spectrophotometers. The 
theory of chromophores is passed over briefly, but em- 
phasis is placed on the development of colors by rea- 
gents. This discussion is extended beyond the visible 
region into both the ultraviolet and infrared spectra. 

The classical spectrographic techniques are dealt with 
in some detail. Rather than describe numerous alter- 
native procedures, we fix our attention on one or two 
of them for which we have illustrative material avail- 
able. It is felt that no useful purpose would be served 
by giving great detail about homologous pairs, internal 
standards, and the like. The identification of lines by 
comparison with an iron arc spectrum and reference to 
tables, coupled with quantitative determinations based 
on a logarithmic rotating sector are readily understood, 
and give sufficient insight into the essentials of spectro- 
graphic work. 

The lectures for the rest of the year are devoted to a 
sequence of more or less unrelated topics, including ra- 
dioactive tracers, ion-exchange, chromatography, and 
various principles of gas analysis. 

Many of the topics considered in detail in the lec- 
tures and text are not available to us for laboratory ex- 
periments due to budget limitations. In place of them 
we include a number of experiments which illustrate 
principles already known to the students but not as- 
signed as experiments in other courses. We have lifted 
from our physical chemistry course several experiments 
previously performed there which are primarily ana- 
lytical. This in turn permits the inclusion in the phys- 
ical laboratory of more experiments designed to test 
basic theory. 

The experiments at present assigned in the advanced 
analytical laboratory are: 

1. Determination of nitrogen by the Kjeldahl 
method. The semimicro apparatus of the Hengar 
Company is used. 

2. Determination of carbon dioxide in limestone 
by absorption of the evolved gas in a weighed absorp- 
tion tube. 

3. Spot tests, using Yagoda Confined Spot Test 
Papers (C. Schleicher and Schiill Co.). Copper is esti- 
mated by dithiooxamide. 

4. Determination of total cations in solution by 
ion-exchange. 

5. Determination of fat in foodstuffs by Soxhlet 
extraction. 


6. Electrodeposition of copper (for those students 
who have not previously performed the equivalent ex- 
periment elsewhere). 

7. Determination of sucrose in a syrup with a po- 
larimeter. 

8. Determination of the hardness of water by ti- 
tration with disodium dihydrogenethylenediaminetet- 
raacetate (“Versene’’).? 

9. Conductimetric titrations. The solubility of 
silver sulfate is determined by titration with barium 
chloride. 

10. Potentiometric titration of phosphoric acid with 
a Beckman glass electrode pH-meter. 

11. Potentiometric titration of iodine by thiosul- 
fate, and vice versa, using platinum-calome! and plati- 
num-tungsten electrode pairs with a Fisher Junior Ti- 
trimeter. 

12. Polarographic determination of mixtures of 
nickel and zine in ammonium hydroxide-ammonium 
chloride buffer as supporting electrolyte. 

13. Colorimetric analysis of nickel with dimethyl 
glyoxime, using a Klett-Summerson photoelectric color- 
imeter. 

14. Spectrophotometric study of an indicator in a 
series of buffer solutions. 

15. Chemical microscopy. A student-type micro- 
scope fitted with Polaroid in the eyepiece and below the 
stage is used to observe qualitatively the differences be- 
tween crystals of various substances. A few represent- 
ative precipitation reactions are observed directly 
through the microscope. 

16. Chromatographic separation of the pigments 
from any convenient plant source. 

1 Cf. Chem. Eng. News, 27, 3658 (Dec. 5, 1949). 
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17. Analysis of city illuminating gas by a combina- 
tion of the standard Orsat apparatus with a ‘‘Gow- 
Mac” thermal conduétivity unit (Gow-Mac Instrument 
Co., Newark, N. J.). Carbon dioxide and monoxide 
are determined by absorption in the Orsat apparatus, 
hydrogen by oxidation with hot copper oxide, and hy- 
drocarbons as methane by observation of the thermal 
conductivity of the remaining gas. Nitrogen is deter- 
mined by difference. A calibration curve has previ- 
ously been prepared for the thermal conductivity unit 
with known mixtures of methane and nitrogen. 

18. An Emerson bomb calorimeter is used to de 
termine the heat of combustion of a sample of solid fuel 
or foodstuff. 

Some of these experiments are planned to cover two 
consecutive laboratory periods, and some to be per 
formed by a team of two students. The experiments 
are staggered so that each student can do all of them in 
the course of the year. In addition to the formal experi- 
ments, the students are given a two-hour demonstra- 
tion and lecture in the spectrographic laboratory of the 
General Electric Company, whose cooperation it is a 
pleasure to acknowledge. 

A number of important tools which belong in this 
field are omitted altogether, as it is felt that they can- 
not be treated adequately in the time at our disposal. 
Thus the students must rely on the physical chemistry 
course for discussion of the mass spectrograph, X-ray, 
and electron diffraction. 

Throughout the course emphasis is on pointing out 
the possibilities inherent in the various analytical meth- 
ods, rather than providing a working knowledge of 
specific procedures. The interrelationship of physical 
and analytical chemistry thus becomes obvious. 





Ultrasonics 


One kilowatt of power, or nearly one horsepower, can be concentrated in an 
area a centimeter square. This is ten times the concentration of power in a white- 
hot tungsten lamp filament, and one-tenth as great as that on the surface of the 


sun. 


Ultrasonics have already been used successfully in a number of ways, 


most notably in the detection of flaws in castings and other types of solids being 


tested for uniformity. 


Recent experiments indicate that sound waves may be 


useful in such diverse operations as the mixing of alloys, smoke precipitation, and 


the laundering of fabrics. 








Employment Policies and Practices in American Organizations 





Sabine River Works of E. I. du Pont de Ni 


A wemeer of the du Pont Company was once asked 


about the role of the chemist in his organization. He 
replied that it would be easier to enumerate the few 
things which a chemist does not do. This is not to 
imply that the chemist is employed initially for all 
types of activities, but rather that over a period of 
years the duties performed by persons with chemical 
training are many and varied. 

Any person graduating from college is naturally filled 
with curiosity about what to expect when he takes his 
first job, and he undoubtedly gives considerable thought 
to what type of work he should enter. His professional 
venture is a definite turning point in his life, a major 
undertaking through which he hopes to ¢ontribute in a 
manner befitting his abilities while earning a good living 
for himself and his family. He may be able to interpret 
his broad objectives but he probably is vague on just 
how his basic college preparation will be put to use, 
If he plans to enter a large chemical enterprise, it per- 
haps is even more difficult for him to imagine what his 
first few months will be like and how he will progress 
into the big unknown of the future. 

The du Pont Company is a large organization—every- 
body knows that. It would not have attained its 
present-day success, however, if its organizational 
structure did not permit employees to be treated like 
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pany, Inc., Orange, Texas 


E. I. du Pont de Nemours & Company 
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human beings, to have everyday friendly relationships 
with people united toward common objectives. Per- 
sonal development would be greatly hampered if only a 
handful of men controlled the destiny of each employee. 
Instead of one vast “flying wedge,” there are several 
smaller entities, each with research, production, and 
sales activities united toward business success in a 
segment of the total Company’s operations. 

In joining the du Pont Company, therefore, a chemist 
becomes identified with a group small enough to assure 
personal recognition of achievement by men with 
authority to look out for his personal welfare. He is 
definitely not a cog in a machine, but one who has close 
relationship with high-caliber men who help guide him 
to positions which best satisfy his interests and abilities. 

Training is carried out in a rather informal manner. 
There is no “training school’’ to serve the entire Com- 
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pany; each of the divisions and groups trains its new 
employees in a manner most appropriate to the type of 
work involved. Training a production supervisor, for 
example, may be quite different from breaking a man in 
for technical process improvement work. Although a 
person is employed for a specific job in the beginning, 
it is not intended necessarily that he remain in that 
particular line of activity. Effort is made, however, to 
place him in the type of work in which he may have the 
best opportunity to develop. He may nevertheless 
gravitate toward a completely different type of work 
through a chain of events in his experience as his real 
interests and abilities unfold. This is important to 
most people since actual experience is the best way in 
which a person may test his likes and dislikes. Du 
Pont’s flexibility in organization permits a broad range 
of exposure. This does not mean that a man can move 
from one job to another at the slightest indication of 
dissatisfaction. He should make enthusiastic effort 
to turn in a good performance on whatever responsibil- 
ities come his way, thereby demonstrating persistence, 
leadership, cooperativeness, intelligence, and other 
qualities that may be important to any job. 

An important requirement in any man’s employ- 
ment, whether in the beginning or later in his career, 
is his ability to express his thoughts clearly through 
verbal and written expression. Active participation in 
group meetings and careful attention to written reports 
will be significant factors not only in his own personal 
salesmanship but in making the results of his work truly 
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effective. A man can do fine work but unless the results 
can be interpreted properly in terms of the over-all 
goal, the accomplishment may be quickly forgotten or 
merely labeled as interesting data. Aside from the bare 
technical achievements, intergroup relationship depends 
heavily on frequent meetings for discussion of mutually 
interesting matters. Through the written reports, a 
man’s efforts receive much broader circulation than 
would be otherwise possible. 

Du Pont has chemically trained personnel in a broad 
variety of administrative and scientific positions. 
Being such a technical enterprise, there is naturally 
strong reason for requiring chemical people not only in 
basic chemical pursuits but also in management, adver- 
tising, legal and patent service, purchasing, public rela- 
tions, personnel, and many others. Most chemists 
usually begin in such fields as research, development, 
production, or sales. 

There are over 40 research laboratories in the du 
Pont Company. Some of the work in these laboratories 
may appear to be only remotely connected with commer- 
cial application and might therefore be classified as 
“fundamental research.” This is a rather abused 
term, especially if it is contended that any problem 
having commercial value is not fundamental from a 
scientific viewpoint. In a company organized to 
manufacture chemical products, most of the research is 
naturally expected to relate in some way to commercial 
significance, whether directly or indirectly. Within 
that framework, there are vast opportunities for re- 
search as fundamental in nature as any research con- 
ducted within the halls of the nation’s educational in- 
stitutions, and in reality, the volume of such research in 
industry today is on a scale seldom recognized by people 
not engaged in the industrial field. 

Another term loosely used is ‘applied research.” 
There can be no sharp cleavage between fundamental 
and applied research, but generally speaking the latter 
term encompasses problems attendant to the develop- 
ment and improvement of manufacturing processes and 
products and the determination of ultimate usefulness 
of products. There are many facets of such projects 
to tax the ingenuity of the researcher to the utmost, 
and often they are sufficiently fundamental in nature 
to fully satisfy the academician. 

Research projects come about in many ways. Ina 
chemist’s investigation of literature, ideas may occur 
to him to serve as a basis for a research undertaking. 
Present successes in a given field may encourage further 
research to create products similar to those that have 
contributed to the public’s standard of living. People 
in management of a research organization may recog- 
nize likely commercial possibilities in a certain unex- 
plored field and therefore embark on a broad research 
program in that realm. Sometimes a need exists for a 
synthetic type of product to supplement the present 
supply from natural sources, thereby prompting re 
sep: ch synthesis endeavors. Desire to improve existing 
products frequently spurs various types of research. 
With du Pont being in so many diversified fields, a vast 
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program can be supported, resulting in products being 
created which may not have otherwise been possible. 

There are opportunities in the research and other 
technical organizations to appeal to widely divergent 
interests... Becoming an expert in a given field is ap- 
pealing to some chemists, and there is need in the vari- 
ous branches of du Pont for some people who make it 
their business to probe into every possible sideline of a 
special technology and thereby accumulate such a store 
of knowledge that they may act in a consulting capacity 
to other technical persons in the field. 

It would be a mistake for all researchers to aspire for 
administrative positions. A very good researcher is 
not necessarily a potential technical administrator. 
On the other hand, an administrator of a research pro- 
gram in du Pont must first be a strong technical per- 
former. True scientific advancement and achievement 
carry professional prestige and other rewards that make 
it unnecessary for every researcher to feel that he has 
to become an administrator in order to be proclaimed a 
success. 

Development covers a broad field. The more practi- 
cal phases of research certainly overlap into the field of 
development. Most research laboratories work rather 
closely with pilot plant operations in scaling up test- 
tube developments. The fruits of research do not 
necessarily warrant pilot-plant investigation, and of 
course many products or processes which appeared 
promising in the early stages of research do not prove 
to be practical when tested in the pilot plant. While 
some chemical engineers as well as chemists engage in 
straight research, there are perhaps more chemical 
engineers than chemists in 
the development stages, 
increasing in predominance 
as the development under- 
takings approach full-scale 
plant operations. The 
pilot-plant type of operation 
is not necessarily confined 
to the research organization ; 
pilot piants may be found 
in the big plants, simulating 
full-scale operations so that 
improvements can be de- 
veloped. Design problems 
come into play, patent con- 
siderations must be taken 
into account, economic and 
market analyses are made, 
and many other investiga- 
tions may enter into the 
picture at various stages of 
any development program. 

Initial stages of produc- 
tion of new chemicals 
present problems involving 
further reaction studies and 
further process development 
in order to reach an opti- 
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mum stage of efficiency. On older processes, investiga- 
tion is continuous in the attempt to improve yield and 
quality and to decrease the cost of manufacture, often- 
times necessitating experimentation and testing on the 
plant equipment. 

Each plant must maintain laboratory facilities for 
the testing of raw materials, intermediates, and fin- 
ished products to insure proper quality. In some cases, 
the control laboratory is used to train men for produc- 
tion assignments in the plant. There are, of course, some 
technicians and supervisors who make the control 
laboratory their full-time work. 

Many chemically trained people enter the industrial 
plant to receive training for production supervision. 
Development work may be regarded as a good prepara- 
tion for production supervision, especially in the tech- 
nically complex operations, but a large number of pro- 
duction trainees begin as ‘‘student operators.”’ Leader- 
ship qualities are perhaps more important in the pro- 
duction supervisor than technical proficiency, but 
there are many complex manufacturing processes today 
in which the chemist or engineer can advantageously 
use his technical background in maintaining safety and 
efficiency of operation. For example, in the manufac- 
ture of a certain new product, the cycle for which ex- 
tended beyond the day shift, a night supervisor dis- 
covered that pressure and temperature had risen above 
the tentatively established limits. Being a chemical 
engineer he knew that the rate had been accelerated 
and was approaching a critical point beyond which the 
mass would polymerize to a rubbery solid. He was 
able to make some rapid calculations with the aid of 





An Analytical Laboratory 





Distillation Apparatus in an Organic R ch Laboratory 





available curves provided by the research laboratory 
and therefrom control the reaction within proper limits. 
A variety of problems could be cited where, in the daily 
performance of duty in the production line, the chemist 
or chemical engineer finds direct application for his 
training. 

It should be emphasized, however, that the technical 
man entering production should have a strong interest 
in human relations, for he will supervise unskilled as 
well as skilled workers. Management’s success in the 
field of labor relations will definitely be a reflection of 
the personal leadership abilities among men who enter 
the trainee ranks of production supervision. With 
over 80 plants, the training of production men naturally 
varies considerably in the different types of operations. 

Another field of endeavor in which an increasingly 
large number of people with chemical training find ca- 
reers is sales. Initially the prospective employee is of- 
ten assigned to laboratory or plant work in which he 
may acquire a thorough background of information and 
understanding about the products of a given depart- 
ment. In other cases, he may go through a special 
training course to prepare himself for technical sales. 
The field is very broad, but in general the technical 
service man in sales is the liaison on technical matters 
between a department of the company and the con- 
sumer. He may have certain special accounts to serv- 
ice or he may be regarded more largely as a general 
consultant. A large share of his attention may be 
devoted to acquainting customers with the technical 
background of products and their potential uses, or 
he may perform technical services in a customer’s 
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plant, involving process development and _ trouble 
shooting. 


Still another technical aspect of sales, often referred f 


to as sales development, is the exploration of new 
markets for established products and the determining 
of needs for new or improved products which may give 
impetus to current research programs or lay the basis 
for new programs. Such problems require not only 
expert technical attention but economic considerations 
as well. 

Many technically trained members of sales divisions 
enter the field of direct selling, where application of 
technical background becomes more general but having 
a technical knowledge of the products and their uses 
helps in the selling of these products to consumers. 
About 85 per cent of the du Pont products are sold to 
other companies for conversion to finished product 
rather than directly to the public. 

Other fields in which chemists may find themselves 
could be discussed; in fact, almost every type of en- 
deavor normal to the chemical profession could be found 
somewhere in du Pont, which in itself emphasizes the 
broad opportunities available to an employee. All 
levels of chemical training are of interest. The person 
with a doctor’s degree is usually interested in, and is 
considered for, some phase of research work. Less 
highly trained men may enter certain types of research, 
if they are so inclined, especially in application research 
or development; many of these men, especially with 
the bachelor’s degree, enter production, sales, and other 
fields. 

Regardless of what type of work a man undertakes, 
he should realize that the battle cry of industrial prog- 
ress today is embodied in the term ‘teamwork.” 
There is relatively no place for the very narrow person 
who has little regard for other people’s ideas and con- 
tributions. Scientific competence is important but it is 
not enough. Many surveys indicate that a high per- 
centage of the technical people released by industry 
failed because of personal characteristics and not tech- 
nical incompetency. The day of the chemical recluse 
is gone and the era of the chemical team is firmly estab- 
lished. 

A high percentage of the college graduates in du Pont 
are technical people. The turnover rate is low since 
the policy is one of promotion from within the organi- 
zation. Many millions of dollars are spent annually 
on research which continually brings new ventures into 
the picture, new plants, and new sales opportunities. 
For the well-trained chemist with the power of independ- 
ent and objective thought, the courage to take action 
and make decisions, and the ability to integrate 
smoothly his endeavors with those of his associates, the 
opportunities for success are virtually unlimited. 
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PITTSBURGH’S CONTRIBUTION TO RADIUM 
RECOVERY’ 


Wane there is a rich background of historical ma- 
terial which precedes the discovery of radium and radio- 
activity, it will suffice for our present purpose to refer 
to the vacuum tubes of William Crookes in England in 
1878, in which strange phenomena were observed, in- 
cluding the fluorescence of the tube wall. In 1895 
Wilhelm Konrad Von Roentgen observed that the rays 
which escaped from Crookes tubes would penetrate 
black paper in which photographic plates were wrapped 
and even plateholders in which they were held, affect- 
ing the normally protected plates and producing shadow 
images of various shades depending on the nature of 
the material which was interposed. It is told that when 
Roentgen’s findings were reported at the Academy of 
Sciences in Paris in 1896, Henri Poincare suggested to 
Henri Becquerel that the fluorescent patches on the 
walls of the X-ray tubes might be the source of the 
highly penetrative X-rays. The suggestion prompted 
the study of fluorescent materials and it was among 
these, in uranium compounds, that Henri Becquerel 
observed radiations that were similar to X-rays in their 
penetrating power. In December of 1898 Maria 
Sklodowska Curie announced the discovery of polonium 
(and later radium) which had been isolated from the 
mineral pitchblende or uraninite, a complex oxide of 
uranium with small amounts of lead, the rarer elements 
polonium, thorium, yttrium, helium, and argon, and 
some nitrogen. This ore was found in Joachimsthal, 
in old Bohemia in Austria. It is the black mineral in 
which helium had been discovered in 1895 by William 
Ramsay. The writer visited the mines in Joachims- 
thal, then rechristened Jachymov, in Czechoslavakia 
in 1928, and learned a bit of interesting history of the 
uraninite deposits. It seems that the mines at Joachims- 
thal had already been operated early in the 16th cen- 
tury for the recovery of silver from a‘vein which oc- 
curred in the uraninite deposits. The old cupola in 
which the silver was refined still stands and one goes up 
an attractive hand-wrought iron stairway to a mezza- 
nine entrance of the cupola which was still used in 1928 
for radium, vanadium, and uranium recovery. It seems 
that in the early centuries the silver was smelted and 


1A paper first presented April 16 at the 25th Anniversary 
Meeting of the Pennsylvania Academy of Science, Lancaster, 
Pennsylvania; later revised and presented before the Division 
of History of Chemistry of the American Chemical Society et the 
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the rest of the gangue used as road-building material 
or dumped into the streams of the region with no knowl- 
edge of the value of the other components of the ore. 
When the silver content got too low, the ore was proc- 
essed for the recovery of uranium which was used as a 
pigment in ceramics for the production of a greenish- 
yellow color. It was prized because of the fluorescence 
of the uranium colored ware. Before 1898 it was not 
known that this ore might contain something which 
would some day be valued at three million dollars an 
ounce. It is to the credit of the Austrian government 
that a ton of the concentrate was shipped to Paris for 
the researches of the Curies. This yielded the highly 
radioactive components polonium and radium. 

According to Joseph A. Kelly,? formerly president 
of the Radium Chemical Company, Inc., Radium Sales 
Division of Standard Chemical Company, the late 
Joseph M. Flannery of Pittsburgh was gravely con- 
cerned about a sister who was afflicted with cancer. 
Trying to locate a cure, Mr. Flannery went to Europe 
hoping that radium might help. Finding it impossible 
to purchase radium, Mr. Flannery felt that it should be 
made available for experimentation. In 1911 prospect- 
ing disclosed that in southwestern Colorado and in 
southeastern Utah carnotite K2(UO2)2(VOx,)2-8H2O oc- 
curred in deposits in a tract covering about 800 square 
miles. The deposit was about 65 miles from the nearest 
railroad and in mountainous country about 7000 feet 
above sea level. Mr. Flannery organized the Standard 
Chemical Company, locating a plant at Canonsburg, 
Pennsylvania, and a laboratory in Pittsburgh, in a 
building then known as the Vanadium Building and now 
occupied by the Oakland Branch of The Peoples First 
National Bank and Trust Company of Pittsburgh. 

The European ore, pitchblende or uraninite, con- 
tained about one gram of radium in every five or six 
tons of ore. The Colorado ores contained only one 
gram in five or six hundred tons. Men had to be 
trained to work the Colorado mines. Burros and 
wagon teams carried the ore from mine to mill, about 
60 miles, and brought back water and supplies. Ore 
bodies in the various pockets ranged from a few pounds 
of mineral to deposits of 1800 tons in rare cases. From 
the mill the ore went in 80-pound sacks by wagon or 
motor truck to Placersville, Colorado. Then a narrow- 
gauge railroad carried it to Salida, Colorado. Thence 


2 “Radium, some interesting facts,” The Midwest Purchasing 
Agent, May, 1934. 
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Dr. Charles H. Viol and Dr. Otto Brill in the Radi M 
Laboratory 





it traveled by rail to Canonsburg, Pennsylvania, where 
Louis F. Vogt was superintendent. 

According to Arthur Louis Miller of Pittsburgh, 
Purdue chemical engineer, who was employed by the 
Standard Chemical Company in 1914 to recover the 
radium, 125 tons of ore containing 10 to 12 milligrams 
per ton, were boiled or fused with sodium carbonate to 
convert radium and barium to carbonates. Dilute 


hydrochloric acid converted the precipitate to chlorides 
in a liquor now containing 1900 to 2000 milligrams of 
radium per ton, and radium and barium were precipi- 


tated with sulfuric acid. The sulphates, after filtering 
and washing, were fused or boiled again with sodium 
carbonate, filtered and washed sulfate-free. Their 
solution in hydrochloric acid produced liquor II. It 
was neutralized with sodium carbonate and crystallized 
ina bathtub. After nine primary crystallizations, 1000 
liters of solution contained about 125 kilograms of 
mixed salts having about 200 milligrams of radium ele- 
ment or about 8 to 10 g. per ton. 

There were 45 secondary crystallizations of another 
liquor which usually contained about 80 milligrams of 
radium element. The concentration of the new liquor 
was about 200 milligrams, but the liquor remaining 
after crystallization always held about 80 milligrams. 

The 15 primary liquors and the more concentrated 
secondary liquors (about 100 liters) were then shipped 
from Canonsburg to the Pittsburgh laboratory where 
fractional crystallization continued until the chlorides 
contained 40,000 milligrams per ton of radium element. 
The next 10 to 12 fractionations brought the radium 
concentration up to 200,000 milligrams per ton. 

Now the radium and barium chlorides were made al- 
kaline with sodium hydroxide and heated with hydrogen 
sulfide to remove lead. The solution was filtered to 
remove sulfur. The filtrate was made strongly alkaline 
with ammonium hydroxide and precipitated by satu- 
rated ammonium carbonate. The carbonates of radium 
and barium were washed with hot water and dried in a 
silica dish. Water and ammonium carbonate were 
driven off by heating and hydrobromic acid was added 
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to produce bromides. This “medium” bromide liquor, 
as it was called, was subjected to thirty primary crystal- 
lizations when it contained 500,000 milligrams of radium 
element per ton. The radium and barium bromides 
were next dissolved in a minimum of water and filtered 
into a fused quartz dish. Sixteen primary crystalliza- 
tions were now conducted increasing the radium con- 
tent to 516,000,000 milligrams per ton as radium bro- 
mide. Pure radium bromide (58.5 per cent radium) 
would contain 585,000,000 milligrams of radium ele- 
ment per ton. This fractionating principle is illus- 
trated in figure 195, page 433 of Partington.’ 

The laboratory in Pittsburgh was first under the 
direction of a Dr. Otto Brill of Austria. It is said that 
he was an arrogant person who insisted on his own 
methods for the recovery of radium and would not 
listen to suggestions from others. Among his associ- 
ates the first was Glenn Donald Kammer, Bachelor of 
Science in Chemical Engineering, University of Pitts- 
burgh, 1912. Years later (1925) he obtained the Doctor 
of Philosophy degree with a major in chemistry in the 
University of Pittsburgh. Kammer had ideas of his 
own concerning the recovery of radium from the low 
radium-containing carnotite ore, but Brill simply would 
not listen. Dr. Charles H. Viol, a young University 
of Chicago graduate, succeeded Brill as director of the 
laboratory. Viol had studied under the eminent 
physicists Albert A. Michelson and Robert A. Millikan 
at Chicago, and with chemist Herbert N. McCoy who 
also became an authority on radioactivity. Then 
Henry Titus Koenig, Bachelor of Science in Chemistry, 
University of Pittsburgh, 1912, joined the others. 
Kammer, Viol, and Koenig, with no prior knowledge of 
the subject, tackled the recovery of radium from carno- 
tite and succeeded. 

In December, 1912 Standard Chemical Company 
produced the first commercial radium in the world. 
As intimated previously, radium sought by Joseph M. 
Flannery for treating his sister was not available any- 
where in Europe. 

In 1938 an informative article on the Standard Chem- 
ical Company of Pittsburgh appeared in The Crucible, 
official organ of the Pittsburgh Section of the American 
Chemical Society.‘ 

In January of 1913 the Union Miniere de Haut Kat- 
anga of Brussels, Belgium, one of the world’s largest 
copper producers, discovered uranium ores in the copper 
deposits in the Belgian Congo, but development was 
postponed until 1921. The ore was refined in Belgium 
and was first marketed in December of 1922, ten years 
after Pittsburgh had placed radium salts on the market. 

In 1912 Madame Curie established an international 
radium standard, which was located in Paris; she pre- 
pared a second standard for the Pittsburgh laboratory 
of the Standard Chemical Company. This weighed 





3 PartineToN, J. R., “General and Inorganic Chemistry for 
University Students,” Macmillan and Company, London, 1949. 

4 “Famous Pittsburgh industries,” The Standard Chemical 
Company, of Pittsburgh, Pennsylvania, The Crucible, XXII, 86-9 
(April); 109-13 (May); 134-7 (June, 1938). 
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0.96 milligram. In 1914, our National Bureau of 
Standards, then known as the United States Bureau of 
Standards, acquired a third. N. F. Dorsey of the 
Bureau, visited Pittsburgh before organizing the 
Radium Standards Division. 

World War I began July 28, 1914. Europe wanted 
radium. On August 1, Glenn Kammer sailed for 
England, remaining there five months, and not return- 
ing until late December. Incidentally, he returned on 
the “Lusitania,” later sunk so catastrophically by a 
German submarine. Kammer carried four grams of 
radium as radium-barium bromide, value almost a half 
million dollars, product of the Pittsburgh laboratory. 
British newspaper headlines read “Carries Fortune in 
Radium,” and told of Kammer’s trip. On September 
25 Kammer wrote: ‘We have just delivered Manches- 
ter’s (the University of Manchester’s) first shipment 
and got the money. Rutherford is in Australia, which 
disappointed me somewhat, but it turned out beauti- 
fully for his assistant (E. Marsden, noted for researches 
on actinium and thorium) was most courteous, inviting 
me to watch the measurements, which I was glad to do 
.... I got some very useful information.... Mars- 
den found in the six tubes 106.54 mg. Ra and our (Pitts- 
burgh) figures were 106.59 mg. Marsden thought our 
measurements were quite marvelous.” Let us re- 


member that Kammer had not received any formal 
training in radioactivity, and that he was only 26 years 
old. The radium was consigned to the Royal Infirmary 
in Manchester. 

All purchasers were afraid that the American radium 


had been contaminated with the less valuable meso- 
thorium. Sheffield insisted on an assay by the Na- 
tional Physical Laboratory in Teddington. On October 
4 Kammer wrote: ‘You know the trouble we had with 
Sheffield about meso-thorium. Well, now we have 
Northampton. I expect they will not pay unless N. 
P. Lab. makes a meso-thorium determination, for N. 
P. Lab. will not certify to radium without this... . 
They do not have to take the radium at all unless we 
have Teddington certify.... Northampton has not 
decided yet to accept the bromide as they have been ad- 
vised to use sulfate.... Greenwich let the meso- 
thorium go on recommendation of Teddington.” 

Bear in mind that the United States of America was 
not yet at war with Germany. The Pittsburgh com- 
pany furnished radium to various nations. A cable to 
Joseph A. Kelly, who had accompanied Kammer to 
England, mentioned Mainz and Strassburg. Kelly 
Kammer had Scotland Yard on their necks “like a ton 
of brick.... We finally cleared ourselves.” 

On October 24 Kammer wrote to Viol: ‘I have been 
having a circus. My signature is no good at all and 
[had to cable for a power of attorney for England. I 
have to go through all sorts of maneuvers to get the 
money to Pittsburgh. If I ask for cash, they think I 
am going to steal it. They kick at everything. Swan- 
sea thought they were getting 100 milligrams of* the 
element for $7000 and now when they came to settle 
and saw 54 milligrams, they had to go and hold more 


committee meetings.... I think the whole truth of 
the matter is that these people do not want the ra- 
dium.” Northampton had also demurred until Kam- 
mer threatened to take the radium back to America. 
Things went better at Hull. On November 15 Kam- 
mer wrote that Northampton had agreed to pay for 
the radium without a meso-thorium test (actually the 
meso-thorium content of the carnotite product was 
negligible). N. P. Lab. finally convinced Greenwich, 
Swansea, and Northampton that the meso-thorium 
test was unnecessary. 

Warning Dr. Viol, Kammer continued: ‘Let Miller 
(Viol’s assistant) weigh some of the tubes as you will 
expose yourself too much.’ They held up their hands 
in horror here when I told them what I have done with 
radium. Marsden (Rutherford’s associate) said ‘You 
have done a life’s work.’ A Radium Institute man 
warned ‘watch out in four or five years from now’ and 
Doctor Robeson, an X-ray man from Northampton, 
commented, ‘I hope you get paid well for the chances 
you take.’”” Kammer closed this letter by again happily 
commenting on the close checks between the N. P. 
Lab. tests and the Pittsburgh measurements. 

In a letter sent to Kammer on December 14, Mars- 
den wrote: “I had no idea you were still in England. 
You could have come up (to Manchester) and had the 
run of the laboratory.” 

In England, Kammer addressed numerous groups of 
physicians at various hospitals. Newspaper articles 
and letters commended him for his services. 

During World War I Kammer got the idea that radio- 
active substances could play an important part in 
chemical warfare. He was interested in radiolumines- 
cence.’ He and Miller in 1921 produced at least a 
quarter of a million luminous beads for use by the 





5 Measurements were made with electrometers (quantified 
electroscopes) read through small telescopes. The modern coun- 
ters and remote control recording devices were not yet available. 

6 Viox, C. H., anp G. D. Kammer, “The application of radium 
in warfare,” Trans. Am. Electrochem. Soc., 32, 381 (1917). 

7 Vio, C. H., G. D. Kammer, ann A. L. Miter, “Decay 
and regeneration of radioluminescence,” Science, 61, 489 (1925); 
Nature, 115, 801 (1925). 


Dr. Glenn Donald Kammer Making a Measurement 
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Valise Used by Glenn. Donald Kammer for Transporting Four Grams, 
the First Shipment of American Radium to Europe, to England during 
World War I 


United States Navy. Perplexing problems were en- 
countered. On sealing the radioactive zinc sulfide into 
capillary tubes, luminescence was lost. This difficulty 
was finally overcome by placing a tiny bit of asbestos 
fluff in the opening before sealing. The beads were 
tubular with a lens on one end, diameter 1/,.-inch, plus 
or minus 14/j-inch, and of a maximum length of !/,- 
inch, with a minimum length of '/;-inch, and hermeti- 
cally sealed. Kammer had worked with zinc sulfide 
and other compounds, studying the relative influence of 
various impurities on their radium-induced lumines- 
cence. He objected seriously to the use of costly long- 
life radioactive substances for watch and clock dials 
and other luminous devices, when radium was so 
badly needed for the treatment of cancer. Further- 
more, the life of these devices was usually limited to 
five or ten years. As a consequence, radioactive sub- 
stances of shorter life replaced radium in luminous ma- 
terials. Small spinthariscopes, retailing at one dollar 
each, were made so that teachers, students, and even 
laymen could view the alpha scintillations in the dark. 

The possible value of radium to the medical profes- 
sion had to be developed. Clinics were held in various 
parts of the United States and Canada, and in Europe. 
The approval of the American Medical Association was 
needed in this country. Finally, clinics were estab- 
lished by the Mayos in Rochester, Minnesota, at the 
Harvard Cancer Clinic, and the Memorial Hospital of 
New York, in the Columbia University Cancer Clinic, 
the University of Pennsylvania, the Johns Hopkins 
Hospital, and in many others. The London Radium 
Institute and similar institutions in Germany, Austria, 
and Italy, followed. Today, most recognized hospi- 
tals are equipped for radium therapy. Before radio- 
therapy was even suggested to the medical profession, 
considerable chemical research on test. animals had been 
conducted in Pittsburgh by a group of physicians and 
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technicians in the laboratories in the Vanadium Build- 
ing. 

As is so often the case, facts were misrepresented. 
Unscrupulous individuals advertised radium water, 
making great curative claims. The water was exposed 
to a small tube of radium salt but was not radioactive 
and had no curative value. This was the forerunner 
of our experience today with ‘‘fake cures” for cancer. 

About 1918 radium salt losses in hospitals were pre- 
vented. It was observed that the shorter-lived radon 
could be used as a gas in implants or spicules, which 
could be inserted into cancerous areas through a hypo- 
dermic needle and left there. Even today, radon plants 
are being designed and constructed in various American 
cities by Arthur L. Miller, aforementioned. The 
author recalls that before radon was sold in these tiny 
implants for cancer treatment Kammer would send 
three 100-milliliter sealed bulbs of the radium emana- 
tion (so-called before it was rechristened radon) on 
occasions twice a year when three lectures each day were 
given in the University’s small lecture room. A milli- 
curie of the most dilute radon, hardly more than 0.05 
cubic milliliter, for medical use, now sells at about $2.50. 
On this basis, with the greater dilution of the large 
samples, the lecture demonstration gifts of Kammer in 
those earlier days would have been worth about $750 
each. When the radium-emanation bulbs were opened 
in tall glass cylinders, coated with slightly impure zine 
sulfide, the luminous effect was superb. Strangely 
enough, although we were unaware of the dangers of 
the radioactive material, no harm befell us. : 

Among other contributions to the field of radium and 
radioactivity, were the devices of various kinds which 
have been designed safely to handle and measure the 
dangerous substance and to help recover lost radium. 
Time and again, dressings in hospitals were lost. Oc- 
casionally the patient would slough off a dressing in a 
toilet room, or a nurse would inadvertently throw it 
out with material that was to be discarded and burned. 
It was necessary not only to trace radium in sewers, but 
to recover it from incinerator residues in the ash heaps. 

Henry Titus Koenig, another Pittsburgher, also was 
a factor. During 1913 and 1914, he was associated 
with fellow classmate Kammer and Dr. Viol in the lab- 
oratory of Standard Chemical Company. In 1914-15 
he studied under Professor George H. Hulett at Prince- 
ton; while there, with Dr. Willey A. Schlesinger, he es- 
tablished an experimental laboratory of radioactivity. 
The two incorporated the Schlesinger Radium Com- 
pany, which began operating in 1915. In this labora- 
tory, in Denver, Koenig developed luminous materials 
which were employed by the United States Govern- 
ment during World War I. In 1919 Koenig, while on 
leave of absence, spent six months with Professor Her- 
man Schlundt in the University of Missouri. He con- 
tinued as chief chemist for the Schlesinger Radium 





8 Erroneously reported value of $5,000,000 on basis of pure 
radon in “Radioactivity and the University of Pittsburgh,” J. 
Cuem. Epvc., 22, 483 (1945). 
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Company until 1921. 
for increasing the radium recovery from 50 per cent of 
the content of the ore to 88 per cent, thus obtaining 
about one gram of radium from 200 tons of handpicked 


There, he developed methods 


ore. Then the rich ore from Katanga in the Belgian 
Congo was announced. Koenig was called by the 
Union Miniere of Oolen in Brussels, Belgium, to apply 
his recovery methods to the richer ore. At the same 
time, he installed apparatus for the recovery of radium 
emanation, or radon. The Belgian development cut 
the price of radium in half and the American industry 
ceased. After the Belgian work he spent about three 
months with Madame Curie in Paris, and frequently 
visited Professor Aartz in Holland. In 1923 he re- 
turned to America, when his interest shifted from ra- 
dium to vanadium. 

The value of radium in 1914 was $120 per milligram, 
$120,000 per gram, or about $3,000,000 per ounce. 
Now the price has dropped to $50 or less per milligram. 

From 1898, the date of discovery of radium, until 
1924 the world produced about 150 grams or five 
ounces of radium salts. In 1920 the United States 
alone produced 30 grams, or about one ounce. During 
that year France and Germany had produced only two 
grams, Austria one and a half grams, and England one- 
half gram. From 1913 to 1920 Kammer, Viol, Koenig, 
and Miller crystallized over half the radium salts pro- 
duced in the entire world. Their work is an admirable 
example of American enterprise. Europe first utilized 
the richer radium ore, but America took an ore which 
was only one-hundredth as rich as that of the Bohemian 
deposits and successfully recovered the radium. This 
tendency has repeated itself time and time again in 
commercializing processes for the recovery of natural 
substances occurring in very low concentrations. A 
specimen of the original radium-barium bromide pro- 
duced by Kammer and his associates is still in use in the 
University of Pittsburgh. One milligram which was 
presented by Kammer is exhibited regularly to classes 
at the time when radium and radioactivity are studied. 

In 1921 the women of America subscribed $100,000, 
by giving one dollar each, toward a fund for the pur- 
chase of a gram of radium for Madame Curie, for use 
in her researches in Paris. The presentation was made 
to Madame Curie in June, 1921, in The White House, 
by President Harding. On the occasion of this visit to 
America she also spent some time at the Standard 
Chemical Company’s plant in Canonsburg and in the 
laboratories in Pittsburgh. It was on the occasion of 
this visit that the University of Pittsburgh conferred the 
honorary degree of Doctor of Laws. The Chemistry 
Department of the University has a replica of the ten 
tubes which contained one-tenth of a gram each. This 
replica is shown regularly at lectures on radium and 
radioactivity. It was prepared by Dr. Kammer. He, 
Viol, and Miller had been instrumental in crystallizing 
the gift. Its normal value at that time would have 
been $120,000. The Company provided the specimen 
for $100,000. 

In informal chats with Kammer it developed that 
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the cost of radium could have been appreciably lower 
had it not been for American business acumen. It 
seems that the Belgians had even threatened to market 
their product at a lower cost, until what resembled the 
modern cartel was established by the Standard Chemi- 
cal Company of Pittsburgh in conference with the 
European producers. At any rate, the price remained 
$120 per milligram. Considering that radium has a 
long life—a half life of 1590 years—and that only about 
1 per cent is lost in 25 years, the sale to the medical 
profession and others would necessarily fall off with 
time, for it is not a material which has to be replaced 
constantly like other commodities. Under those cir- 
cumstances perhaps the maintenance of high price 
levels was justifiable. 

For his Ph.D. dissertation Glenn Kammer completed 
an important treatise on ionium, which was published 
under the joint authorship of Kammer and the writer.’ 
This was in line with his effort to discover substances of 
shorter life which could be substituted for the more pre- 
cious radium in luminous materials used in commercial 
articles of comparably short lives. As a consequence, 
the radium with its longer life, could be conserved for 
medical use. 

Kammer,” Koenig,'! and Viol all died from the harm- 
ful effects of the powerful gamma rays of radium. On 
the other hand, thousands of persons have benefited 
from their proper application in the treatment of can- 
cer. The pioneers suffered the consequences of inex- 
perience in the handling ¢f this substance, which is so 
deadly and yet so beneficial. Considering the thick 
lead shields and the heavy concrete walls, the latter 
usually many feet in thickness, which are employed 


®“Tonium. I. Regovery of ionium from carnotite; II. 
Adsorption of ionium-thorium by barium sulfate; III. Ionium- 
thorium ratio in carnotite,” J. Am. Chem. Soc., 47, 4512-22 
(1925). 

10 SItvERMAN, A., “Glenn Donald Kammer,’”’ News Edition, 
Ind. Eng. Chem., 5, No. 23, 9 (1927). 

11 SrtveRMAN, A., “Henry Titus Koenig,” Science, 80, No. 
2062,.8 (1934). 
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in modern atomic energy plants, it is small wonder that 
the pioneer workers with gamma rays were the victims 
of their researches. The writer well recalls that Dr. 
Kammer, although he had repeated transfusions, some- 
times several per day over a period of many weeks, 
never brought his red count back to normal because 
of the destruction of the bone marrow which functions 
in red cell formation. Kammer died of radium anemia 
November 7, 1927. Viol died in April, 1928, of radium- 
induced cancer of the hand, arm, and lungs. Koenig 
died May 20, 1934, of a tumor of the hip joint. They 
shielded themselves as best they knew how, but not 
sufficiently to ward off the deadly gamma rays. Miller, 
still active in the engineering field, has been physically 
handicapped, although he worked in the laboratory 
for only a comparatively short time. 

Through interest stimulated by his pupils, Kammer 
and Koenig, the writer was one of the first to include 
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radioactivity in his lectures. These talks were included 
regularly in the introductory chemistry courses. He 
is eternally grateful to these martyrs to studies in 
radioactivity. A specimen of radium bromide, which 
was presented by Kammer, and the carnotite ore and 
willemite which he gave to the department, are stil] 
used to illustrate lectures on radium and radioactivity. 
The old forceps and instruments with which the danger- 
ous radium compounds are handled were given by Kam- 
mer. Also, there are the flasks which turned purple 
because they contained radioactive materials. These 
were used in the Mayo Clinic in Rochester, Minnesota, 
in the early days. Ali of these were linked with the 
pioneer work which was begun in Pittsburgh. 

In conclusion, the ever-willing cooperation of Mrs. 
Glenn Donald Kammer, Arthur L. Miller, and Joseph 
A. Kelly is gratefully acknowledged. Without access 
to letters and other documents which Mrs. Kammer 
provided, much important information would have been 
lost. 
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Dr. ARNE HotmBeRra, Director of the Library of the R. Swedish Academy of Sciences, Stock- 
holm, has informed us that the source material of the article, ““Berzelius and Goethe,” (27, 68 
(1950)), is ‘Jac. Berzelius,’”’ by H. G. Séderbaum, Bd. 2 (Uppsala, 1929). Prof. Séderbaum’s 
“Jac. Berzelius” (in three volumes, 1929-31) is the standard work on Berzelius. 





INTRt 


The 
to hay 
tory 
Paper 
tory | 
valida 
Studie 
do rev 
trainil 
hibite 
provid 

The 
have 1 
of tea 
an exe 
imprac 
perfon 

The 
formar 
service 

; Ma. 


7. I 


1 HENI 
? Hort 
tory Wo 
College, | 
3 Bure 
of Labor 
water, Ol 














ed 
He 


ch 
nd 
‘ill 
ty. 
er- 


dle 
Ese 


the 


ph 
ess 
ner 
en 


ative 
fag., 
ional 


on of 








4a LABORATORY PERFORMANCE TESTS IN 


CHEMISTRY 


INTRODUCTION 


The traditional type of examination has been found 
to have negligible value for assessing the effect of labora- 
tory work upon a chemistry student’s education. 
Paper and pencil tests! do measure knowledge of labora- 
tory skills and procedures but have not yet been 
validated as measures of laboratory performance. 
Studies?» * indicate that performance or practice tests 
do reveal that students who had individual laboratory 
training have skills and abilities which were not ex- 
hibited by students whose course in chemistry did not 
provide laboratory practice. 

These findings of Horton and Burrows, however, 
have not been used by teachers of science. This lag 
of teaching practice behind demonstrated validity of 
an examination form is, in all probability, due to the 
impracticability of the method of administering the 
performance tests. 

The following occur to the writer as reasons that per- 
formance tests have not come into use by teachers in 
service: 

1. The tests formulated by the investigators were 
individual tests requiring one proctor for each 
student examined. 

2. There is a hazard of “carry-over” from one 
student to the next in sequence when there is a 
time interval between tests. 

3. To reduce “carry-over” different items would 

be used on late comers. This has three li- 

abilities: increased burden of test construc- 

tion, decreased comparability of student re- 
sponses, and increased demands for perform- 
ance equipment. 

Rating by score card is not desirably objective. 

Providing performance equipment adds to the 

administrative burden of performance tests. 

This falls upon both storeroom personnel and 

teaching staff. 

6. When equipment and supplies are used in a test’s 
administration there is always a time require- 
ment for “clean-up” and “put-away.” 

7. It is more difficult to prepare acceptable items 


1 Henpricgs, B. Currrorp, J. Comm. Epuc., 22, 544 (1945). 

2 Horton, R. E., ‘“Measurable Outcomes of Individual Labora- 
tory Work in High School Chemistry” Bur. Pub. Teachers’ 
College, New York, 1928. ‘ 

3 Burrows, J. Austin, Unpublished Monograph. ‘‘Methods 
of Laboratory Instruction,” Oklahoma A. & M. College, Still- 
water, Oklahoma (1936). 
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requiring performance with equipment than 
those asking for remembering and under- 
standing. 

8. It is easier in such tests for a student to get 
suggestive leads from his neighbors than in 
pencil and paper tests. 


A number of criticisms listed above may be some- 
what alleviated. Performance tests may be con- 
structed for administration to groups instead of in- 
dividuals. Responses may be required by the stu- 
dent’s entry upon his individual score card rather than 
upon a score card in the hands of the proctor. The 
items may be so formulated that use is made of stand- 
ard desk equipment rather than special apparatus. 
The minimum of chemicals and of equipment items re- 
quired may be drawn from the storeroom by the student 
the day before the test. The “clean-up” and “put- 
away” may be incorporated into the test as scorable 
items. An approach to privacy of the examinee may 
be attained by using the two desk drawers placed upon 
either side as screens. (An excuse, to the student, for 
this arrangement may be, that your burner flame 
may be steadied as you bend the glass.) 


WHAT OUTCOMES THE TEST SHOULD MEASURE 


Horton‘ has listed the measurable outcomes of 
laboratory work as: Ability to manipulate apparatus, 
to make experimentation involving apparatus, and to 
solve perplexities or projects involving the use of 
chemical facts in laboratory situations. Another 
phrasing! for measurable aims of laboratory practice 
says: “The item is to require the expression of chem- 
istry in terms of chemicals or equipment. Or concrete 
chemical substances and equipment are to be required 
to have chemical meanings.”’ Thus outcomes or aims 
of laboratory work appear to be related to apparatus, 
chemicals, and processes involving equipment and 
chemicals. It is in order, then, to ask, “What are the 
techniques and processes of which general chemistry 
students should have knowledge and skill?” 

Books on chemical engineering’ organize their con- 
tent around what they call wnit processes. Are these 
unit processes of engineering chemistry suggestive for 
compiling a list of technique objectives for general 
chemistry? ‘These unit processes are, generally, phys- 

‘Horton, R. E., loc. cit., p. 100. 


5 BapGer, W. AND Ww. L. McCabe, “Elements of Chemical 
Engineering,” McGraw-Hill Co., Inc., New York, 1931. 
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ical processes, but they are, nevertheless, processes 
that produce results that have chemical meanings. 
Manuals® devoted to standardized techniques, are 
another helpful source of listings of apparatus with 
special reference to correct manipulation. From these 
sources and current laboratory manuals for general 
chemistry the following equipment and process units 
have been compiled after checking with an unpublished 
list prepared at the 1941 University of Chicago Summer 
Workshop.’ : 


REFERENCE LIST OF TECHNIQUES, PROCESSES, AND 
EQUIPMENT UNITS 

Unit Processes; (1) Crushing and grinding. (2) 
Crystallization. (3) Decanting. (4)  Dissolving. 
(5) Distilling. (6) Drying by heating or desiccation. 
(7) Evaporation by aid of vacuum. (8) Filtering by 
gravity or suction. (9) Gas techniques: adsorption, 
collection. (10) Mixing. (11) Sieving (size separa- 
tion). (12) Sublimation. 

Miscellaneous Techniques: (1) Glass work: fabrica- 
tion, repair. (2) Heat sources: Bunsen burner, blast 
lamp. (3) Reagents: care, dispensing. (4) Rubber 
use: stoppers, tubing. (5) Waste materials: removal, 
disposal. (6) Safety procedures: concentrated sul- 
furic in water, proper catalyst (not charcoal) in potas- 
sium chlorate, concentrated sulfuric on chloride not 
chlorate, sodium peroxide in cold water, hydrogen gas 
ignition, ammonium nitrate decomposition, absorption 
of poisonous chlorine or hydrogen sulfide, detecting 
odors, tasting (?), “foolproof” generators. 

Glass Tube Units (Student-made for setups): (1) 
Equal arm, 5-cm. right-angle. (2) Unequal arm, right- 
angle: 2.5 X 10 cm.,5 X 15cm. (3) Unequal arm, 
5 X 15 cm., 135-degree angle. (4) Open straight tube, 
15cm. (5) Stirring rod, 15cm. (6) Pipet tip, 5 cm. 

Process Apparatus Units: (1) Gas or vapor genera- 
tor, from: liquid and solid, solids. (2) Reaction cham- 





* Spracus, N. G., “Basic Laboratory Practice,’ Chemical 
Publishing Co., Inc., Brooklyn, 1940. 
7 Apams, C. S., J. Caem. Epuc., 19, 267 (1942). 
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ber units: gas on solids, gas on liquid, liquid on solid. 
(3) Absorption units: solid for gas or vapor, liquid for 
gas or vapor. (4) Condenser units for: distillation, 
sublimation. 


A SAMPLE TEST 


If skill in the recognition, use, and understanding of 
the above-listed processes and units constitutes an 
acceptable evidence of achievement in the laboratory, 
the construction of a test becomes a matter of selecting 
adequate samples of such units or processes for identi- 
fication, use, and interpretation. 

That which follows is submitted as an illustration of 
how to construct a performance test utilizing some of 
the suggestions, previously made, for improving the 
practicality of laboratory performance tests. In this 
test the principal problem is: “A study of the decom- 
position of starch.”” The problem is broken down into 
five parts, each so designed as to test as many elements 
of laboratory technique and skill as possible in a mini- 
mum of time. These parts are: 


Glass fabrication. 

Improvement of an incorrect setup. 

Generation, washing, collecting, and testing gases. 

Disassembly of the apparatus used. 

Quantitative reading of: volumes, length, and 
weight. 


> 99 Oo 


For Part 1 the student has been provided with a 35- 
em. piece of glass tubing, a file, Bunsen burner, wing- 
top, and metric rule. The requirement is: prepare a 
5- X 15-cm. right-angle bend and a 15-cm. straight 
delivery tube. The proctor rises the following score 
card. Credit one point for each item performed 
acceptably. 


Planning, 7. e., bend made before cut. 

Use of the file and method of making the break. 
Correct use of the wing-top. 

Turning the glass tube as it was heated. 

Bend, 90 degrees and in one plane. 

Tube ends fire-polished. 


For Part 2, provide a diagram labeled ‘Wash bottle 
for removing a gas from a gas mixture.” (See figure.) 
It is required that the student improve the setup by 
use of equipment and supplies previously secured for 
this test. ‘The score suggested for this part is: 


Pe > 99 50 


1. Increase limewater depth. 

2. Change the generator unit to the 5- X 15-cm. 
delivery tube, B. 

3. Substitute a two-holed for the three-holed stopper 
(or properly plug the third hole). 

4. See that glass tube ends extend through stopper 
holes. 


For Part 3 the directions would require that the 
improved unit for Part 2 be connected to additional 
equipment for collecting and testing gases that may be 
generated from a heated mixture of sand and starch. 
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The gases are to be washed by passage through the 
bottle prepared in Part 2. The student has previously 
been alerted to needed equipment for such setups. 
The starch-sand mixture is issued to him by the proctor. 
The student is told that he will be rated on both setup 


and meaning he gets from the results. Score card for 


this setup may include: 


1. Use of 135-degree bend as part of delivery tube 
to pneumatic trough. 

2. Use of 15- X 2/:-cm. right-angled bend at end 
of delivery tube. 

Glass ends “‘butted” within rubber connections. 

Proper placement of the trough bridge. 

Collecting bottle free from air. yf 

Proper heating of the generator. 


D> Om go 


As an interpretation of the experiment, the following 
might be required: 


1. What does the change in the wash bottle in- 
dicate? 

2. What property made the gas collectable? 

3. If the gas collected burns what property of its 
constituents is indicated? 

4. What possible third gas is in the decomposition 
products? 

5. What may the residue in the generator be? 

6. Explain four or more decomposition prod- 
ucts from starch, a three-constituent com- 
pound. 


The direction for Part 4 would have the apparatus 
used in Part 3 taken apart and thoroughly cleaned 
before storage in the desk drawers. The score items 
of this performance might be: 


1. Use of towel as protection while removing glass 
from rubber. 

2. Water-wash but not inside drying of insides of the 
bottles. 

3. Use of a deflagrating spoon handle or glass tube in 
removing residue from the generator. 

4. Grouping pieces as they are put into the drawer 
for storage. 


The reading called for in Part 5 would be made by 
the student by a time given him at the first of the 
period. By so doing one set of samples could be made 
to serve the whole group. Scoring on these readings 
might give two units upon each: one for the correct 
whole number and the other for the correct decimal 
unit value. The measurements are: 


1. Volume of mercury in an eudiometer tube. 
2. Volume of transparent liquid in a buret. 
3. The length of a wire on a meter stick. 
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4. Weight of a glass stopper balanced on a triple- 
beam lance. 


In preparing for this test the student would be 
asked to inventory his desk equipment, the last labora- 
tory day before the examination, to make sure he had a 
hard glass test tube with a one-hole stopper to fit, two 
wide-mouthed bottles with two- and three-hole stoppers 
to fit, a complete set of ‘“student-made glass tube units” 
(se2 paragraph three under section entitled “Refer- 
ence. .. Equipment Units’’), a 20-cm. length of rubber 
tubing, wing-top, Bunsen burner and tubing, metric 
rule, pneumatic trough and bridge, glass plates, de- 
flagration spoon, matches, and towel. The proctor 
will make sure there is a 35-cm. length of glass tubing, 
and proper supply of filtered limewater and sand- 
starch mixture so that there may be no delay in their 
issue to the students at the first of the examination 
period. 

On the day of the examination the student would 
repair to his desk as usual at an assigned hour. Unless 
his time to read the instruments in Part 5 interferes 
he would begin at once upon Part 1 after receiving a 
direction sheet, the glass tubing, and sand-starch 
mixture. His direction sheet carries the form for re- 
port on parts 4 and 5. The proctor keeps his score 
record upon a master sheet and transfers that record to 
the student sheet after the test. 


DISCUSSION AND CONCLUSION 


The writer has found that the requirements set forth 
in the tests just described may be met by a student in a 
period of one hour. A single assistant can proctor 
six students and rate them for the ten items subject to 
observational scoring. This means that in a three- 
hour period, per usual laboratory session, a given assist- 
ant can get a set of performance test scores for all 
individuals of his 18-student laboratory section. 
This represents an allotment of from 3 to 6 per cent of 
total laboratory time per semester for laboratory testing 
compared to the usual 12 to 18 per cent of his lecture 
time so allotted. 

Experienced teachers will have little difficulty in 
using some such pattern in setting up other problems to 
test these or other aspects of laboratory performance. 
They also may wish to prepare two or more comparable 
forms for a given problem to use with examinee groups 
which come at different times for the test. The writer 
would, above all, emphasize the necessity of persistent 
experimentation within the teaching program. This 
he believes to be the pragmatic means of improving the 
quality of the teaching services to the students in the 
college chemistry classes. 


e COLLOIDAL ELECTROLYTES 


Asour forty-five years ago studies on casein, soaps, 
and Congo Red led outstanding colloidal chemists of 
that day to the recognition that solutions of certain 
colloids had characteristics in common with those of 
ordinary electrolytes. For example, J. Duclaux in 
1909 compared some colloids, such as a hydrous iron 
oxide sol formed by hydrolysis of ferric chloride, to 
regular electrolytes (9). Independently in 1910, W. B. 
Hardy published a paper with the title “Electrolytic 
colloids,” and included in that group soaps and pro- 
teins (19). Shortly thereafter J. W. McBain defined 
“colloidal electrolytes” as “salts in which an ion has 
been replaced by a heavily hydrated polyvalent micelle 
that carries an equivalent sum-total of electrical 
charges and conducts electricity just as well or even 
better than the simple ion it replaces” (58). 

Colloidal electrolytes constitute one of the two 
major subgroups of the general class of lyophilic col- 
loids. The other major subgroup comprises lyophilic 
colloids such as rubber or polyvinyl chloride which are 
dissolved or peptized readily in a suitable solvent but 
which are nonelectrolytes. Colloidal electrolytes con- 
tain particles, micelles, or aggregates of ions, one or 
more of whose dimensions is in the “colloidal range” 
(i. e., between 10-7 and 10-* cm.) which when dis- 
solved conduct electricity about as well as solutions of 
simple ionized salts such as sodium or calcium chloride. 
Their good,. well-defined conductivity is due to ion 
groups such as carboxylate, sulfonate, or alkyl sulfate 
which are an integral part of the colloidal particle or 
micelle. This is in direct contrast to the weak elec- 
trical conductivity of lyophobic sols due to impurities 
or to sorbed ions. ‘The definition of colloids in terms 
of size is arbitrary. Such systems are perhaps better 
defined in terms of the appearance of certain properties 
characteristic of this range of particle sizes. These 
properties include non-diffusibility or a very slow rate of 
diffusion through parchment or collodion membranes, 
scattering of light in the well-known Tyndall effect, 
and the great importance of surface interaction or 
sorption on the behavior of the particles. Because of 
the relatively large size of colloidal particles as com- 
pared to simple ions, osmotic or colligative effects, 
which depend on the number of particles in solution, 
are small. The distinguishing feature of colloidal 
electrolytes is the combination of low osmotic or col- 
ligative effects with good electrical conductivity. 

Two general types of colloidal electrolytes may be 
distinguished. In the first the particle is a single 
molecule held together by primary covalent chemical 
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bonds which is of such a size that it comes within the 


colloidal range and exhibits the characteristic proper-. 


ties. The size of the particle is negligibly affected by 
changes in temperature or concentration or by the addi- 
tion of salts. The colloidal particle does not diffuse 
through parchment or collodion membranes. This is a 
large and important class. It includes practically all 
proteins (except when at their isoelectric points), and 
such ionizable carbohydrate colloids as alginic, pec- 
tinic, and polyuronic acids, carboxymethylcellulose, 
gum arabic, and their soluble salts. Solutions of 
cellulose xanthate in alkali used in the production of 
viscose rayon are industrially important members of 
this class as are the lignin sulfonic acids and their salts 
obtained in the sulfite pulping of wood. Synthetic 
polymeric products such as the polyacrylic acid and 
polyvinylpyridonium salts which Fuoss calls ‘“‘poly- 
electrolytes” (12) belong in this first group of colloidal 
electrolytes. Also included are the sodium and potas- 
sium silicates which are simple dissociated electrolytes 
when their silica to alkali (Na2O) molecular ratio is one 
or less, as in the meta- or sesquisilicate, but show col- 
loidal properties when this ratio is greater than about 
three (60). Application of modern techniques and 
theory to inorganic colloidal electrolytes such as the 
siliceous soluble silicates and the polyphosphates should 
greatly increase our meager knowledge of their consti- 
tution. The first, single molecule, type of colloidal elec- 
trolytes can be designated as the “molecular’’ type. 
The second type of colloidal electrolyte, with which 
this paper is primarily concerned, can be designated as 
the “micellar,” “associated,” or “aggregated” type. 
In extreme dilution solutions of members of this group 
show osmotic or colligative effects equal to those of 
simple ionized salts such as sodium chloride, and the 
variation of electrical conductivity with concentration 
expected solely on the basis of electrostatic interaction 
of the ions. With increasing concentration the osmotic 
or colligative properties become smaller than would 
be obtained even for a nonelectrolyte and yet the solu- 
tion is still a good conductor of electricity showing that 
ionized particles are still present. The decrease in the 
osmotic coefficient is due to aggregation of the ions 
into a particle or micelle of colloidal dimensions. In 
contrast with the first type the size of the particle is 
greatly affected by change in temperature, concentra- 
tion, or the addition of salts. Such changes are readily 
reversible. Since the ions in the micelle are in equilib- 
rium with free unaggregated ions, which are sufl- 
ciently small to pass through small pores, these colloidal 
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electrolytes diffuse slowly through membranes. Mem- 
bers of this group are the soaps of saturated, unsatu- 
rated, branched or straight chain, cyclic or aromatic 
acids containing more than about eight carbon atoms 
which have been neutralized with either alkali metal 
hydroxides or organic bases such as triethanolamine. 
Long chain sulfonic, nucleic, or sulfuric acids, amines, 
quaternary ammonium, phosphonium or arsonium 
bases, and their salts are also included. Aromatic 
ring compounds such as alky] substituted phenanthrene 
and naphthalene sulfonates, cholesterol sulfates, and 
bile salts belong in this group as do the lecithins and 
numerous dyes such as Congo Red. Formulas of some 
colloidal electrolytes in this second group are given in 
Table I. 
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The “micellar” or aggregated class of colloidal elec- 
trolytes may be divided into an anion active group 
whose long chain or polycyclic micelle-forming ion has 
a negative charge as in sodium palmitate, and a cation 
active group whose aggregating ions carry a positive 
charge as in lauryl pyridinium chloride. Colloidal 
electrolytes have been prepared which contain long 
chain groups in both cation and anion. Most of these 
are water insoluble but octyl trimethyl ammonium 
octyl sulfonate is sufficiently soluble at ordinary tem- 
peratures to behave as a colloidal electrolyte (76). 
Both long chain cations and anions probably form 
these micelles. 

A wide variety of nonelectrolytic detergents has be- 
come commercially available in recent years, most of 





TABLE I 
Some Typical ‘‘Aggregated"’ or ‘‘Micellar’’ Colloidal Electrolytes 
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which are made by condensing ethylene oxide with long 
chain or cyclic alcohols, mercaptans, ethers, phenols, 
and acids. These molecules aggregate to form micelles 
in aqueous solution and in many of their properties 
resemble the soaps and synthetic detergents. Since 
solutions of pure nonelectrolytic detergents do not con- 
duct electricity, these cannot be considered colloidal 
electrolytes. They can be regarded as belonging to 
the nonelectrolyte class of lyophilic colloids and as 
comprising the “aggregating” or “micelle forming” 
group of this class in contrast with the high polymer or 
molecular group whose molecules constitute the col- 
loidal particle. 

Micellar colloidal electrolytes have great biological, 
industrial, and theoretical importance. The bile salts 
are essential for the proper absorption of fats and other 
water-insoluble foods and medicinals in the intestines 
of living mammals. Cationic detergents are becoming 
widely used as germicides and bactericides. The con- 
tribution of soaps and the modern synthetic deter- 
gents to human welfare, health, and happiness by fight- 
ing filth and disease and improving morale is well 
recognized. The present production of sodium soaps 
in the United States is around three billion pounds per 
year and an additional 500 million pounds of synthetic 
organic detergents and about 50 million pounds of 
potash soaps are being manufactured. 

Research on micellar colloidal electrolytes has been 
and still is of considerable importance in the develop- 
ment of the modern theories and understanding of col- 
loids. Thirty years ago it was believed that colloids 
had unknown and variable structures and properties 
that were at best only qualitatively reproducible. 
The work on soaps and synthetic detergents demon- 
strated that these substances of known, relatively 
simple structure form colloidal particles whose proper- 
ties are completely and quantitatively reproducible. 
These colloidal micelles are in true reversible, thermo- 
dynamic equilibrium with each other and with simple 
ions. Systems of soaps, bile salts, and synthetic deter- 
gents conform to physicochemical laws such as the 
phase rule. However, they also show new and unex- 
pected properties which necessitate the extension and 
modification of previous physicochemical laws and 
theories and the development of entirely new ones 
unique to the colloidal electrolytes. 


EARLY WORK ON SOAPS 


McBain’s definition of colloidal electrolytes was 
based on careful studies (beginning in 1908) of the 
physicochemical properties of solutions of pure sodium 
and potassium soaps. When this work was started 
soap was believed to be just an ordinary colloid. This 
was largely due to the observations of Krafft who in 
1895 reported that soap solutions boil at practically the 
same temperature as pure water and of Smits who 
stated in 1902 that their vapor pressure was also not 
significantly different. Kahlenberg and Schreiner had 


shown in 1898 that dilute soap solutions conduct elec- 
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tricity but this was generally attributed to the alkali 
formed by hydrolysis and to impurities. McBain 
first showed that soap solutions over a wide concentra- 
tion range had electrical conductivities comparable to 
those of ordinary electrolytes such as sodium chloride 
and acetate. He next demonstrated by means of 
potential measurements with’ the hydrogen electrode 
and by the rate of the alkali-catalyzed decomposition of 
nitrosotriacetonamine that the hydrolysis alkalinity of 
soaps was very small and could not account for their 
observed conductivity. For example, the per cent 
hydrolysis of Sodium palmitate in water at 90° was 0.2 
at 1.0 N soap and 6.6 at 0.01 N corresponding to hy- 
droxy] ion concentrations of the order of 0.001 N. The 
sodium hydroxide formed by hydrolysis could at the 
most account for about 26 per cent of the conductivity 
at 90°C. of a 0.01 N sodium palmitate solution and 
only 1.2 per cent at 1.0 N. At least part of the soap 
was therefore dissociated into ions. 

On reinvestigating the colligative effects of soap solu- 
tions, McBain found that the measurements of Krafft and 
of Smits were in error due to the presence of relatively 
large amounts of dissolved or occluded air. Measure- 
mentsof thedew-point lowerings of soapsolutionsat 90°C. 
by techniques which eliminated this error showed they 
had a small but significant osmotic effect. Some of 











these measurements are summarized in Table II. They 
TABLE II 

Dew-Point Lowering (°C.) of Sodium Soap Solutions at 
90°C. (58) 

Soap 0.2N O086N 1.0N 1.68N 

Caprylate 0.17 0.37 0.62 S 

Laurate 0.15 0.28 0.34 0.33 

Palmitate 0.13 0.20 0.25 0.22 

Stearate 0.11 0.18 0.23 0.18 

(Any nonelectrolyte-theory) 0.10 0.24 0.48 0.72 

(Uni-univalent salt-theory) 0.20 0.48 0.96 1.44 


(100%, ionized) 





can be regarded as essentially equivalent to a rise in 
boiling point under reduced pressure at 90°C. In all 
cases the osmotic effect of the soap solutions is less than 
would be obtained if they were completely dissociated 
into simple ions. In concentrated solutions of the 
thigher molecular weight soaps the observed osmotic 
effect is actually considerably smaller than would be 
produced by a nonelectrolyte or if no dissociation 
occurred. However, the high electrical conductivity 
of these solutions shows they are extensively dis- 
sociated. McBain attributed this apparent discrep- 
ancy to the association or aggregation of the long chain 
soap ions into colloidal micelles which did not exert 
an appreciable osmotic effect. The number of simple 
sodium and other ions as determined by the dew-point 
lowering was not nearly sufficient to account for this 
observed good electrical conductivity. Therefore at 
least part of the colloid conducted electricity and was 
ionic. This “ionic” micelle is in reversible equilibrium 
with other constituents of the solution. The extent of 
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micelle formation increases with concentration and 
chain length of the soap ion, and decreases with in- 
creasing temperature. During the past 30 years con- 
siderable evidence of all types for the validity of this 
explanation has accumulated and today it is generally 
accepted as correct. 


PHYSICAL CHEMICAL PROPERTIES 


A correct understanding of the nature of solutions 
of colloidal electrolytes can only be obtained from a 
comparison of many properties over a wide range of 
concentrations for a variety of types of representative 
compounds. Experience has shown that explanations 
or deductions based only on a few properties or over a 
limited concentration range are apt to be misleading. 

Colligative Properties. Osmotic or colligative proper- 
ties are those which depend on the number of particles 
in a solution rather than on their nature. The dew- 
point method is satisfactory for determining the os- 
motic activity of colloidal electrolytes in moderate and 
high concentrations but not sufficiently accurate for 
low concentrations. Freezing points determined in 
moderate conceritrations by the Beckmann method and 
in dilute solutions by the precise differential method of 
Scatchard are good methods for the micellar colloidal 
electrolytes. Unfortunately most soaps and deter- 
gents are too insoluble at 0°C. to be studied by this 
method over the desired range of concentrations. As 
stated earlier vapor-pressure and boiling-point deter- 
minations on soap and detergent solutions are usually 
in error due to dissolved or occluded air, but if great 
care is taken satisfactory values can be obtained by 
the former method. Isopiestic methods and isother- 
mal distillation through a porous plate membrane (27) 
have been used; precise values at low concentrations 
are difficult to obtain by these techniques. Osmom- 
eters have not been satisfactorily used in the study of 
micellar colloidal electrolytes due to difficulties in ob- 
taining suitable semipermeable membranes and in 
correcting adequately for sorption and membrane 
equilibrium effects. Recently the Hill-Baldes vapor 
tension technique has been employed to study the os- 
motic effects of colloidal electrolytes over a range of 
temperatures (11, 74). 

Measurements of colligative properties are conven- 
iently expressed in terms of Bjerrum’s osmotic coeffi- 
cient, g, which may be defined as the ratio of the value 
of the observed colligative property to the theoretical 
value if the solute were 100 per cent ionized and inter- 
ionic attraction and hydration effects neglected. 
Osmotic coefficients of potassium oleate solutions con- 
taining four equivalents per cent excess potassium 
hydroxide to suppress hydrolysis are shown in Figure 1 
as a function of the concentration. These values were 
determined from freezing points. The osmotic coeffi- 
cient is then defined as g = 0/(2 X 1.858 M), where @ 
is the freezing-point depression in degrees C. and M the 
molality. The potassium hydroxide does not combine 
with the soap. Corrections for the relatively small 
osmotic effect of the alkali were made by subtracting 
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Figure 1. Osmotic Coefficient of Potassium Oleate and Potassium 


Chloride Solutions as a Function of the Square Root of the Concen- 
tration (30) 


from the total observed value its theoretical Debye- 
Hiickel effect at that particular concentration. The 
osmotic coefficients of the soap at concentrations be- 
low about 0.0005 N are approximately the same as 
those of potassium chloride. In extreme dilution the 
variation of the osmotic coefficient of soaps and deter- 
gents with concentration is that expected on the basis 
of the Debye-Hiickel theory for a uni-univalent strong 
electrolyte. However, over the concentration range 
from 0.001 N to 0.06 N, the osmotic coefficient de- 
creases gradually to one-tenth the value for potassium 
chloride at the same concentration. Thereafter the 
osmotic coefficient appears to remain almost constant 
but does increase somewhat above about 0.3 N. The 
activity coefficient falls to a much lower value and 
continues to fall after the osmotic coefficient is almost 
constant. 

Osmotic coefficients determined from freezing points 
are shown in Figure 2 for a series of four commercially 
available wetting agents. These are dialkyl esters of 
the sodium salt of sulfosuccinic acid where the alkyl 
groups are 2-ethyl hexyl for Aerosol O'F, dimethyl amyl 
for Aerosol MA, amyl for Aerosol AY, and isobutyl for 
Aerosol IB. The curves show that the concentration 
at which the osmotic coefficient rapidly diminishes from 
that obtained for potassium chloride is greater for low 
molecular weight members of a homologous series 
than for high molecular weight compounds. All 
micellar colloidal electrolytes exhibit the same type of 
variation of osmotic coefficient with concentration as is 
shown in Figures 1 and 2. 

When the vapor-pressure lowering or osmotic activity 
of micellar colloidal electrolytes is plotted as a function 
of the concentration two approximately straight inter- 
secting lines result. The steeper slope at greater dilu- 
tions corresponds to an effect produced mainly by 
simple ions whereas that at higher concentrations re- 
flects the micellar aggregation of these ions. The point 
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Figure 2. Osmotic Coefficients of Branched Chain Colloidal Elec- 

trolytes of Different Molecular Weights (45) 





at which these two lines appear to intersect is com- 
monly called the critical concentration for micelle 
formation. Actually there is no discontinuity in the 
slope corresponding to a point of intersection of two 
straight lines because no phase change occurs in the 
system. However, enough molecules appear to be 
involved in the aggregation of long straight chain 
saturated colloidal electrolytes to make the concept 
of a critical concentration as a point rather than a 
range a useful one for these particular substances. 
The critical concentration for micelle formation repre- 
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Shown by Colloidal Electrolytes (46) 
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sents the region in which the majority of the micelle 
formation begins, but the extent of micelle formation 
increases over a wide range of concentrations. There 
is also considerable evidence that some type of micelle 
or ion aggregate is formed below the critical concen- 
tration. Micelle formation in cyclic or unsaturated 
colloidal electrolytes occurs more gradually than with 
long straight saturated chain detergents and the con- 
cept_of the critical concentration as a point then be- 
comes somewhat misleading. 

Brady discovered that practically all osmotic coeffi- 
cients of colloidal electrolytes could be described by 
one of three curves on the same diagram if the concen- 
trations were multiplied by a suitable factor (46). 
This is conveniently done by dividing the molality of 
each known osmotic coefficient by the molality at 
which the osmotic coefficient is equal to 0.5. Curves 
obtained in this manner are shown in Figure 3. The 
curve labeled “normal” was obtained from freezing 
points of solutions of potassium caprylate, caprate, and 
laurate, lauryl sulfonic acid, and dodecylammonium 
acetate. The curve labeled “branched” describes 
freezing-point data on potassium oleate, Aerosols IB, 
AY, MA, and OT, and a cationic detergent with the 
formula 


: CH—CH 
C,,H,,COOC;H,NHCOO—CH,—NZ Ycu 
‘\CH=CH 


The double bond in the oleate gives a kinked nonlinear 
molecule which is evidently about as effective in pre- 
venting close packing as the highly branched Aerosols. 
The third curve with the “cyclic” designation sum- 
marizes freezing-point measurements on sodium deoxy- 
cholate. This pol¥cyclic bile salt forms micelles more 
gradually over a longer range of concentrations. Os- 
motic coefficients greater than 0.9 or less than 0.2 are not 
included in the graph because of interfering Debye- 
Hiickel effects at high values and hydration effects at 
low values. The dashed line represents the maximum 
limiting slope at which the solution would fall into 
separate layers. 

Electrical Conductivity. Equivalent conductivities 
at 18° and 90°C. of potassium acetate and a series of 
soaps as a function of concentration are shown in 
Figure 4 (60). Similar data on a family of long straight 
chain amine hydrochlorides as a function of the square 
root of the concentration are illustrated in Figure 5 
(78). These curves are typical for long-chain elec- 
trolytes with the ionizable group at the end of the 
chain. They show a gradual decrease in conductivtiy 
with increasing molecular weight and the appearance 
of soaplike or colloidal electrolyte properties with chains 
of eight or more carbon atoms. 

Equivalent conductivity-concentration curves for 
colloidal electrolytes of this type typically pass through 
three regions. The first is the very dilute region in 
which the conductivity decreases with concentration 
at a rate similar to that of ordinary strong electrolytes. 
In this region the slope of the equivalent conductivity 
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Figure 4. Equivalent Conductances of Potassium Soap Solutions at 
18° and 90°C. (50) 


versus concentration line is of the same order of magni- 
tude as the Debye-Hiickel theoretical slope based upon 
interionic attraction for a completely dissociated elec- 
trolyte. Solutions of sodium or potassium soaps do 
not show this region well because they undergo a com- 
plicated hydrolysis in very dilute solutions. In the 
second region at intermediate concentrations, the 
equivalent conductance-concentration curve drops 
abruptly as the simple ions aggregate to colloidal par- 
ticles. The conformity of the equivalent conductance 
curve to the Debye-Hiickel-Onsager slope at low con- 
centrations and the abrupt drop as the formation of 
colloidal particles becomes readily apparent were first 
observed by Lottermoser and Puschel about 1933 in 
their studies of nonhydrolyzable salts of long chain 
alkyl sulfuric acids (37). In the third region at higher 
concentrations the equivalent conductivity definitely 
increases with concentration. 

The existence of a minimum in an equivalent conduct- 
ance-concentration curve in aqueous systems is almost 
a unique phenomenon peculiar only to colloidal elec- 
trolytes. Apparently the only other example in 
aqueous solutions is the minimum in the conductance 
curve of chromic acid which is due to replacement of 
A minimum in a conductance 
curve in solvents of low dielectric constant is fairly 
common and due to the formation of double and triple 
ions with increasing concentration (13). Similarly, in 
solutions of colloidal electrolytes the rise in conduct- 
ance is attributed to the replacement of poorly conduct- 
ing micelles with more highly conducting ones. This 
rise in conductivity is in direct contrast to the con- 
tinued decrease expected on the basis of interionic 
attraction effects. The minimum in the curva be- 
tween regions two and three usually conforms to the 


empirical equation, A = A/C + BVC, where A is the 
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equivalent conductivity, C the concentration in gram 
equivalents per liter, and A a temperature dependent 
constant which depends mainly on the anion, and B 
another temperature dependent constant which ap- 
pears to depend on the cation only (14). 

When the specific or total conductance of a long 
saturated chain colloidal electrolyte is plotted as a 
function of the concentration, two straight lines result 
in regions one and two below the concentration at 
which the conductance minima occur (82). The inter- 
section of these two lines marks the transition from 
mostly simple ions to aggregated ionic micelles as does 
the related graph for colligative effects. The critical 
concentrations for micelle formation are practically the 
same for both colligative and conductance effects. 

The sudden marked decrease in equivalent conduc- 
tivity at a critical concentration shown by long straight 
saturated chain colloidal electrolytes is not shown by 
other types. Branched or unsaturated chain colloidal 
electrolytes show a much more gradual change in slope. 
Cyclic compounds may show no definite change in con- 
ductivity as micelles form. In some cases, aggrega- 
tion causes increased conductance. Thus the elec- 
trical conductance curve of the dye meta-benzopur- 
purin is the same as that of dissociated salts, yet its © 
transference numbers show conclusively that these 
solutions contain micelles. Similarly the equivalent 
conductance of the bile salt sodium deoxycholate de- 
creases smoothly with concentration even though 
freezing-point measurements show micelles are being 
formed. Methylene blue has an equivalent conduct- 
ance at moderate concentrations greater than the 
value at infinite dilution due to the formation of ion 
aggregates. 

Even below the critical concentration for micelle 
formation, the equivalent conductance of colloidal 
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Figure 5. Equivalent Conductances of Long Chain Amine Hydro- 
chlorides at 60°C. (73) 
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electrolytes is not always that of simple strong elec- 
trolytes. The equivalent conductance of lauryl and 
myristyl sulfonic acids is greater than predicted on the 
basis of interionic attraction (43). Octadecylpyri- 
donium iodate shows a maximum equivalent conduc- 
tivity in water which is substantially higher than the 
value for infinite dilution (Figure 6) (15). Hexa- 
decylpyridonium iodate shows only a slight indication 
of a maximum in water but in 16.18 per cent methanol 
its maximum is marked (Figure 6). The existence of 
equivalent conductivities greater than those at infinite 
dilution is caused by the formation of ion aggregates. 
That the formation of ion aggregates or micelles 
could cause an increased equivalent conductance was 
pointed out more than thirty-five years ago by McBain 
(58). According to Stokes’ law, the velocity of a 
spherical particle in a viscous fluid is proportional to 
the force applied and inversely proportional to its 
radius. The force on a particle in an electric field is 
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directly proportional to the number of charges on it. 
Aggregation of twelve long chain ions into a sphere 
would increase the driving force twelvefold but would 
only increase the average radius by about 2.3 times. 
The new velocity would therefore be 12/2.3 = 5.2 
times greater. These considerations are not quantita- 
tive due to neglect of the ions of opposite sign in the 
micelle, hydration effects, and errors in applying 
Stokes’ law to such small particles. However, they 
indicate at least qualitatively that ion aggregation can 
lead to increased conductivity. 

That the conducting particles even at the minimum 
of the equivalent conductance-concentration curve are 
better conductors than simple ions can be demonstrated 
by assigning to all of the osmotically active particles a 
mobility equal to that of the fastest simple ions into 
which the compound dissociates. The ratio of the 
conductivity observed at the minimum to the maxi- 
mum calculated on the above basis varies from 1.24 
for lauryl sulfonic acid to 1.30 for potassium laurate 
(14). 

The conductivity of soap solutions is not much influ- 
enced by their viscosity. Their temperature coefficient 
of conductance is about the same as ordinary elec- 
trolytes in spite of large viscosity changes. In fact the 
electrical conductivity of soap solutions, as well as their 
vapor pressure, refractive index, light scattering effect, 
and sodium ion activity, is not changed as the fluid 
solution sets to a rigid gel (36). This shows the iden- 
tity of the conducting particles in the sol and gel states 
and is evidence for the fibrillar or “brush heap”’ struc- 
ture of such gels. 

The effect of increasing field strength on the equiva- 
lent conductance of cetyl pyridinium chloride solu- 
tions at 25°C. is shown in Figure 7 (39). The effect of 
increasing field strength on unaggregated electrolytes is 
to raise the equivalent conductance asymptotically to 
the value at infinite dilution by decreasing the effects of 
the ionic atmospheres. High field strengths raise the 
equivalent conductance of colloidal electrolytes just 
above their critical concentration to values greater than 
those at infinite dilution. This must be due to the 
presence of ionic micelles which conduct better than 
the individual simple ions of which they are composed. 
Measurements of the electrical conductivity of sodium 
lauryl sulfate and cetyl pyridinium chloride with high- 
frequency electricity corresponding to wave lengths of 
12 and 20 meters show a marked increase in equivalent 
conductance at the same concentration at which the 
conductivity with the usual frequencies decreases (74). 
Sodium oleate solutions show a smaller increase followed 
by the usual decrease in conductance. Again this 
indicates the presence of charged colloidal micelles. 

Comparison of a and g. Considerable information 
about colloidal electrolytes is obtained by comparing 
the osmotic coefficient and ratio, a, of the equivalent 
conductivity to that at infinite dilutions. Such com- 
parisons are shown in Figure 8 for potassium oleate and 
in Figure 9 for sodium deoxycholate (30). Both osmotic 
coefficient and conductance ratio decrease markedly 
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from the values for completely dissociated electrolytes 
at around 0.0005 N potassium oleate due to formation 


of micelles. The lowering of both is not complete until 
about 0.06 N so that colloid forms progressively over a 
150-fold range of concentration. As is usually the 
case, a does not decrease as much as g since the micelles 
conduct electricity, yet have only an almost negligible 
osmotic effect. The osmotic coefficient increases due 
to hydration after passing through a shallow -mini- 
mum. The increase in conductivity after the mini- 
mum is due to the progressive formation of more 
highly conducting micelles. This behavior is typical 
of long straight chain soaps. 

Sodium cholate, glycodeoxycholate, and _ glyco- 
cholate exhibit the same type of behavior shown in 
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0°C. for Potassium Oleate (30) 


Figure 9 for sodium deoxycholate (74). In these bile 
salts the unassociated ions rapidly disappear without 
much affecting the conductivity. Therefore the col- 
loidal particles must be small highly charged micelles 
different from those in ordinary concentrations of soap. 
There can be no important concentration of ordinary 
ion-pairs or molecules because the conductivity would 
then be more affected than the osmotic coefficient. 
Transference Numbers. Measurements of transfer- 
ence or transport numbers by the Hittorf analytical or 
moving, balanced or analytical boundary techniques 
show the usual behavior for strong electrolytes in very 
dilute solutions. At the critical concentration the 
transference number of the long chain constituent in- 
creases rapidly and may attain values of 1.5 or over as 
shown in Figure 10. Since the sum of the transference 
numbers must be one, the transference number of the 
small ion is negative. In the case of cetyl pyridinium 
bromide (Figure 10) this means that more bromine is 
carried toward the cathode in cationic particles than 
migrates toward the anode as bromide ions. Such be- 


havior is definite proof of the existence of polyionic 
tations or micelles containing both cetyl substituted 
ammonium radicals and bromine. 


The large rise in 
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Figure 9. Conductance Ratio and Osmotic Coefficients at 0°C. for 
Sodium Deoxycholate (30) 


transference number at the critical concentration 
followed by a decrease with increasing concentration is 
typical of the long straight saturated chain colloidal 
electrolytes although all do not exhibit transference 
numbers greater than one. 

Electromotive Force. Measurements of mean ion 
activities by electromotive force methods also show 
typical changes on micelle formation and give informa- 
tion about the nature of this aggregation. For ex- 
ample, the mean activity of sodium or potassium ions 
in dilute soap solutions as determined by an anionic 
protamine-collodion membrane is approximately the 
same as that in the corresponding chloride, but at the 
critical concentration the cation activity decreases 
rapidly (5). The soaps studied were sodium caprate, 
laurate, rosinate, and oleate, and potassium laurate and 
myristate. This greatly decreased cation activity 
shows that sodium or potassium ions are included in or 
firmly attached to the soap micelle. Whether this is 






































150 yA a +415 
Ty SS 
* ~~ 
100 Lo 
rx Te 
50 Le Qs 
ioe - "9 
0 Q 
0 al 02 03 Q4 


[Gm. Equiv. 
Litre 


Figure 10. Equivalent C and Cationic Transf 
Numbers for Cetylpyridinium (O) and Cetyltrimethyl i 
Bromides at 35°C. (23) 


Ainut 

















320 
[- 
08 
t a ae ~ 
> 
3 06 Be. ' 
§ 
q 
0-4 be 
0-2r 
1 1l if 1 1 J 
0:0 02 04 06 08 1.0 | 
Concentration m > 
Figure 1l. Diffusion Coefficients of Lauryl Sulfonic Acid (41) 


attributed to the formation of soap molecules, undis- 
sociated soap, or “firmly bound” ions is more a ques- 
tion of terminology than physical behavior. 

Laurate ion activities in potassium laurate as deter- 
mined with a silver-silver laurate electrode decrease 
linearly with the logarithm of the concentration below 
the critical concentration as expected for a strong elec- 
trolyte (32). Above the critical concentration the 
activity of the laurate ion remains practically constant 
indicating that the concentration of simple laurate 
ions does not decrease here due to micelle formation. 

The maximum concentration of hydrogen ions in 
moderately concentrated solutions of undecyl, lauryl, 
myristyl, and cetyl sulfonic acids as determined by 
freezing-point and electrical conductivity measure- 
ments is much smaller than the concentration obtained 
by electromotive force measurements using the hydro- 
gen electrode (44). For example, the maximum ap- 
parent hydrogen ion concentration in a 0.5 N,, cetyl sul- 
fonic acid solution at 90°C. was 0.15 N as determined 
by conductivity, 0.19 N measured by vapor pressure 
lowering, and 0.31 N from hydrogen electrode deter- 
minations. The small differences in the conductivity 
and freezing-point values are readily reconciled by 
interionic attractions, varying ion mobilities, and hy- 
dration, but the discrepancy with the electromotive 
force value is apparently too large to be explained in 
this way. Thymonucleic acid also shows an osmotic 
effect which is far less than that necessary to account 
for the hydrogen ion concentration alone as measured 
by electromotive force (18). This apparent discrep- 
ancy varies with the size of the small cation and is 
called the Hammarsten effect after its discoverer. Its 
explanation is not known but steric factors, surface 
conductance, and anomalous liquid junction potentials 
may be involved. 
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Diffusion. The rate of diffusion of colloidal elec- 
trolytes represents a compromise between that of the 
fast-moving small ions and the somewhat slower 
micelles. The integral diffusion coefficient of potas- 
sium laurate decreases rapidly from about 0.69 sq. cm. 
per day at 0.0015 N to 0.47 at 0.15 N and thereafter 
decreases slowly to 0.42 at 0.5 N soap. Diffusion 
coefficients for sodium oleate are 0.47 at 0.025 N soap 
arid 0:22 at 0.5 N (42). These average rates of dif- 
fusion for micelles and simple ions compare favorably 
with those for low molecular weight salts and nonelec- 
trolytes rather than the low values expected for un- 
charged colloidal particles. For example, the diffusion 
coefficient of 0.1 M sucrose is 0.46 sq. cm. per day, of 
copper sulfate 0.40, and of 0.1 M.sodium sulfate 0.59. 

The diffusion of free acids is well suited to show 
changes in mobility of the accompanying ions since the 
very rapid diffusion of hydrogen ions is slowed to a 
characteristic value by the anions. The integral dif- 
fusion coefficients of lauryl sulfonic acid (Figure 11) de- 
crease rapidly with concentration to a minimum at 
0.07 M which is 39 per cent of the value at infinite dilu- 
tion. The minimum in the true or differential dif- 
fusion coefficient is 5 per cent of the value at infinite 
dilution and occurs at 0.05 M, at which concentration 
the transport number passes through a sharp maximum. 
Both diffusion coefficients then rise to a fairly constant 
value 73 per cent of that at infinite dilution but again 
decrease above 1.0 M. This curve reflects the replace- 
ment of simple ions by slow-moving aggregates, the 
subsequent replacement of at least part of these with a 
faster moving ionic micelle followed at higher concen- 
trations by a slower particle. 

The addition of simple electrolytes ‘“swamps’’ the 
diffusion potential and decreases the diffusion coeffi- 
cient to values characteristic of uncharged colloidal 
particles. Using the porous diaphragm method Hartley 
and Runnicles (24) have calculated a radius of 26 A. 
for the colloidal micelle in solutions of cetyl pyridinium 
salts. They assumed spherical particles and used the 
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Stokes-Einstein equation, r = RT/DN6n, where r is 
the radius of the particle, R the gas constant, T the 
absolute temperature, D the diffusion coefficient, N 
Avogadro’s number, and 7 the viscosity. They claim 
that from 0.002 N to 0.05 N cetyl pyridinium chloride 
and with 0.04 N to 1 N added salt there is no appre- 
ciable change in the size of the micelle, although their 
data show a systematic decrease in diffusion coefficient 
on addition of increased amounts of salt. The diffusion 
coefficient of Aerosol MA in 0.2 N salt solution de- 
creases up to a concentration of 1.1 per cent and then 
remains almost constant to 2.4 per cent, after which it 
appears to decrease (79). Constant diffusion coeffi- 
cients from 0.2 to 2.0 per cent concentration of longchain 
sodium alkyl sulfates in 0.2 N salt have been reported 
(67); these should be investigated at lower and higher 
concentrations. Sodium dodecylbenzene sulfonate has 
a diffusion coefficient of 0.11 sq. em. per day corre- 
sponding to a molecular weight for spherical particles of 
approximately 15,000 (38). Recently Debye has 
shown by the light-scattering method that the addition 
of salt greatly increases the size of long chain alkyl 
ammonium halide micelles (8). Thus the addition of 
0.04598 M sodium chloride increases the micellar weight 
of dodecylamine hydrochloride from 12,300 to 31,400. 
This 2.5-fold increase in molecular weight should cer- 
tainly be accompanied by an increased average radius. 
The amount of salt needed to swamp the diffusion poten- 
tial and its effect on micellar size and shape needs 
much more careful and extensive investigation before 
accurate reliable micellar sizes can be determined by 
this method. 

Light Scattering. Pure micellar colloidal electrolyte 
solutions are clear and transparent to the eye and in the 
ultramicroscope. - However, the scattering of light by 
soap solutions is readily detected with a photoelectric 
cell. The weight average molecular weight of par- 
ticles in a solution can be determined from the tur- 
bidity, and the difference in refractive index between 
the solvent and solution (8). The turbidity is the 
fractional decrease of the intensity of incident light due 
to scattering per unit length of its path. Excess tur- 
bidities of solutions of decyl, dodecyl, tetradecyl, and 
hexadecyl trimethyl ammonium bromides above that 
of the solvent (0.0130 M potassium bromide) are 
plotted as a function of concentration in Figure 12. 
The turbidities are practically the same as that of the 
solvent until the critical concentration for micelle 
formation, after which they increase rapidly due to a 
rapid increase in the number of micelles. The results 
seem to indicate that the size of the micelle is approxi- 
mately constant in the relatively narrow range of con- 
centrations just above the critical concentration for 
micelle formation. Micellar weights and critical con- 
centrations obtained by this technique are sum- 
marized in Table III. The data show that the critical 
concentration for micelle formation decreases and the 
micellar size increases with increasing molecular weight 
in a homologous series. The addition of salts progres- 
sively lowers the critical concentration and increases 
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Figure 13. X-Ray Long Spacings from Soap Micelles as Function of 
Concentration (2/) 


micelle size. The effect of a given amount of salt 
appears to be greater on the higher molecular weight 
alkyl trimethyl ammonium bromides. Micelle size 
decreases and the critical concentration increases with 
increase in temperature. 

X-Ray Investigations. That apparently clear trans- 
parent fluid isotropic soap solutions show characteris- 
tic X-ray diffraction rings due to micelles was dis- 
covered by Krishnamurti in 1929 (35) and confirmed 
by Hess and Gundermann in 1937 (26). Most fairly 
concentrated solutions of long chain salts, such as the 
soaps, show two characteristic spacings. The short 
spacing of about 4.4 A. does not vary with concentra- 
tion or chain length of the soap and is attributed to the 
distance between parallel close-packed soap chains in 
the aggregate. The long spacing varying from 50 to 
125 A. decreases linearly with soap concentration, as 
shown for various colloidal electrolytes in Figure 13, to 
an extrapolated value about the same as that for solid 
soaps. The long spacings for 1 N solutions are sum- 
marized in Table IV. X-ray data and surface energy 
considerations indicate that the micelles producing 
X-ray lines are composed of lamellae made up of double 
layers of parallel long chain molecules arranged with 
hydrocarbon chains and polar “heads” immediately 
adjacent. Water molecules occupy the space between 
layers of the hydrophilic polar head. McBain has 
compared this structure to that of two scrub brushes 
with their bristles in contact. The explanation of long 
range forces holding the soap lamellae oriented parallel 
to each other over water layers as much as 80 R thick 
is an important theoretical question which is not yet 
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TABLE III drocarbon per mol of soap 

Micellar Weights of Cationic Colloidal Electrolytes (8) increases linearly with the 

foie molar volume of the addi- 

Crit. Micellar ev lecules” tive with a slightly lower 

Soap Solvent conen. (M) wt. in micelle slope for aromatic hydro- 
C10H2(CH;)s3NBr H.O 0.0700 10,200 36 carbons than for aliphatic 
caecmae ae 0 15,008 4 (29). Variations of the in- 
6! r . ’ st] e y 
CioHox( CH; )sNBr 0.0130 M KBr 0.0672 10,700 38 tensities of the long X-ray 
CECH NB: oa 2 od 0.0105 17,400 56 spacings with the amounts 
14H29(CHs )sN Br 0.0130 r 0.00176 32,100 95 and electron densities of 
Semcon" mnt 
te oe ' 0.0114 14,600 66 show that it is located in 
.01574 a 0.0104 ,000 92 . 

CuH>:NH HCl 0.02374 M NaCl 0.00925 22;400 100 part of the regular arrange 
C12H»sNH2HCl 0.04598 M NaCl 0.00722 31,400 141 ment causing these spac- 
Sees) faeces fee ee 8 te The ele oi 
; r(45°C. r 17, 5 ws ae ; 
CisHo,(CH,),NBr(60°C.) 0.03403 M KBr 0.0120 16,400 53 solubilized additives show 





that the long X-ray spac- 








completely solved. These water layers increase in 
thickness with molecular weight of the soaps and on 
dilution. Long X-ray spacings of nerve lipides con- 
taining cephalin increase with decreasing concentra- 
tion. A 25 per cent “emulsion” showed a long spacing 
of 150 A. of which at least 80 A. was probably a water 
layer. Addition of salts decreased the spacings (70). 
The addition of salts to soap solutions first decreases 
then increases the long X-ray spacings. 











TABLE IV 
X-Ray Long Spacings from 1 N Soap Solutions* 
' Apparent 
Long spacing, hickness, 

Soap Wt., % , water layer 
Na caprylate 16.6 31.4 9.3 
K caprylate 18.2 31.4 9.3 
K laurate 22.2 48.3 15.9 
K myristate 26.6 56.3 18.8 
Na oleate 30.4 65.5 20.9 
Lauryl ammonium 

chloride 22.1 69.9 ~35. 


2 Interpolated and calculated from data in reference (21), 





The intensity of X-ray lines from soap solutions de- 
creases with dilution. Below concentrations of about 
5 per cent no X-ray patterns are obtained even though 
other evidence shows such solutions are colloidal. 
Likewise some colloidal electrolyte solutions such as 
those of bile salts show no X-ray pattern at any con- 
centration. The X-ray pattern for sodium laurate 
solutions at 75°C. diminishes to zero intensity at 5 per 
cent soap yet micelles form in solutions as dilute as 
0.6 per cent. Similarly at 20°C. micelles form in 
sodium lauryl sulfate solutions at 0.25 per cent but the 
solution must contain more than 4 per cent detergent 
before it gives an X-ray pattern (265). 

The solution of a hydrocarbon additive, such as 
benzene, in soap solutions increases the long X-ray 
spacing between adjacent soap lamellae by as much 
as 45 A. This indicates that the hydrocarbon is 


located between the nonpolar tails of the lamellar 
The expansion of the micelle per mol of hy- 


micelle. 


ings are due to distances 
within lamellar micelles rather than to regular spacings 
between spherical micelles (29, 47). 

Solubilization. Soap, bile salt, and detergent solu- 
tions have the remarkable property of being able to dis- 
solve or solubilize otherwise water-insoluble materials 
such as dyes and hydrocarbons even in fairly dilute 
solution. The phenomenon has been known and used 
industrially since 1874 and was studied by Engler and 
Dieckhoff in 1892. Only recently has the mechanism 
of this effect become understood (47, 63). Solubiliza- 
tion must be distinguished from hydrotropy, emulsi- 
fication, sequestration, and peptization (47) since it is a 
reversible equilibrium process forming thermodynami- 
cally stable colloidal solutions. Solubilization is ac- 
companied by a decrease in the free energy of the sys- 
tem; the vapor pressure of a water-insoluble liquid dis- 
solved in a soap solution is less than that of the free 
liquid (57). Much of the great present interest in 
solubilization was stimulated by its importance in the 
emulsion polymerization method for making synthetic 
rubber and other elastomers (20) but it is also very 
important in dyeing and in the absorption of water- 
insoluble foods from the intestine. 

The effectiveness of four branched chain colloidal 
electrolytes as solubilizers for the water-insoluble dye 
Orange OT (1-0-tolylazo-8-naphthol) is shown in 
Figure 14 as a function of the concentration (54). 
Comparison with Figure 2 which gives the osmotic 
coefficients for the same substances shows that the 
Aerosols become effective solubilizers at the concentra- 
tion at which g starts to decrease and increase in effec- 
tiveness over the range in which g continues to decrease. 
This indication that solubilization is due to micelle 
formation is supported by similar data on other com- 
pounds and the close quantitative correlation be- 
tween solubilizing action and other indications of 
micelle formation. Other evidences are the increase 
in long X-ray spacing of sodium oleate solutions when 
benzene is solubilized therein, the frequent presence of 
ultramicroscopically visible particles when solids are 
solubilized, and failure of some solubilized materials to 
affect the freezing point (56). The addition of salts 
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Figure 14. Solubilization of Orange OT in Branched Chain Colloidal 
Electrolytes of Different Molecular Weights (cf. Figure 2) (54) 


increases the effectiveness of soaps and detergents as 
solubilizers for many substances and lowers the concen- 
tration at which they become effective (22, 54, 56, 62). 

Solubilization may involve (a) attachment to the 
external polar groups, generally with disruption of the 
micelles giving X-ray patterns, (b) interlayering in the 
hydrophobic layers of micelles, such as with nonpolar 
liquids in soaps, and (c) interpenetration between mole- 
eules or ions of the micelle causing an increase in the 
side spacing (47). The solubilization of dimethyl 
phthalate, which is only sparingly soluble in hydro- 
carbons, in potassium laurate apparently occurs by the 
first mechanism since it decreases the intensity of the 
X-ray lines without changing the value of the long 
spacing, increases the osmotic coefficient, conductivity, 
and viscosity, and the soap shows maximum effect at an 
intermediate concentration (63). The solubilization 
of hydrocarbons occurs by the second method since the 
long X-ray spacing and its intensity is increased and 
the freezing point is not affected. The solubilization 
of long chain alcohols and amines involves the third 
mechanism. Variations in the solubilizing effective- 
ness of the same detergent at different concentrations 
indicates that the size and/or shape of the average 
micelle is different (48). 

Interaction with Dyes. The changes in color of some 
dyes due to interaction with molecular colloidal elec- 
trolytes have long been known, familiar examples being 
the protein error of indicators and the metachromatic 
staining of certain biological tissues (64). Similarly 
micellar colloidal electrolytes cause changes in indica- 
tors other than those due to pH and alter the color of 
dyes used as biological stains. Many indicators there- 
fore do not give accurate results in soap or detergent 
solutions. The color changes of some biological stains 
are attributable to interaction, probably involving 
electrostatic, van der Waals, and hydrogen bonding 
forces of a dimeric or polymeric form of the dye with 
oppositely charged colloidal electrolyte micelles. The 
large effects on the absorption spectrum of such dyes 
obtained in this way are illustrated in Figure 15 for 
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1.0 X 10-* M pinacyanol chloride in varying concen- 
trations of sodium lauryl sulfate. Michaelis shows 
changes in the absorption spectrum of toluidine blue in 
sodium oleate and detergent solutions (65). Surpris- 
ingly, cetyl trimethyl ammonium bromide micelles 
produce a similar effect even though both micelles and 
dye aggregate have the same charge (64). 

The color change of some dye ions in solutions of 
oppositely charged long straight saturated chain col- 
loidal electrolytes at the critical concentration for 
micelle formation is sufficiently sharp and visible to the 
eye that it offers a convenient and rapid means of 
detecting the onset of micelle formation in such sys- 
tems (7). The method does not give good results in 
solutions of unsaturated or polycyclic colloidal elec- 
trolytes because the color change is too gradual, or in 
the presence of siliceous silicates, polyphosphates, and 
nonionic detergents since these also affect the color. 

Other Physicochemical Properties. The densities of 
soap solutions are approximately the same as that of 
water and much less than for ordinary salts at the same 
concentration. For example, the specific volume of 1 N 
sodium stearate is 31 per cent greater than a sodium 
acetate solution containing the same amount of water. 
Sodium and potassium stearate, and sodium palmitate 
solutions actually have lower densities than those of 
either water or the solid soap. Soaps show a large 
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Figure 15. Absorption Spectra of 1 X 10 M Pinacyanol Chloride in 
Sodium Lauryl Sulfate Solutions (64) 


—, water; O, 0.001 M Na lauryl sulfate (NaLS); @, 0.01 M NaLS8; 
O, 0.05 M NaLS. 
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increase in their partial molal volumes over the concen- 
tration range where the osmotic coefficient is falling. 
Aerosol MA (79) and some soaps (28) show a second 
change in the partial molal volume curve at higher 
concentrations. These facts agree with the micellar 
nature of such solutions and reflect changes in the con- 
stituents of the solution with changing concentrations. 
Ions in micelles occupy a greater volume than the 
same ions when free, perhaps due to a reduction in the 
amount of hydrocarbon-water interface or to a change 
in hydration. 

The refractive index of soap and detergent solutions 
increases almost linearly with concentration, although a 
change in slope at the critical concentration can be 
detected by very precise measurements with an inter- 
ferometer refractometer (28, 31). 

Viscosities of soap and detergent solutions increase 
first gradually with concentration then greatly. The 
concentration at which the large viscosity increase 
occurs decreases with molecular weight and is about 
that at which the solutions begin to diffract X-rays 
(28). The addition of simple salts to soap solutions 
first lowers their viscosity by 10 to 50 per cent to a 
minimum then raises it greatly to another maximum. 
The apparent viscosity of some concentrated soap solu- 
tions varies with the rate of shear and the original iso- 
tropic solution becomes double refracting on flowing 
(stream birefringence). Some even fairly dilute solu- 
tions, such as those of ammonium oleate, exhibit inter- 
esting elasticity phenomena. Such behavior shows the 
presence of anisometric particles in the solutions. The 
per cent hydrolysis of soaps decreases with concentra- 
tion up to the critical concentration for micelle forma- 
tion; around this point the per cent hydrolysis passes 
through a maximum (72). 

Accurate reliable measurements in the ultracentri- 
fuge for micellar colloidal electrolytes are very difficult 
to obtain since their partial molal volume is usually 
about the same as that of the sclution, and they show 
anomalous light absorption. The interpretation of 
such measurements is complicated by the aggregating 
effect of the electrolyte needed to “swamp” or minimize 
the electrostatic potential and a possible effect of the 
centrifugal field on the micelles. By suitable adjust- 
ment of the density of the solution, apparently some 
soaps can be made to show sedimentation in two direc- 
tions (62). An average micellar weight of 12,500 and a 
frictional ratio of 1.24 which do not vary from 0.2 to 2 
per cent detergent have been calculated for an impure 
sodium lauryl sulfate from studies on rates of sedimen- 
tation and diffusion (67). 

Similarly ultrafiltration measurements on micellar 
colloidal electrolytes are difficult to make and interpret 
with precision and certainty. However, such studies 
on soap solutions have indicated the existence of aggre- 
gates of different sizes (49). 


SURFACE PHENOMENA 


An outstanding property of soaps, detergents, and 
bile salts is their ability to lower greatly the surface 
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and interfacial tensions of aqueous systems even in 
concentrations as low as 0.05 per cent. The surface 
tension of water is lowered rapidly from 72 dynes per 
cm. to 30 to 40 dynes per cm. after which further in- 
crease in concentration produces only slight addi- 
tional lowering. Most soaps and detergents of ordi- 
nary purity show a minimum at low concentrations in 
their surface tension versus concentration curves. Ac- 
cording to the Gibbs adsorption equation this means 
that there is no excess of solute in the surface layer even 
though its surface tension is only about half that of 
pure water and experimental measurements show an 
excess of solute in the surface layer over that in bulk. 
At one time this apparent discrepancy between well- 
founded theory and experiment caused considerable 
concern. Recent work has shown that in several, if 
not all cases, the minima in surface and interfacial ten- 
sion curves are due to small amounts of a second phase 
in the system. The impurity may be a trace of heavy 
metal ions in the water, or small amounts of another 
surface-active constituent such as a long chain alcohol 
or higher molecular weight homologue (2, 66). These 
discoveries remove most of the disagreement between 
the predictions of the Gibbs adsorption equation and 
experiment but further quantitative comparisons would 
be desirable. 

The surface tension versus concentration curves for 
highly purified straight chain nonhydrolyzable deter- 
gents show an abrupt change in slope at the critical 
concentration for micelle formation. However, this 
is not a good method for determining critical concen- 
trations because small amounts of impurities greatly 
lower the concentration at which this change occurs. 

The surface tension of soaps, detergents, and wetting 
agents decreases slowly over long periods of time, al- 
though classical diffusion theory predicts very rapid 
attainment of equilibrium. This effect is perhaps due 
to complex and slow orientation effects not considered 
in the usual diffusion theories but impurities may also 
play a part (2). 


NONAQUEOUS SOLUTIONS 


Micelle formation in nonaqueous solvents has been 
observed but not extensively studied. Kraus and 
collaborators have shown by precise freezing-point 
methods that quaternary ammonium thiocyanates and 
formates are associated in benzene at concentrations as 
low as 1 X 10-* M (84). The number of ions in the 
aggregate increases with concentration to a maximum 
which occurs at lower concentrations and is greater for 
the higher molecular weight salts. Surprisingly the 
apparent degree of association decreases substantially 
after the maximum. A 0.2 M solution of octyl tributy! 
ammonium thiocyanate contains particles containing 
on the average 40 organic ions. Salts with longer 
chains are even more associated. The equivalent con- 
ductances of these salts in benzene show unusual effects 
which, like the colligative properties, need much more 
investigation. 

McBain, Merrill, and Vinograd have shown that 
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solubilization occurs in nonaqueous solut. .ns of deter- 
gents indicating the presence of *.icelles (55). Aiken 
and Singleterry report color and fluorescence changes 
for Rhodamine B in solutions of calcium or sodium 
salts of arylstearic, petroleum, sulfoni. ~~ ‘thenic, 
and alkyl sulfonic acids in nonaqueous sol-’<.s similar 
to those observed for colloidal electrolytes in aqueous 
solvents. They report critical concentrations for cal- 
cium xylylstearate and xenylstearate of 1 and 8 x 10-* 
M, respectively (1). McBain and Marsden have ob- 
tained X-ray diffraction patterns from an anhydrous 
solution of triethanolamine laurate in benzene similar to 
those given by micellar solutions of soaps in water (40). 


PHASE BEHAVIOR 


Pure soaps, such as sodium palmitate, occur in four 
(10) or more (4) crystalline forms, and on heating are 
transformed successively at definite temperatures to 
five liquid crystalline phases before melting (69). The 
phase diagram for the system sodium palmitate—water, 
which is typical for all soaps, is shown in Figure 16 
(51). In addition to the crystalline phases labeled 
“curd” and the liquid crystalline phases called subwaxy, 
waxy, superwaxy, subneat, and neat which occur at 
increasing temperatures for systems containing 95 per 
cent or more soap, there are at least two new phases in 
the binary system. Superneat and soapboilers neat 
soap are birefringent fluid phases occurring from 50 to 
95 per cent soap at temperatures above 80°C., although 
the boundary between them has not been exactly deter- 
mined. In some soap systems and, particularly with 
lauryl sulfonic acid, the melting point of this hydrated 
soap phase is even greater than that of the anhydrous 
soap or detergent. The middle soap phase from 30 to 
50 per cent soap is also birefringent, and liquid crystal- 
line but not so fluid as the more concentrated neat 
soaps. Systems containing more than 50 per cent soap 
are more complicated than indicated in Figure 16 and 
much more work will be necessary to obtain a complete 
accurate diagram in the region. Similar soap phases 
occur in nonaqueous solvents. Ternary diagrams for 
soap-water-salt systems have been obtained for sodium 
and potassium chlorides (80) and the silicates and phos- 
phates industrially impurtant as soap builders (61). 
An interesting feature of these ternary systems is an 
area of stability for two immiscible isotropic solutions, 
one of which contains most of the colloidal soap. This 
is the phenomenon which Kruyt and deJong call 
“coacervation.”’ 

The large increase in solubility over a small tempera- 
ture range shown in the lower right-hand corner of 
Figure 16 is typical for long straight chain micellar 
colloidal electrolytes. This small temperature range is 
frequently called the Krafft “point.” Its existence 
was at one time attributed to phase changes in the solid 
phase occurring near the melting point of the corres- 
ponding fatty acid. This is no longer considered cor- 
rect. The form of the solubility temperature curve is 
predictable on the basis of the law of mass action for an 
equilibrium between simple ions and highly soluble 





Figure 16. Phase Diagram of Sodi Pal 





itate-Water System (51) 


micelles (68). The concentration at which this large 
solubility increase occurs is about the same as that 
at which micelles form as determined by other meth- 
ods. 


THEORY 


The aggregation of ions to form micelles is conven- 
iently expressed from considerations of the law of mass 
action (17). If the micelle contains m simple mole- 
cules (or ions) and C denotes the stoichiometric concen- 
tration of soap, and X the fraction aggregated, then the 
concentration of single molecules (or ions) is C(1 — X) 
and the concentration of micelles is CX/m. The 
equilibrium constant K for the equilibrium micelles/- 


CX/m 


(single molecules)” is equal to (ca =x)" The varia- 


tion of the fraction aggregated with the concentration 
can be observed by giving K an arbitrary value and m 
various numbers. If m is equal to more than 20 the 
aggregation to micelles is fairly sharp but not quite so 
abrupt as the separation of a second phase. If the 
micelle contains both cations and anions, then the 
transition is sharpened. These considerations help to 
explain many of the properties of colloidal electrolytes. 
The formation of micelles represents a net decrease 
in the free energy of a system due to a decrease in the 
amount of paraffin/water interface. However, the 
Law of Mass Action in its usual form cannot be ac- 
curately applied to a quantitative expression of micelle 
formation since the addition of salts affects the com- 
position of the micelle. This decrease in free energy 
involving van der Waals forces is sufficient to overcome 
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electrostatic repulsions between charged groups on the 
hydrocarbon ions. The presence of additional elec- 
trolytes in the system promotes micelle formation at 
lower concentrations and increases micelle size by de- 
creasing electrostatic repulsion between like-charged 
ions due to its “screening” effect. Debye has recently 
sketched a semiquantitative theory of the micelle on 
the basis of these considerations (8). It shows promise 
of being able to explain the relatively small distribution 
of micelle sizes on the region just above the concentra- 
tion at which micelles first form appreciably, the varia- 
tion in the critical concentration for micelle formation 
with the number of carbon atoms in the chain, and the 
effect of salts. 

The influence of the size and shape of micelle-forming 
ions and the accompanying small ion on the critical 
concentration is seen in Tables III and V. The critical 





TABLE V 


Critical Concentrations for Micelle Formation of Some 
Soaps and Detergents* 





Detergent Crit. conen. (N) 





Na or caproate 

Na or K caprate 

Na or K laurate 

Na or K myristate 

K palmitate 

Decylamine hydrochloride (60°C. ) 
Dodecylamine hydrochloride (60°C. ) 
Tetradecylamine hydrochloride (60°C.) 
Hexadecylamine 3 hydrochloride (60°C.) 
Octadecylamine hydrochloride (60°C. ) 
Na octyl sulfonate 

Na decyl] sulfonate 

Na dodecy] sulfonate 

Na tetradecyl sulfonate 

Na Hexadecyl sulfonate 

Laury] sulfonic acid 

Na lauryl sulfate (60°C.) 

Na myristyl sulfate (60°C. ) 

Na cetyl sulfate (60°C. ) 

Na steary] sulfate (60°C. ) 

Na n-octylbenzene-p-sulfonate (60 °C.) 

Na n-dodecylbenzene-p-sulfonate (60°C. ) 
Triisopropylbenzene sulfonic acid 

Na triisopropylbenzene sulfonate 

Octy] trimethyl ammonium octane sulfonate 
Decyl] trimethyl ammonium decy] sulfonate 


@ Cf. references (7, 31, 33, 43, 62, 71, 73, 76, 77, 81). 


0.020 
0.0013 





concentration is decreased about 70 per cent by an 
increase of two CHe groups in the chain. A benzene 
ring is roughly equivalent to about 3.5 carbon atoms. 
The nature of the polar group as well as the chain 


length affects micelle formation. The critical concen- 
trations of detergents each of which contains 12 carbon 
atoms varies from 0.007 N for lauryl sulfonic acid to 
0.024 N for sodium or potassium laurate. 

The number of ions in the average micelle varies 
with concentration even though there is a range just 
above the critical concentration where its size appears 
approximately constant. However, there is still con- 
troversy as to the extent of this variation. Hartley 
considers that the soap micelles are always spheres of 
the same size, except at the highest obtainable concen- 
trations, and that changes in composition are limited to 
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the release of a few small ions at higher concentrations 
to account for the increased conductivity. On the 
other hand, as McBain has repeatedly emphasized, 
consideration of all experimental data on colloidal elec- 
trolytes over the complete range of concentrations 
makes it necessary to assume that the size, shape, and/or 
composition of the micelles vary considerably depend- 
ing on concentration, temperature, presence of added 
substances, and steric considerations. Most authori- 
ties on colloidal electrolytes now tend toward the latter 
view. Much work remains to be done before the theory 
of colloidal electrolytes will be completely satisfactory 
to all. 

Van Rysselberghe (78) has shown how the average 
composition of the micelle can be calculated from con- 
ductivity and osmotic data giving results which, in the 
case of lauryl sulfonic acid, predict satisfactorily the 
shape of the diffusion curve. However, above the 
critical concentration the transference numbers pre- 
dicted are not in agreement with those observed, in- 
dicating the probable presence of rather large amounts 
of nearly neutral micelles with compensating rates of 
migration. Similarly, Grieger and Kraus have cal- 
culated the composition of the average micelle from 
conductivities, distribution coefficients, and trans- 
ference numbers (16). Micelle sizes obtained in this 
way appear much smaller than those obtained by light 
scattering. 

The fraction of small ions associated kinetically with 
the large aggregates in colloidal electrolyte solutions 
may be estimated from osmotic effects, electromotive 
force, conductivity and transference numbers, mem- 
brane potentials and equilibria, pH’s of solutions of 
soaps of weak bases containing excess base, effect of 
salts. on conductivity, and free diffusion (3). Results 
of such estimates indicate that 20 to 70 per cent of the 
small ions are associated with the micelle. Most of 
the different methods usually give fair agreement over a 
limited concentration range but there are still unex- 
plained discrepancies. 

Another controversial question is the effective charge 
and valence of the micelle. Hartley maintains that 
soap micelles behave as polyvalent ions whereas McBain 
contends that their ionic strength is essentially the 
same as that of uni- or divalent electrolytes. McBain 
points out that the charges on a micelle are as far apart 
as those in ordinary salt solutions. The activity of 
added salt in a soap solution is essentially the same as in 
water (59). If micelles were polyvalent it should be 
much less. Chandler and McBain have recently esti- 
mated that the effective charge on the micelle is only 
two or three based upon results with anomalous osmosis 
in dilute solutions (6). One way of studying this ques- 
tion would be to measure the effect of different concen- 
trations of micellar colloidal electrolytes on the solu- 
bility of a sparingly soluble salt not solubilized by 
specific interaction with the micelle. Another way is 
to study the kinetics of a reaction whose rate is affected 
by neutral salts in solutions of colloidal electrolytes. 
Both methods can give an estimate of the ionic strength. 
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The fact that ions of valence opposite to that of the 
micelle have little effect on the critical concentration 
does suggest that it has a high potential at the surface 


(7). 
cally and experimentally. 


The question needs further study both theoreti- 
Much progress in our under- 


standing of colloidal electrolytes can be expected in the 
next few years. 
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» A GLYCERIN-SEALED MECHANICAL STIRRER 


Tue use of the mercury-sealed mechanical stirrer, 
although almost universal in chemistry laboratories, 
has several disadvantages. Mercury is always a 
nuisance to handle, and exposure to it is detrimental 
to a person’s health. Furthermore, for chemical reac- 
tions in which halogens or halogen acids are present 
the mercury usually reacts with the halogens or halo- 
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Glycerin-Sealed Mechanical Stirrer 


HENRY Y. LEW 
Stanford University, California 


glycerin-sealed mechanical stirrer has been devised, 
which may be made from parts readily obtainable in 
any chemical laboratory—a piece of glass tubing and 
three rubber stoppers, as shown in the figure. 

Stopper B is size 4 or 5 and stopper C of the proper 
size to fit the flask. Tubing D is fitted tightly to stop- 
pers B and C and extended 5 mm. above B, forming a 
wall to prevent access of glycerin to the stirrer shaft. 
Stopper A is one size smaller than stopper B and is 
bored to a depth of about 7 mm. with a cork borer 
whose diameter is about 3 mm. larger than that of 
tubing D. The core is cut out with a pair of scissors. 
The stirrer is passed through D and then through the 
tightly fitting stopper A for such a distance that when 
stopper A rests on stopper B the stirrer is at the desired 
level in the flask. The surfaces between stoppers A 
and B are lubricated and sealed with glycerin. 

This seal has several advantages over a glycerin- 
lubricated sleeve of rubber tubing. It is not neces- 
sary to find rubber tubing and glass rod of the proper 
size for a, close fit, and there is less danger of contamina- 
tion of the reaction mixture with glycerin. It has the 
advantage over the reservoir type of glycerin-sealed 
stirrer in that it is simpler and less cumbersome to 
manipulate. The same seal may be used for flasks of 
different sizes simply by interchanging stopper C to fit 
each flask. 
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a AN EFFICIENT STUDENT DRYING OVEN 


A source of inefficiency and annoyance in the under- 
graduate analytical laboratory is the standard-type 
drying oven. Where many students use these ovens in 
common, it is difficult to maintain the temperature re- 
quired to satisfy procedural demands, especially if 
reasonable use is made of their capacity. These ovens 
are constructed with doors offering full access to the 
interior. For student use involving the drying of 
samples, crucibles, and other small apparatus, the open- 
ing is larger than necessary and results in a considerable 
drop in temperature with slow recovery each time the 
oven door is opened. If this is frequent and prolonged, 
as is the case when students are obliged to adjust the 
oven contents to place or remove apparatus, it becomes 
impossible to regulate the time of drying. 

This difficulty can be lessened by limiting access to 
the ovens to half-hour intervals; but such interference 
with individual freedom of operation is not desirable. 
A better solution is a better, more practical oven. Such 
an oven was constructed in our shop eighteen months 
ago and was found to be so satisfactory that another was 
built almost immediately. These have been in opera- 
tion for at least two full terms and have proved their 
usefulness. The design and construction details are 
offered as a possible answer to similar difficulties met 
in other laboratories. 

A schematic diagram of the oven is shown in Figure 
1, and has for outside dimensions 18 in. by 18 in. 
by 43 in. The frame is of welded 1*/,-in., 1°/,-in., 
3/i¢in. angle iron with '/,-in. transite panels. The 
adjustable shelves are 1/,-in. transite circles of 14 in. 
diameter. These are bolted to steel supports of spider- 
like design—a collar to which six radial arms of !/,- 
in. by 1-in. steel are welded. A set-screw through this 
collar holds the shelf at any desired height on the rotat- 
ing axial support. The shelves are divided into six pie- 
shaped areas, each large enough to accommodate three 
400-ml. beakers. The segments correspond to dial 
positions on a numbered knob attached externally to 
the supporting axis. The arrangement permits the 
student to select and bring any of the 18 shelf areas to 
the front position before opening the 7-in. oven door. 
This reduces the need of a prolonged inspection or 
adjustment of the contents and eliminates the necessity 
for handling another’s apparatus. The supporting 
axial rod is of */s-in. stainless steel set in a socket cut 
from a 2-in. stainless steel bar. The socket is bolted 
directly to the transite floor of the oven. A similar ring 
of stainless steel, bolted to the top of the oven, forms the 
upper bearing. 


F. C. HICKEY, O.P., J. W. HACKETT, 0.P., 
and P. A. CAUCHON 


Providence College, Providence, Rhode Island 
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The wiring diagram is given in Figure 3. The heating 
units are a series of four coiled nichrome wire U’s each 
fastened to 6-in. panels of transite bolted diagonally 
across the inside corners of the oven (Figure 2 and A 
of Figure 3). The coils of 19 B. and S. nichrome wire 
(one-half ohm per foot) were wound on a */;,.-in mandrel. 
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Figure 1. Frontal Diagram 
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Figure 2. Cross-Sectional Diagram 
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Figure 3. Wiring Diagram 


They extend from the top to the bottom of the oven. 
The resistance of each coil is five ohms. An auxiliary 
heating coil of 20 ohms (D, Figure 3) is wound in the 
form of a spiral on a round piece of transite bolted to the 
floor of the oven. A circular hole in the center allows 
the axial rod to pass through it and rest on its socket. 
When the oven is cold, the bimetallic element makes 
contact at B and short circuits coil D. Approximately 
600 watts of heating energy are thus provided. On 
reaching the desired temperature, the bimetallic element 
breaks the contact at B and places coil D in series with 





JOURNAL OF CHEMICAL EDUCATION 


the four resistances A. This decreases the heating 
energy to 300 watts. At this point the pilot light ¢ 
comes on, indicating that the oven has reached the pre- 
determined temperature. 

The bimetallic element consists of a hack-saw blade 
to which a strip of copper sheet of approximately the 
same dimensions has been silver soldered. The contact 
on the strip is a patch of coinage silver on the copper side 
of the element at its free end. Coinage silver is also 
used for the contact point on the micrometer screw, 
A five-microfarad condenser E is wired parallel with 
the thermostat contacts in order to reduce arcing. This 
condenser is fastened to the bottom of the oven. 

Uniform temperature distribution at all times is aided 
by the arrangement of the resistance coils, which throw 
the heat either upward or centerward, and is furthered 
by the perforations in the transite shelves. A Weston 
Thermometer is passed through a front and diagonal 
panel (Figure 1) to indicate the oven temperature, with 
a choice from approximately 80° to 200°C. 

With adequate shop facilities the oven can be built 
at a nominal cost. 


* 1950 SUMMER PROGRAM ON “SCIENCE IN GENERAL EDUCATION” 
AT HARVARD UNIVERSITY 


THe Harvarp SuMMER ScHoou will offer a program 
in ‘Science in General Education” during the 1950 
Summer School. This program will be an expansion of 
the experiment initiated during the summer of 1949. 
The program is designed for all those who teach 
science to nonscientists. It will open on July 10 with 
an intensive Workshop under the general direction of 
Professors I. Bernard Cohen and Fletcher Watson of 
Harvard. This Workshop will last four days and will 
provide an opportunity for teachers from colleges, 
junior colleges, and secondary schools (and graduate 
students who are prospective teachers) to examine the 
methods, aims, and practices of introductory courses in 
science in the Harvard General Education program. 
During the Workshop there will be ample oppor- 
tunity for consultations between students and panel 
members about practical problems involved in teaching 
science courses. There will be afternoon sessions at 
which prepared papers will be presented. These 
papers will deal with such problems as “The Historical 
Approach and the Use of Historical Documents’; 
“The Value of Considering Science as an Organized 
Social Activity”; “The Role of Science in Technology 
and as a Factor in Social Change”’; ‘“The Need for a 
Viewpoint on the Philosophy of Science’; ‘Special 
Problems in the Biological Sciences’; “Aims and 
Among 


Objectives, and Methods of Testing Them.” 


the experts who will present the papers will be Pro- 
fessors Philippe Le Corbeiller, Edwin C. Kemble, and 
Edward S. Castle. 

Those able to give more intensive consideration to 
the General Education approach to the teaching of 
science will be able to enroll in a special course, also 
under the direction of Professors Cohen and Watson, 
which will begin July 5, include the Workshop, and 
continue until August 12. It will provide substantive 
data for use in the teaching of science and will consist 
of an introduction to the use of historical case materials 
in the study of science, a general survey of teaching 
methods in the sciences, an evaluation and testing of 
objectives, and the methods of organizing and con- 
ducting science courses. 

In addition to this special course, those enrolled in the 
program will have the opportunity to choose from three 
of the General Education science courses: ‘“The Devel- 
opment of Physical Theory from Copernicus to Ein- 
stein’’ (offered by Assistant Professor Gerald J. Holton); 
“The Philosophy of Modern Science” (by Professor 
Philipp Frank); and ‘“Human Behavior’ (by Professor 
B. F. Skinner). 

Inquiries about the Harvard program on “Science in 
General Education” should be directed to Harvard 
Summer School, 2 Weld Hall, Cambridge 38, Mass- 
achusetts. ; 
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2 TEACHING IONIZATION POTENTIALS IN THE 
GENERAL CHEMISTRY LABORATORY’ 


A constveration of ionization potentials is some- 
times included in general chemistry courses but methods 
for their experimental determination are not commonly 
described and no simple, inexpensive apparatus show- 
ing the principles involved in their determination has 
been available for laboratory work. Suggestions for 
ways to present this topic in the laboratory which 
remedy these deficiencies are given herewith. 

A gaseous ionization potential measures the amount 
of energy that is needed to remove an electron com- 
pletely from an atom. They are very useful in showing 
the electronic structure of atoms. They offer direct and 
easily understood data which show that the tendency to 
lose electrons from an atom decreases from Group I to 
Group 0 of the Periodic Chart, and that the electrons 
are in shells. 

In the direct determination of ionization potentials 
a gas or vapor of the element is bombarded with elec- 
trons. A simplified experimental arrangement for pro- 
ducing collisions between electrons and atoms is shown 
in Figure 1. The tube (like a three-element radio tube) 
contains the gas or vapor at low pressure. Electrons 
from the hot filament F are accelerated by being pulled 
toward and through the grid G which has a positive 
charge. The voltage of the grid charge (and therefore 
the speed of the electrons) is controlled by the potenti- 
ometer and battery B. At low voltages, only the elec- 
trons carry the current (registered by the galvanometer) 
from the grid to the plate. As the voltage is increased, 
the current to the plate slowly increases to a critical 
point, then increases suddenly due to the formation of a 
large number of ions. The voltage at which the sudden 
increase occurs is the ionization potential. At this value 
of the voltage the electrons from the filament have just 
sufficient energy to ionize the gaseous atoms. If the 
voltage is further increased, there may be other sudden 
increases in the current. These additional sudden 
changes in current are due to the release of a second elec- 
tron, a third electron, a fourth electron, and so on, from 
atoms of the gas. 

In general in progressing from Group I to Group 0 in 
any period of the Periodic Chart, the ionization poten- 
tial for the first electron increases. It will be noted 
from Table 1, adapted from Sisler and Vanderwerf,? 
that the potentials required to remove one electron from 
an atom of each of the alkali metals are relatively very 





1 Presented before the Division of Chemical Educatiort at the 
116th meeting of the American Chemical Society at Atlantic 
City, New Jersey, September 21, 1949. 

2 J. Cuem. Epuc., 22, 392 (1945). 


GEORGE A. SCHERER 
Earlham College, Richmond, Indiana 


low and that they are high for each inert gas. Thus, the 
potentials of lithium and sodium are both about 5 volts, 
while for neon and argon they are 15 to 20 volts. 

The ionization potentials of the elements, therefore, 
agree with the chemical properties of the elements. The 
elements with few valence electrons lose electrons most 
readily and form positive ions. The elements just before 
the inert gases, either share electrons or form negative 
ions. The inert gases have such high ionization poten- 
tials that they do not lose electrons and therefore do not 
have chemical properties. 

Ionization potentials also provide confirmation of the 
idea that electrons are in shells. This follows from the 
voltage necessary to remove one after another of 
several electrons successively from an atom. The 
voltages to the left of the heavy lines in Table I are for 




















am 


Your G 





C 





—IIII[15 
8 


Figure 1. Method for Determining Ionization Potentials 
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TABLE I 
Ionization Potentials 
Period Group No. At. No. Element First Second Third Fourth Fifth Sixth Seventh Eighth 
2 I 3 Li 5.4 | 75.3 
II Be 9.3 18.1 | 153.1 
III 5 B 8.3 24.0 37.8 | 258.1 
IV 6 Cc 11.2 24.3 47.7 64.2 | 389.9 
Vv 7 N 14.5 29.5 47.2 77.0 97.4 | 546.7 
VI ~ Oo 13.6 34.9 54.9 77.0 109.2 137.5 | 733.0 
VII 9 F 18.6 34.6 62.4 86.7 113.7 156.4 184.3 | 945.8 
0 10 Ne 21.5 40.9 63.3 —- 
3 I il Na 5.1 47.0 
II 12 Mg 7.6 15.0 | 79.7 
Ill 13 Al 6.0 18.8 28.3 | 119.4 
IV 14 Si 8.1 16.3 33.3 45.0 | 165.6 
Vv 15 P 11.1 19.8 30.0 51.1 64.7 | 
VI 16 s 10.3 23.3 34.9 47.1 67.0 weet 
VII 17 Cl 13.0 2.7 39.7 53.2 67.7 88.7 li3.7 | 
0 18 A 15.7 27.7 40.7 
4 I 19 K 4.3 |_ 31.7 47.0 
II 20 Ca 6.1 11.8 | 50.8 





the valence electrons and those to the right for the elec- 
trons from the next to the outer shell. There is a 
noticeably larger potential difference between electrons 
in different shells than between electrons in the same 
shell. 

Marion? has proposed some circuits to demonstrate 
ionization potentials but these require rather elaborate 
equipment, such as power supplies, B batteries, volt- 
meters, milliammeters, etc., which make it too expen- 
sive for each general chemistry student to have his own 
individual apparatus. His apparatus would be good for 


3 J. Cue. Epuc., 26, 372 (1949). 
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Figure 3. Apparatusto Show Principles of Ionization Potential De- 
terminations 


classroom demonstration or for a physical chemistry ex- 
periment. 

The principles involved in the direct method of the 
determination of ionization potentials can be illustrated 
by a very simple laboratory-made radio tube apparatus 
described by Hussey.‘ It is so simple and inexpensive 
(costs about three dollars to build) that each student 
can have one to use. The wiring diagram for the 
apparatus is shown in Figure 2 and a photograph of it in 
Figure 3. It uses a type 32 radio tube which requires a 
2000-ohm, 10-watt resistor in series with the filament 
and a 2-watt neon glow lamp as an indicator of the 
number of electrons flowing from the filament to the 
plate. A current flowing through a neon tube makes one 
of its plates glow as electrons fly off that plate and strike 
the neon atoms in the tube. (This can be demon- 
strated by connecting a 90-volt B battery to the neon 
tube contacts in the two ways possible.) 

Upon plugging in the apparatus to the power supply 





Figure 2. Wiring Diagram for Circuit to Show Principles of Ionizati 
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* School Sci. and Math., 43, 46 (1943). 
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(110 volts a. c. or d. c.), one of the neon tube plates will 
glow, showing that current is flowing through it; this is 
the current passing, as a stream of electrons flows from 
the hot filament to the plate in the radio tube. 

If a rod carrying a negative charge (a stick of sealing 
wax which has been rubbed on woolen cloth) is brought 
near the grid cap, the glow in the neon tube becomes 
faint because the negatively charged grid hinders the 
flow of electrons through the radio tube. A sudden 
approach, or the use of a strong negative charge, com- 
pletely extinguishes the glow. When a positive charge 
(a glass rod rubbed with silk) is brought near the grid 
cap, the glow becomes noticeably brighter. (Warning: 
The charge on a person, especially if he wears rubber- 
soled shoes, often will produce curious and misleading 


effects unless he takes care to ground himself.) 

The grid bias can also be produced by connecting dry 
cells (small flashlight cells) between the filament and 
control grid. ‘ When the grid potential is several volts 
higher than that of the filament, the neon light is 
bright; when the grid is lower in potential, the neon 
tube current is reduced, and at about 8 volts it is cut off. 

Incidentally this experiment provides a demonstration 
of the enormous amplification of a radio tube. It has 
been calculated® that each electron on the grid controls 
the passage of 50 million electrons per second or 250 
million electrons on the grid control a current of 
0.002 ampere or 1.3 X 10" electrons per second. 





5 School Sci. and Math., 43, 437 (1943). 





* BORAX BEADS—PREPARATION OF AN EXHIBIT 


In THE early stages of qualitative analysis most stu- 
dents would welcome an exhibit of the borax beads they 
may expect to obtain. 

The chief difficulty in preparing such an exhibit lies 
in the instability of some of the reduced colors when 
allowed to cool in the atmosphere. The use of the 
apparatus described below produces a well-shaped 
bead, cooled in an inert atmosphere, and sealed into a 
tube in the same atmosphere. 

A 500-ml. distilling flask is fitted with an inlet tube 
and funnel, and a piece of glass tubing is attached with 
rubber tubing to the side arm of the flask, as shown in 
the figure. An inert gas (the authors used carbon 
dioxide satisfactorily) is passed into the flask by the 
delivery tube, and the end of the glass tubing is sealed 
when the gas emerges from it. The gas then passes out 
at the funnel and keeps the whole of the apparatus filled. 

A borax bead is formed in the usual way on a plati- 
num wire. On removal from the flame, the wire is 
tapped sharply on the edge of the funnel, and the 
molten bead, falling into the flask, is shaped by rolling 
round the bottom of the flask. The bead is then ttans- 
ferred, by tipping the apparatus, to the sealed tube, 
and the remaining end of the tube is sealed off. 


E. JOHN H. BIRCH and ROBERT G. BAKER 
Bishop Wordsworth’s School, Salisbury, England 














Distilling Flask 





URBAN HIAERNE—THE FIRST SWEDISH 
CHEMIST 


Unsan HIAERNE, the name is often spelled Hjarne, 
was born on the 20th of December, 1641, in a vicarage 
in Ingermanland, then a part of Sweden. At the age 
of fifteen he fled from the Russian armies, since his 
father was dead, and without money or relatives he 
arrived in a small vessel at Stockholm and walked nine 
Swedish miles to Stringnis, where he had heard that 
he had an uncle. However, when he arrived in Strang- 
nis he discovered that nobody knew anything about 
his uncle, and so in despair he told the headmaster of 
the gymnasium of his difficulties. The headmaster, 
Tranaeus, took the boy into his own family, and thus 
Hiaerne got his basic education in Striangniis, after 
which he went to the University of Uppsala. 

Because of his extraordinary talents in the most dif- 
ferent fields, Hiaerne soon acquired many important 
friends—foremost, the King, Charles XI. Hiaerne 
wrote many plays and poems, many of which are still 
counted among the best of those of the 17th century in 
Sweden (1). He was also very interested in the Swedish 
language and modernized the spelling which had been 
greatly influenced by Danish spelling. Although he 
was known as a learned poet at the early age of 23, his 
main interests turned to the field of science. 

Bromelius was professor of botany at Uppsala at that 
time and became Hiaerne’s teacher; his medicine he 
learned from Rudbeck and Hoffvenius, “the fathers of 
Swedish medicine.” His intention was to become a 
physician and he spent much time in the university dis- 
pensary, established by Rudbeck: “A doctor who does 
not understand the art of preparing drugs has to see 
with other persons’ eyes and cannot know if his pre- 
scriptions are prepared in the right or the wrong way.” 





University and Cathedral at Uppsala 
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BERTIL ABERG 
Karolinska Institutet, Stockholm, Sweden 


In those days one could not get the degree of doctor 
of medicine in Sweden, and Hiaerne therefore went 
abroad—first as a family doctor to Count Claes Tott 
and later as chief doctor for the Swedish regiments in 
the Baltic. He was present at the election of the Polish 
king—“‘which took place with a great deal of con- 
fusion’”’—and also visited the best known hospitals in 
France, Germany, and England. In England he was 
honored with a membership in the Royal Society. He 
took his degree at Angers, but throughout his whole life 
he was very English-minded and his library, one of the 
largest private ones, contained works by Shakespeare 
and Ben Johnson, authors who in those days were not 
generally read in Sweden (2). 

In 1676 Hiaerne became famous throughout Sweden 
when he, a member of a special Royal commission, de- 
clared that witches were nothing but mentally deficient 
women. That put an end to a very dark period in 
Swedish history,. that of the witch-trials, during which 
people had for no less than eight years been condemned 
to death even on the accusations made by small chil- 
dren. In his declaration Hiaerne also emphasized that 
confessions made during torture, in itself an extraordi- 
nary thing in Sweden (3), could not be considered as 
reliable. 

In those days it was very popular among the upper 
classes to travel to some place abroad and “take the 
waters,” e. g., at Karlsbad, Selter, or Vichy. The 
water of those mineral wells contained iron, carbon 
dioxide, sulfur, etc., as Hiaerne could show in skilfully 
performed analyses of the different water. He now 
traveled to many places in Sweden in orderto find equally 
good wells, but had little success until Baron Gustaf 
Soop sent him some water from a well at his estate, 
Medevi, in the south of Sweden. It is said that Soop 
during a voyage to Italy had read in an old book from 
the 13th century written by a monk, about a well with 
medicinal water in Ostergétland in southern Sweden. 
Hiaerne found by his analysis of the water that it 
contained “minerals as well as acids and is a real medic- 
inal water.” At first people did not believe in his 
results, but when the Queen had honored the place 
with a visit and declared that the water had done her a 
great deal of good, it soon became popular to go to 
Medevi and take the waters there for some weeks. The 
popularity was naturally increased by the fact that 
Hiaerne himself during the first years worked as Royal 
Physician at Medevi during “the season.” It was not 
long before a number of mineral wells were discovered 
all over Sweden and Hiaerne wrote indignantly: ‘Only 
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a year ago, mineral wells were as unknown in Sweden 
as an Elephant or Rhinoceros, but today every little 
seller of teriac claims that he has discovered a well— 
there is not muc.. to say about them except that their 
water is good to drink when one is thirsty.” 

In 1663 the government founded a “Collegium medi- 
corum” in Stoeckhelm, which was to superintend the 
care of the sick in the country and its members were to 
teach medicine in the capital. Hiaerne became a 
member of the “collegium” and gave lectures in anat- 
omy and tried to establish a maternity hospital in 
Stockholm. The drugs in the pharmacopoeia interested 
him very much and he made a great many alterations 
(always for the better) and was the first to prescribe 
fresh cloudberries for scurvy—a common disease in 
Sweden when the diet chiefly consisted of salt meat, 
Swedish turnips, and beer. 

In the 17th century the study of chemistry was chiefly 
localized to the Royal Bureau of Mines, which since 
1639 employed a chemical assistant. It was impossible 
to get a Swede, but Germans, skilled in the chemistry 
and alchemy of the time, accepted the post and often 
caused the Bureau trouble. Between 1641 and 1660 
one Liborius Fintzenhagen worked here—a cunning, 
imaginative, and sottish rascal whose successor, the 
Paracelsist Wendlinus Sybellista did not leave the 
country until 1670. Both of these gentlemen did little 
but draw their salaries, and no scientific work worth 
mentioning was performed. 

When in 1674.Hiaerne came home from his travels 
abroad he was fully aware of the important part chem- 
istry could play in medicine. He became Assessor of 
the Bureau of Mines and established a private labora- 
tory. When his analyses of the water from Medevi 
had caused a Swedish mineral well to be established, he 
pointed out to the King that no enlightened govern- 
ment could but take an interest in chemistry, as most 
European regents had employed chemists and gold- 
makers. In 1679 a first attempt was made in forming 
a “Laboratorium Chymicum” in Stockholm, but not 
until 1683 did a royal decree order the establishment of 
a laboratory with Hiaerne as its head. The institution 
was originally planned to be independent of other 
governmental organizations but this independence 
was lost the following year when the laboratory became 
connected with the Bureau of Mines. Soon it became 
evident that this was an undesirable arrangement. 

After having been lodged in different houses for some 
time, the laboratory was moved into a house of its own 
in 1695, The Gripenhielm House, situated in Kungshol- 
men where the Serafimer Hospital now stands, partly 
surrounding the original building. The new “Labora- 
torium Chymicum Holmiense” received first-class 
equipment, comprised of a microscope, Boyle’s air 
pump, Papin’s digester, thermometers, as well as a 
large smelting-furnace. In front of the house, Hiaerne 
arranged a large garden with medicinal herbs and a 
bathing establishment for “bathing either in water or 
in hot air with sweating” (Russian bath). He was 
generous with governmental money and so the labora- 


Urban Hiaerne 


tory became famous all over Europe; Leibnitz wrote 
to Hiaerne and asked for information and Homberg 
traveled all the way from Paris to Stockholm in order 
to visit Hiaerne (4). 

Hiaerne had an assistant employed by the Bureau of 
Mines. Here the adventurous Markus Matthias 
Farner (1684-87) worked, as well as the student Nils 
Wallerius who later became professor of medicine in 
Abo; also Herman Niklas Grim (1698-99), the skillful 
physician, and a German, Johan Georg Gmelin (1699- 
1706), an extraordinarily clever chemist and first mem- 
ber in a family of prominent German scientists. Be- 
sides scientific work, Hiaerne had to provide medicine 
for the mines and for the army, a time-absorbing task 
in the days of Charles XII. He also had to distribute 
medicine to the poor of Stockholm and estimate the 
contents of gold, silver, and copper in minerals for the 
Bureau of Mines. About 1700 he succeeded in shifting 
part of this work onto the shoulders of his assistant so 
as to be able to devote himself entirely to scientific 
work—in the first place analytical chemistry, since he 
was one of the best in that branch. 

Scientifically, Hiaerne was a son of the age in which 
he lived. His view of chemistry was religiously meta- 
physical, like that of the Paracelsian school, in sharp 
contrast with the Cartesians represented by men like 





Stockholm in Hiaerne’s time, from Kungsholmen: The Gripenhielm House in the Foreground 


Boyle and van Helmont. (“The Cartesians are thick 
in their heads.”) Hiaerne intended to publish his 


ideas in a large ‘Physica Generalis,”’ but it never got 
printed, although its main parts were published in 1712 


in the first volume of his ‘“‘Acta et Tentamina Chymica 
in regio Laboratorio Stockholmiensi elaborata,” the 
second part of which, together with a reprint of the 
first volume, was edited in 1753 by J. G. Vallerius. 
Thanks to Vallerius, such important results of Hiaerne’s 
scientific work as his discovery of formic acid, the origin 
of alkalies through combustion of plants, and the in- 
crease in weight of metals by calcination were published. 

The Bureau of Mines had not been able to follow 
Hiaerne in his manifold interests, and sold the Gripen- 
hielm House in 1712, after which the laboratory again 
was forced to put up with different quarters. When 
Hiaerne died in 1724, no work had been performed in 
the laboratory for some years, and not until 1727, 
when Georg Brandt, discoverer of cobalt, was given the 
post as chemist at the Bureau of Mines, was Labora- 
torium Chymicum Holmiense re-established and Swed- 
ish chemistry was in time able to foster men like Tor- 
bern Bergman, Scheele, Gahn, Ekeberg, and Berzelius. 

Urban Hiaerne’s interest in mining—one of Sweden’s 
primary trades—was exceedingly great and he was the 
inventor of many technical improvements. “Our 
great Hiaerne was as good a miner as a medical man, 
and was of greater use to Sweden with what he knew 
about mining, than we acknowledge” (Abraham 
Back). In order to arouse the King’s interest in min- 
ing Hiaerne wrote a small booklet: ‘Miner’s Lantern 
by Means of Which We May Enlighten Ourselves in 
the Dark Art of Mining” (6). The result was that the 
King went with Hiaerne to the silver mine in Sala. 
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During his travels in Jamt- 
land and Harjedalen (north- 
ern Sweden) Hiaerne dis- 
covered some valuable new 
deposits of copper ore. 

During the 17th and 18th 
centuries the lack of physi- 
cians was deplorable in Swe- 
den and the country people 
had to resort to charlatans. 
Ina proposition to the King, 
Hiaerne therefore suggested 
that the clergy should learn 
the elements of practical 
medicine “so as to alle- 
viate the ailments and the 
pains of the peasantry.” 
Some of the clergymen—e. 
g., A. L. Burman in Offerdal 
in Jamtland (1689-1737)— 
is said to have practiced 
the profession of doctor 
among the workers in his 
copper mine so successfully 
that he had an Aesculapian 
rod carved on his tomb- 
stone. Urban Hiaerne also suggested that the Colleg- 
ium medicorum should publish small booklets in times 
of pestilence, containing advice as to protection and 
treatment for the benefit of the people. 

Although the consumption of corn brandy was enor- 
mous in those days, Hiaerne’s attitude was that of a 
teetotaler: ‘Brandy is to be regarded as a medicine 
and not as nourishment, therefore drink it only in an 
emergency, that is, rarely and in small quantities, and 
not every morning and evening—a bad habit causing 
great damage.” 

At the age of eighty Hiaerne had to witness the intro- 
duction of a new constitution in Sweden. To him and 
to Baron Gyllencreutz, the lawyer, the task was given 
to scrutinize it before it was read in Parliament (“the 
Four Estates’). Hiaerne disapproved of Frederick I 
being elected King. Therefore in 1720 he applied for 
his discharge and was awarded the honorary title of 
Governor. 

His industriousness was astounding and he had a 
wax tablet on which he wrote down the ideas he got 
while lying awake in the night. Over the door to his 
study he had written: ‘Friends are thieves who steal 
our time, worse than others not being able to restore 
the stolen property.” 

Hiaerne was married three times, his first wife, Maria 
Svan, was the niece of Nicodemus Tessin, the famous 
Swedish architect. They had 9 children. Upon her 
death he married Elisabeth Bergenhielm who became 
the mother of 7 children and then at the age of 62 he 
was married for the third time to Elisabeth Ceder- 
strém who was mother to 9 children. Of his 25 chil- 
dren, 9 were sons and 16 weredaughters. Urban Hiaerne 
died in 1724, 83 years old. 
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THE USE OF CHELATES IN THE CONFIRMATION OF ORGANIC 


IN QUALITATIVE organic analysis the problem of dif- 
ferentiating an ortho-substituted compound from its 
meta- or para-isomer often arises. A method is demon- 
strated here in which a comparison of colored chelates 
of a known isomer with those of the unknown isomer 
quickly identifies the unknown. 

The problem illustrated here involves an amino- 
benzoic acid which was characterized as such using the 
methods described in the literature (1). The com- 
pound’s physical properties suggested the ortho isomer, 
anthranilic acid. If we are dealing with this ortho 
isomer, six-membered chelates should be possible; this 
hypothesis was confirmed by Feigl (2), who gives the fol- 
lowing structure for these chelates. 
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According to Welcher (3) anthranilic acid reacts with the 
following ions to form insoluble colored chelate com- 
pounds: Znt++, Mn++, Pb++, Hgtt+, Cott, Nit*, 
Cdt++, and Cu++. He recommends the use of sodium 
anthranilate as the reagent and gives the proper pH 
conditions for quantitative precipitation. WHere an- 
thranilic acid is used only a few of these metals will give 
crystals suitable for quantitative microchemical analy- 
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sis (3). These are, according to Welcher (3) and 
Sheintis (4): Cut++, Hg.++, Pd++, Zn++, and Ag+. This 
author used a spot-paper technique instead of the 
microchemical methods previously described. Spot 
paper was prepared by treating filter paper, or prefer- 
ably spot paper, with an aqueous solution of anthranilic 
acid and allowing the paper to dry. Drops of various 
solutions containing the anion of interest were applied 
to the paper and after drying the following colors were 
observed: Cut++—green, Ag+t—purple, Cet+++— 
brown, and Fe+++—yellow. 

A similar procedure involving the unknown isomer 
yielded colors identical to those mentioned, while the 
meta and para isomers gave either none or different 
colors. ; 

It is huped that the application of chelates mentioned 
here will stimulate work in a field in which small-scale 
work can be done at practically no expense because 
samples are readily obtainable from manufacturers. 
This should make research along these lines ideally 
suited for undergraduate research at small liberal-arts 
colleges. 
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* Safety Chart on Chlorine 


A new durable wall chart on accident prevention and 
safety measures to be followed in the handling of liquid 
chlorine has just been issued by the Pennsylvania Salt 
Manufacturing Company, 1000 Widener Building, 
Philadelphia, Pennsylvania, and is available to con- 
sumers of the product. 


ee Combustion Unit 


The Lindberg Type LI-500A is a completely new 
induction heating unit designed specifically for labora- 
tory use in carbeén determination, both gravimetric and 
volumetric. It is particularly useful for sulfur deter- 
minations because of the high temperatures available. 
It provides radio-frequency energy from a stable elec- 
tronic circuit similar to that used in large industrial- 
type induction heaters. For further information write 
Lindberg Engineering Co., 2456 W. Hubbard S&t., 
Chicago 12, Illinois. 





= Electric Muffle Furnace 


This new electric muffle furnace has been developed 
to keep in step with the growing demand for higher 
temperatures for research in the modern laboratory. 
It is designed for an operating range of 1700°F. to 
2600°F., using “Globar”’ heating elements and is 


equipped with a ceramic muffle. For further informa- 
tion write Hevi Duty Electric Company, Laboratory 
Furnace Division, Milwaukee 1, Wisconsin. 


& Protecto-Grid 


The manufacture of a new product know as the 
Protecto-Grid has just been announced by the U. S. 
Stoneware Co., Akron 9, Ohio. The Protecto-Grid is 
just a simple thing but a new idea that will be of great 
interest to any user of laboratory equipment. It fits in 
the bottom of the sink or on the drainboard and acts 
as a “cushion” between the sink and the glassware, 
cutting costs by protecting fragile laboratory glassware 
from possible breakage. 

The Protecto-Grid is an expanded piece of metal 
completely covered with Tygoflex, a member of the 
Tygon family. Tygoflex is tough, resilient, and resist- 
ant to acids and alkalies but not chlorinated hydro- 
carbons, ketones, or esters. Protecto-Grids are avail- 
able in sizes to fit virtually any sink or drainboard. 
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ry Internal Corrosion 


Structures used in an atomic power plant are subject 
to a kind of internal corrosion. Ordinary equipment 
must be protected from the deleterious effects of such 
things as moisture and fumes of chemicals, but from a 
nuclear reactor, which is the furnace of an atomic 
power plant, there are emitted high-energy particles 
and radiations comparable with those that would be 
discharged from several tons of pure radium. These 
rays are able to penetrate considerable thicknesses of 
any material and they may change the arrangement of 
the atoms of which a structure is made, and materially 
alter its physical properties. Thus a structural ma- 
terial that may be entirely satisfactory for ordinary 
engineering uses might be made unfit for prolonged 
operation in an atomic power plant. Another adverse 
effect is that the neutrons which are produced in large 
numbers in the reactor, are responsible for maintaining 
the chain reaction by which atomic energy is released, 
are soaked up by control rods which act as a blotter, 
and are required to keep the reactor from running away. 
However, if the rest of the structure acts as a neutron 
blotter, the supply of neutrons will be depleted and the 
power reduced. These difficulties open a whole field 
of new procurement problems. 


e Radicactivity Demonstrator Set 


Recognizing the importance of keeping everyone 
abreast with the atomic age, the Nuclear Instrument 
and Chemical Corporation, 223 West Erie St., Chicago 
10, Illinois, has produced a radioactivity demonstrator 
for science instruction which is safe and simple to 
operate and which gives accurate and highly illustra- 
tive results. The new Model 1613 Demonstrator con- 
sists of the basic counting instrument which gives a 
visible, neon tube flash and an audible “click” indicat- 
ing each disintegration. An easy-to-read meter shows 
the amount of radioactivity. The twenty-eight page 
manual describes and explains graphically how to use 
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the following accessories which are included in the com- 
plete setup: two sources of radioactivity; a set of lead, 
aluminum, and paper absorber; and a calibrated mount- 
ing device for fixing the positions of these accessories. 


e Dry-Flo 


National Starch Products, Inc., New York City, has 
announced a new derivative of corn starch, Dry-Flo, 
which is such a finely divided powder and of such silk- 
like texture that it flows almost like water. However, 
it is hydrophobic and therefore is not wetted by water; 
it cannot be gelatinized by heating in water and floats 
on the surface of water without clumping. Potential 
applications for Dry-Flo include rubber dusting, flat- 
ting agent in lacquers, detackifying agent for rubber 
articles formed by the dip method, antihalation powder 
for the back of photographic films, prevention of stick- 
ing of viscous materials to container walls, lubricating 
agent, and cosmetic powders. 


* Thickness Measurement 


The General Electric General Engineering and Con- 
sulting Laboratory has described a thickness gage 
which uses rays from a radioactive material to deter- 
mine the thickness of moving sheets of materials such 
as metal, rubber, plastics, or cloth. The gage makes 
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the measurements continuously and automatically 
without actually touching the materials. The radio- 
active material showers beta rays on the sheets being 
measured and an electronic device measures the quan- 
tity of rays passing through the sheets, the thicker the 
material, the fewer the réys that pass through. The 
gage provides supervisors with a continuous check on 
the thickness of the sheets as they are produced whereas 
in the past it has been necessary to stop machinery. 


Eilhard Mitscherlich and His Wife 
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€ Eilhard Mitscherlich 


Dr. Ralph E. Oesper has sent us the accompanying 
picture of Mitscherlich and his wife which supplements 
our article Eilhard Mitscherlich (1794-1863), July, 
1949. In connection with this article Professor 
Winderlich has recently pointed out that the picture on 
page 358 is Mitscherlich’s brother, Carl Gustav (1803- 
1871) and not his father, Carl Gustav, Sr. (1762-1826). 


& Pure Color Filters 


A revolutionary filter that may someday play an 
important role in color television has been developed 
by Bausch & Lomb Optical Co., 635 St. Paul St., 
Rochester, New York. 

This Interference Color Filter, as it is known, pro- 
vides the simplest means yet devised for producing 
color of a high degree of purity. When ordinary white 
light passes through the coated filter, one of its com- 
ponent pure colors—red, blue, green, yellow—emerges. 
The “secret” lies in three thin films, of silver and 
magnesium fluoride, applied under high vacuum to one 
side of the glass. First silver is introduced into an 
evaporator on a heated metal strip. Under vacuum, 
the silver particles fly off and bombard the glass form- 
ing the first film. A coating of magnesium fluoride is 
then applied in the same manner, then another layer 
of silver. A cover glass is then cemented on to protect 
the triple film coating. The thickness of the magnesium 
fluoride film determines which color will pass through 
the filter. If a uniform coating is applied, a uniform 
color will appear over the entire surface of the filter. 
If the fluoride coating is applied thinner at the center 
and thicker toward the edges different colors will 
appear as concentric rings. 

Although the filters are now used primarily in labora- 
tory work replacing the Monochromator where pure 
colors are required their wide application in such 
varied fields as color television, photography, refrac- 
tometry, vision testing, and astronomy is predicted. 


On the Approach of Commencement 


It was during the Middle Ages that Petrarch uttered his criticisms and epigram about doctors: 
“‘Now the young man appears, puts on an air of importance, and murmers unintelligibly while 
the people stare at him with astonishment, and his friends congratulate and applaud him. The 
bells are rung, trumpets sounded, rings and kisses exchanged, and the round cap of the Magister 
is placed on his head. Whereupon he, who had mounted the ceremonial chair a blockhead, de- 


scends from it a wise man. 


This is a metamorphosis of which Ovid knew nothing.” 


Contributed by Ralph E. Oesper 
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GRAPHIC ESTIMATION OF BOILING POINT AT 
REDUCED PRESSURES — 


Ir 1s often desirable to determine approximately the 
boiling point of some compound at a reduced pressure 
for which no temperature value appears in the litera- 
ture. For such a task nomographs (1, 3) have been pre- 
pared. Since the present work is primarily for educa- 
tional use in organic chemistry, it seemed to be prefer- 
able to use a graph, or graphs in which relation of tem- 
perature to pressure is more conventionally represented 
than in the usual nomograpk 


TYPES OF PROBLEMS 


Problems of the kind above cited fall principally into 
two classes, according to extent of data available: 

(A) At least two boiling points, at widely different 
pressures, are available for the compound in question. 
Interpolation or extrapolation is required. Such a 
problem is solved with relative ease, and is of minor 
significance. 

(B) Only the normal boiling point, at or near 760 
mm., is known. This is the more interesting, more 
significant, and more difficult type of problem. 

Graphic solutions for problems of type (A) have long 
been approximated by drawing of lines on a chart in 
which the logarithm of pressure is plotted against the 
reciprocal of absolute temperature. Such a chart in- 
volves substantial errors, since it is based on the incor- 
rect assumption that p and T are the only variables in 
the classical equation: 


logp = A -2 (1) 


Explanations of this error are to be found in various 
texts of physical chemistry. In view of such errors, 
Figures 1 and 2 have been prepared to handle both (A) 
and (B) problems. They are intended as work sheets 
for student use. Scales have been chosen so that a plot 
of successive points, p (in mm.) vs. ¢ (°C.), will approxi- 
mate a straight line in the average case. Solution of an 
(A) problem is then extremely simple, as illustrated by 
the following example in which the boiling point of 
methylene bromide at 45 mm. is desired. 


G. ROSS ROBERTSON 
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PROBLEM OF TYPE (A) 


Boiling points of methylene bromide at 10 mm. and 
760 mm. have been reported as —2.4°C. and 98.6°C., 
respectively. Examination of the accompanying table 
of “slope values” indicates that the vapor pressure 
“curve,” or line for this compound, has a slope nearer to 
20 than 30. Figure 1 is therefore chosen as work sheet. 
The coordinate values 10-(—2.4) and 760-98.6 are 
therefore located on Figure 1 and a straight line drawn 
through the two points. In order to avoid defacing of 
the main charts, both this methylene bromide example 
and the problem (B) example, n-undecane, have been 
placed in a special illustration, Figure 3, which is 
merely a copy of part of Figure 1 with numerous un- 
used lines omitted. The two coordinates are located as 
T, and 7;. It is now seen that the intersection of line 
T;Ts with pressure line 45 shows a boiling point of 
approximately 25°. 


PROBLEM OF TYPE (B) 


In this case, where but one p-t value is known, there 
arises the question of slope of the straight line which is 
to pass through the single p-t point. The slope table is 
again consulted, not only to settle the choice of Figure 1 
or 2, but also to determine as closely as possible the 
actual slope to be followed. For example, suppose that 
the boiling point of n-undecane at 10 mm. is desired: 

The slope table suggests a probable value of 23 for n- 
undecane. Since 23 is a “low” slope value, Figure 1 is 
chosen as a work sheet, but the actual graphic solution 
is printed, as in the former case, on Figure 3. 

The normal boiling point of this hydrocarbon, 
195.8°C., is now located, and a straight line drawn 
through this point with slope 23. For convenience in 
establishing slope, the charts include a series of p—t lines 
of standard integral slope values for a group of hypo- 
thetical reference compounds, all boiling at 130°C. 
T3T,, the line for n-undecane, is therefore drawn parallel 
to reference line 7,72, slope 23. Intersection of this 
line with the 10 mm. pressure line is the desired b. pt. 
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DESIGN OF CHART 


The principal feature of the chart, either Figure 1 or 
2, is seen in the fact that the abscissa scale is laid out in 
units of log T (absolute temperature) instead of the 
classical reciprocal. When such a scale is used, all 
compounds—low or high boiling—with the same 
entropy of vaporization, or as writers in physical chem- 
istry sometimes say “of the same compound class,” 
have p-t lines with the same slope. The lines drawn for 
n-undecane illustrate the following algebraic proof of 
this statement. 

According to Diihring’s rule, 


T; T, 
T, = Ty (2) 


where the 7 values are the respective boiling points of 
two “like” substances at two pressures. From this 
equation, 


log T; — log 7; = log T, — log T: (3) 


Since the chart is laid out with temperature plotted as 
log T, equation (3) is the equivalent of d, = d, (Figure 
3) and the p-t straight lines 7,7: and 737, therefore 
should be parallel. This validates the assumption that 
T;T, is at proper slope to coincide with the true p-t co- 
ordinates for undecane. 

Following adoption of the log T' scale, two pressure 
scales were laid out, one for Figure 1 based on n-hexane, 
a compound of low entropy of vaporization, and a 
second for Figure 2 based on n-pentanol, a substance of 
high entropy. In each chart the pressure lines were 
drawn so that the succession of coordinate boiling-point 
values for the chosen standard substance, 1 to 760 mm., 
fall approximately on a straight line. Slight empirical 
corrections, both of position and direction, were then 
made to bring the chart into better agreement with a 
number of trial compounds. Such a scale agrees roughly 
with the Miles vapor-pressure slide rule and thus with 
the Henglein-Miles equation: 


B 
logp = A — aia (4) 


from which p- lines of relatively low curvature errors 
are obtainable, in contrast with equation 1. Details of 
justification for this equation are given by Miles (2). 

A numbering system was then desirable for the 130° 
reference slopes. Since these slopes are proportional to 
Trouton ratios, or entropy of vaporization, the Trouton 
scale was used, with eleven integral slope values, 20 to 
30, recognized on the two charts. As fixed points, n- 
hexane was set as 22, and n-pentanol as 28. The result- 
ing “slope values” thus agree roughly with Trouton 
ratios. Graduation of slope intervals is logarithmic, 
since the abscissa scale is logarithmic. 


DETERMINATION OF SLOPES 


Since the Trouton ratio, and thus the similar, “slope 
value”’ of this article, are closely related to structure of 
an organic compound, it became desirable to present a 
table showing known slope values of a wide variety of 
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Figure 3. Examples: Methylene Bromide and n-Undecane 


organic compounds, so that the procedure described 
under the heading “problem (B)” above might be 
carried out for a variety of new compounds. The slopes 
for 111 representative compounds were therefore estab- 
lished and are recorded below. Such slope value, with 
only fair accuracy in the first decimal place, is the 
number of slope of the line connecting the normal 
boiling point (760 mm.) with the boiling point at 10 mm. 
Use of 10 mm. as the lower reference point tends to give 
maximum accuracy of the method in the field where re- 
duced-pressure distillation most commonly applies. 
Necessary data at 760 and 10 mm. were taken from the 
well-planned and critically reviewed tables of Stull (4). 

This method of estimating boiling point by no means 
guarantees exact results. Its degree of accuracy is 
similar to that of the Miles slide rule. Accuracy may be 
tested on a group of known compounds by plotting 
Stull’s data for these substances at 10 and 760 mm. on a 
large-scale copy of the proper chart. Extrapolations 
and interpolations at the 1- and 100-mm. pressure lines, 
where accuracy is least, reveal extent of error, as shown 
in Table I. 


ACCURACY OF LITERATURE DATA 


Incidentally, Figure 1 or 2 may be used to detect 
certain errors in reported data. If the 10-760 plot is 
made for a compound as described above, a gross error 
may sometimes be detected by noting a slope incon- 
sistent with the structure of the substance. Such an 
error may not be detectable by a smoothing process, 
since the original determinations may have gradually 
run off into increasingly false values. The following are 
examples: 

The literature gives 53.7° and 192° for the two boiling 
points of 1-decene. Slope would be 19, out of line for a 
Cio hydrocarbon. Apparently a misprint. 
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SLOPE VALUES OF ORGANIC COMPOUNDS 





Hexane (68.7 °). .. 
3-Ethylhexane (118.5°) 
Octane (125.6 °) 
Nonane (149.5°) 
Dodecane (214. 23 ) 


Toluene (110.6°) 
sees ia (136.2 ) 
Xylene (138.3°) 
ylene (139. 1*) 
m Xeylen (144.4°) 
Cumene (152.4°) 
1,3,5-Trimethylbenzene (164.8°) 


1-Hexene (66°) 
2-Heptene (98.5°) 
2-Methyl-2-heptene (122.5°) 


Carbon tetrachloride 
Butyl bromide (101.6 °) 
Propyl iodide (102.5 °) 


Fluorobenzene (84.7 °) 
Chlorobenzene (132.2°) 
Bromobenzene (156.2 °) 
ec eo mae me (173.9°) 
nzyl chloride (179.4°) 


Methanol (64.7 °) 
Ethanol (78.4°) 
Propanol (97.8 °) 
Isopropanol (82.5°) 
Butanol (117.5°) 
Pentanol (137.8°) 


Methyl ethyl ketone (79.6°).................... 


3-Pentanone (102.7 °) 
2-Pentanone (103.3°) 
2-Hexanone (127.5°) 
Oenanthaldehyde (155°) 
Cyclohexanone (155.6 °) 


Formic (100.6 °) 
Acetic (118.1°) 
Propionic (141.1°) 
Butyric (163.5°) 
Valeric (184.4°) 
Chloroacetic (189.5°) 


Benzyl acetate (213.5°) 


Isobutyl benzoate (237°)............. ccc cece ees 


Diethyl glutarate (237 °) 
Diethyl phthalate (294°) 


Isobutylamine (68. 6°) 
Pyridine (115.4°) 
Thecbethanien (139.5 °) 
Tri-isobutylamine (179°) 
Aniline (184.4°) 
Benzylamine (184.5°) 
o-Toluidine (199.7 °) 


Capronitrile (163.7 °) 
Benzonitrile (190.6 °) 
p-Tolunitrile (217.6°) 


Lanes a ange 7. 6°) 
Nitrobenzene (210.6 °) 
p-Nitrotoluene (238. 3 ) 


“O00 
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Alkenes 


Alkyl Halides 


Aryl Halides 


Esters 


Nitro Compounds 


Tetradecane (252.5°) 
Octadecane (317 °) 
Heneicosane (350.5 °) 
Tetracosane (386.4°) 
Hexacosane (399.8 °) 


Aromatic Hydrocarbons 


Naphthalene (217.9°) 
Heptylbenzene (233°) 
Biphenyl] (254.9 °) 
Acenaphthene (277.5°) 
Bibenzyl (284°) 
Fluorene (295°) 
Phenanthrene (340.2 °) 


1-Decene (172°) 
1-Dodecene (208°) 
1-Hexadecene (274°) 


1.2.3 -Tricthorobutane. ...... 2. cic eke eles 
Acetylene tetrabromide 


Todobenzene (188.6 °) 

Benzoyl chloride (197.2°) 
Benzotrichloride (213.5 °) 
a-Bromonaphthalene (281.1 °) 


tert-Amy] alcohol (101.7 °) 
Octanol (195.2 °) 

Decanol (231°) 

Dodecanol (259°) 
Ethylene glycol (197.3°) 
Glycerol (290°) 


ldehydes and Ketones 


Benzaldehyde (179°) 

Acetophenone (202.4°) 

Capraldehyde (208.5 °) 
pt ee a er aren 
Vanillin (285°) 

Stearaldehyde (342.5°) 


Benzoic (249.2°) 
Capric oe" 


Diethyl sebacate (305.5 °) 
Phenyl benzoate (314°) 

— phthalate (340° ) 
Benzyl] cinnamate (350°). . 


o-Chloroaniline (208.8 °) 
—— (237.7 °) 

etradecylamine (291.2 °) 
a-Naphthylamine (300.8 °) 
Diphenylamine (302°) 
Cetylamine (330°) 
Acridine (346°) 


Glutaronitrile (286.2°) 
Palmitonitrile (332°) 


m-Nitrobenzaldehyde (278°) 
Ethyl-3-nitrobenzoate (298°) 
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TABLE I 





Graphic 
Pressure, estimate, 


Compound mm. deg 





—26 
39.5 
—19. 


Isopropyl alcohol 1 
(b. p. 82.5°) 100 
3-Methylheptane 1 
(b. p. 118.9°) 100 
o-Toluidine 1 
(b. p. 199.7°) 
Diphenyl ether 
(b. p. 258.5 °) 
a-Bromonaphthalene 
(b. p. 281.1°) 
Glycerol 123.5 
(b. p. 290°) a 
Dibutyl phthalate 147 
(b. p. 340°) 263 
Hexacosane 205 
(b. p. 399.8°) 323 


200.5 
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Caprylaldehyde, lit. 101.2° and 168.5°; slope would 
be over 40, impossible for a Cs aldehyde. 

Hexadecyl alcohol, lit. 177.8° and 344°; slope value 
would be 22, impossible for such a compound. 

It is probable that numerous other errors of the same 
kind exist in the literature, often of less magnitude. It 
is conspicuous that data for alkanes, derived from recent 
investigations by well-qualified petroleum technolo- 
gists, and shown in the following slope table, are much 
more consistent than those for aliphatic aldehydes and 
ketones. Perhaps graphs may later be substituted for 
the slope table. 


LITERATURE CITED 


(1) Borpenca, C., Ind. Eng. Chem., Anal. Ed., 18, 99 (1946). 
(2) Mizs, F. T., Ind. Eng. Chem., 35, 1052 (1943). 

(3) Mugs, F. T., ibid., p. 1052 and bibliography. 

(4) Sruut, D. R., zbid., 39, 517, 1684 (1947). 


Editor’s note: Reprints of this article, for personal or class use may be ordered from the pub- 
lisher (Journal of Chemical Education, Mack Printing Company, 20th and Northampton Sts., 
Easton, Pennsylvania) within one month of the date of issue. 





AN IMPROVED QUALITATIVE TEST FOR CARBONATES 


THE apparatus shown in the illustration is an improve- 
ment over the usual methods of testing for carbonates. 
It yields results more reliable and more clearly visible 
than in the “hanging-drop” method. It avoids sucking 
back and eliminates false positive tests caused by decom- 
position of oxalates in the distillation method. 

Procedure. A small amount of unknown. acidified 
with hydrochloric acid is introduced in the first tube; 
acidified dichromate in the second to react with such 
impurities as sulfur dioxide; barium hydroxide solution 
is put in the third tube. Suction or positive air pres- 
sure is then applied so a rapid but gently bubbling 
stream is observed in the tubes. If a carbonate is 
present a white precipitate will form in barium hy- 
droxide within a minute or two. 

As little as 1 mg. CO; ion can be detected by this 
method. One setup will usually be sufficient for a 
class. 


RICHARD B. HAHN and RICHARD MULLINS 
Wayne University, Detroit, Michigan 
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Train for Carbonate Test 





Report of the 


NEW ENGI? 
OF CHE 


TWELFTH SUMMER CONFERENCE 


* Preliminary Announcement 


Preparations are well under way for the Twelfth 
Summer Conference of the New England Association of 
Chemistry Teachers, to be held at the University of 
Connecticut during the week of August 21st. The 
high quality of the programs and the pleasant surround- 
ings of these annual summer conferences are attracting 
a constantly large attendance of members and guests. 
Many teachers. use the summer conferences for a 
vacation for their families as well, and each year a 
number of teachers from outside of New England 
participate. Last year the number who registered was 
225. Those who attended the third conference, held at 
Connecticut in 1941, will remember pleasantly the ex- 
cellent accommodations afforded at the University. 
In addition to the scientific program outlined. below 
there will be a social program, designed specifically for 
the nonprofessional guests, that includes trips, swim- 
ming, picnics, and visits to the museums, experimental 
garden, and cultural facilities at the University. 

At the time of going to press the following speakers 
had been secured. It will be noted that the program 
has the usual wide variety of topics that will be of in- 
terest both to teachers in the secondary schools and 
colleges. 


William B. Mel- 
(Demon- 


Electrochemistry in the Freshman Course. 
drum, Haverford College, Haverford, Pennsylvania. 
strations will be included). 

Chemistry Applied to Archaeology. Marie Farnsworth, Metal 
and Thermit Corporation, Rahway, New Jersey. 

Chemical Problems of the Frozen Foods Industry. Donald K. 
Tressler of Donald K. Tressler Associates, Food Technologists, 
Westport, Connecticut. 

Panorama of Steel. Charles M. Parker, American Iron and 
Steel Institute, New York City. 

Plant Hormones in Practice. Percy W. Zimmerman, Boyce 
Thompson Institute for Plant Research, Yonkers, New York. 

A Service to Industry. John B. Calkin, Department of Indus- 
trial Cooperation, University of Maine, Orono, Maine. 

Modern Chemistry in Amino Acid Synthesis. Roger Gaudry, 
Department of Biochemistry, Faculty of Medicine, Laval Uni- 
versity, Quebec, Canada 

Crystallization and Crystal Growth. Andrew Van Hook, College 
of the Holy Cross, Worcester, Massachusetts. 

Microchemistry. Michael Cefola, Department of Chemistry, 
Fordham University, New York City. 

Isotopes. Edwin A. Wiggin, Isotopes Division, U. S. Atomic 
Energy Commission, Oak Ridge, Tennessee. 


Recent Advances in Fluorine Chemistry. Glenn C. Finger, 
Illinois State Geological Survey, Springfield, Illinois. 

Medical Aspects of the Atomic Bomb. (Speaker to be an- 
nounced). 


In addition to the topics listed above there will be at 
least four more papers, arrangements for which have 
not yet been completed. New scientific motion pic- 
tures will be shown at the beginning of each evening 
session. Fees for the Conference have been set at low 
figures—Registration fee for member, before August 
Ist, $3.00; after August 1st, $4.00; Dormitory Room 
rent, $2.50 for the first night and $1.25 for each suc- 
ceeding night. Meals will be served at the University 
Cafeteria at reasonable prices. 

Teachers who wish further information are requested 
to write to the Conference Secretary, Carl P. Swin- 
nerton, Pomfret School, Pomfret, Connecticut. 


* 254th Meeting, February 11, 1950 


The 254th meeting of the New England Association 
of Chemistry Teachers was held on Saturday, February 
11, at the Rhode Island School of Design with an un- 
usually large attendance for the winter divisional meet- 
ing. Ninety-three members and guests signed the 
register and there were additional people who were not 
recorded. 

The meeting was opened at 10:15 a.m. with greetings 
from Max W. Sullivan, the President of the Rhode 
Island School of Design, and from William D. Fales, 
Chairman of the Textile and Clothing Division of the 
School. William S. Huber, Chairman of the Chemistry 
staff at the School and Chairman of the Southern Divi- 
sion of the NEACT, presided. 

The first speaker of the morning was Professor 
Charles H. Smiley of the Department, of Astronomy, 
Brown University. His delightful and fascinating illus- 
trated lecture, ‘““The Top of the World,” was an account 
of his trip with the U. S. Navy to make measurements 
of atmospheric refraction in the region of the North 
Pole. 

The second paper was “Dyeing Can Be Fascinat- 
ing,” by Harold B. Sturtevant of the Textile Depart- 
ment of the School of Design. Mr. Sturtevant traced 
briefly the development of textiles and the various 
methods of applying dye and emphasized especially 


346 





Rob 
tu 
Dr. < 


ution 
uary 
. un- 
neet- 

the 
> not 


tings 
hode 
‘ales, 
f the 
istry 
Divi- 


essor 
omy, 
illus- 
ount 
1ents 
Torth 


inat- 
part- 
-aced 
rious 
sially 


JUNE, 1950 


some of the problems encountered with the newer 
fabrics. During his lecture, two of his students demon- 
strated several dyeing operations. 

The Swedish smérgasbord luncheon that was served 
at twelve o’clock was a bountiful and attractive innova- 
tion. 

The afternoon session was opened with a short busi- 
ness meeting with Helen W. Crawley, NEACT Vice- 
president, presiding. 

For the Membership Committee, The Secretary pre- 
sented the following new members: 


George A. Kendrtarvich, Teacher of Chemistry, Thompson High 
School, Thompson, Connecticut 

Everett B. Dowe, Teacher of Physics, Marionapolis Academy, 
Thompson, Connecticut 

The Rev. Michael A. Leonard, 8.J., College of the Holy Cross, 
Worcester, Massachusetts 

George C. Odell, Instructor, Long Island Agricultural & Tech- 
nical Institute, Farmingdale, New York 

Mary C. Rogers, Teacher of General Science, Astronomy and 
Household Science, Rogers High School, Newport, Rhode 
Island 

Doris C. Ecklund, Science Instructor, School of Nursing, W. W. 
Backus Hospital, Bridgeport, Connecticut 

Roland E. Derby, Jr., Instructor in Chemistry, Lowell Textile 
School, Lowell, Massachusetts 

Dr. Gordan G. Evans, Instructor, Department of Chemistry, 
Tufts College, Medford, Massachusetts 

Walter L. Gerke, Chemistry and Physics Teacher, Plainville High 
School, Plainville, Connecticut 

Dr. Joseph G. Gettler, Department of Chemistry, New York 
University, University Heights, New York 

Roberta Jenkins, Chemistry Teacher, East High School, Paw- 
tucket, Rhode Island : 

Dr. John E. Leffler, Instructor, Department of Chemistry, Brown 
University, Providence, Rhode Island 

Paul W. Legge, Teacher of Chemistry and Physics, Head of Sci- 
ence Department, Maine Central Institute, Pittsfield, Maine 

Lloyd S. Nelson, Illinois Institute of Technology, Chicago, 
Illinois 

Sister Mary Alberta, R.S.M., Science Teacher, Mount Saint 
Mary’s Academy, Fall River, Massachusetts 

William A. Sweeney, Instructor in Chemistry and Biology, The 
Choate School, Wallingford, Connecticut 


For the Twelfth Summer Conference Committee, the 
Chairman, Alfred R. Lincoln, reported that a number of 
speakers had been secured and that good progress was 
being made on the developing of an attractive pro- 
gram. 

Upon motion it was voted that the thanks of this 
Association be extended to the Syllabus Committee for 
the excellent piece of work which they had done. 
(Their report appeared in the January issue of Tus 
JOURNAL.) 

Upon motion, it was voted that the Secretary be in- 
structed to express to the Rhode Island School of De- 
sign the gratitude of this Association for the very cordial 
and generous hospitality shown us. 

The speaker of the afternoon was Laurence S. Foster 
of Watertown Arsenal Laboratory who spoke on “Auto- 
radiography as a Means of Teaching Radioactivity.” 
Dr. Foster spoke briefly of his experiences at the Oak 
Ridge Institute of Nuclear Studies last summer and 
then demonstrated various ways of utilizing auto- 
radiography in elementary classes. 
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The remainder of the afternoon was spent on a con- 
ducted tour of the textile laboratories of the School of 
Design during which members were privileged to see 
some of the latest machinery that is used in spinning 
and weaving of yarns and cloth and many of the dyeing 
techniques. 


cs 255th Meeting, March 25, 1950 


The Association held the 255th meeting at the Con- 
necticut Agricultural Experiment Station, the oldest 
such station on the American Continent which is this 
year celebrating its 75th Anniversary. 

The meeting was opened at 10:15 a.m. with Ralph E. 
Keirstead presiding. There was a large attendance, 95 
members and guests signing the register. 

After cordial greetings from James G. Horsfall, the 
Director of the Experiment Station, Harry J. Fisher, 
Head of the Analytical Chemistry Division, spoke on 
“Chemical Analysis by the Measurement of Light Ab- 
sorption, Emission and Diffraction.”” His paper dealt 
particularly with the various pieces of special equip- 
ment which would be demonstrated during the tour of 
the Experiment Station which followed immediately. 
The conferees were divided into three groups so that 
everyone was easily able to see all the demonstrations. 
Interesting features presented included a study of the 
factors which control the rate of passage of fluids 
through the plant stem. This study was an excellent 
introduction to a demonstration of the methods being 
used in the research aimed toward the control of wilt, 
particularly Dutch Elm disease, since fundamentally 
this is a pathogenic condition of the fibrovascular 
bundles. Another interesting demonstration showed 
how the effects of various poisons on insects can be 
studied by the injection of measured amounts (micro- 
liter quantities) of the poisons directly into the body 
fluids of the insects. In the chemical laboratories, 
visits to the analytical department included demon- 
strations of the equipment discussed during the previous 
lecture as well as a description of the work in detecting 
violations of food and drug regulations, both State and 
Federal. Another exhibit showed techniques developed 
at the Station for removal of large quantities of water 
from biological infusions by vacuum distillation. This 
is a particularly effective piece of apparatus since it is 
inexpensive to build and speeds up concentration of 
solutions tremendously, yet without decomposing the 
solute. 

After luncheon, a short business meeting was called 
to order by President John R. Suydam. The treasurer 
reported a balance on hand as of March 15, 1950, of 
$1378.25. This balance includes $146.14, transmitted 
by the treasurer of the Eleventh Summer Conference. 
Upon motion the treasurer’s report was accepted. 

For the membership committee, the secretary re- 
ported a total membership to date of 502 members, the 
largest in the history of the Association. The names 
of the following new members were presented : 


Frank Bennett, Assistant Professor of Chemistry, Arnold College, 
Milford, Connecticut 
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Constance L. Brown, Assistant Professor of Chemistry, Uni- 
versity of Vermont, Burlington, Vermont 

T. Fenn Abbott, Teacher of Chemistry, Milton Academy, Mil- 
ton, Massachusetts 

Dr. Harold C. Harrison, Associate Professor of Chemistry, 
Rhode Island State College, Kingston, Rhode Island 


JOURNAL OF CHEMICAL EDUCATION 


Dr. Alexander P. Marion, Assistant Professor of Chemistry, 
Queens College, Flushing, New York 

Dr. Elmer R. Trumbull, Instructor in Chemistry, Tufts College, 
Medford, Mass. 

Claude W. Wagner, Instructor in Chemistry, Bradford Durfee 
Technical Institute, Fall River, Mass. 





To the Editor: 
One way to make the screen of an oscilloscope tube 
visible to a large class is to use an oil-filled television 


lens similar to the R. C. A. 205 p-1 which is 13 XK 10 
inches. The adjustable support brackets for the lens 
can be fastened to a permanent platform and the oscillo- 
scope placed behind the lens. The picture can be 
increased to three times normal size without undue dis- 
tortion. Another possible use in the classroom would 
be the magnification of relatively small demonstration 
equipment placed behind the lens and having adequate 
illumination. 


VERNON A. ZEITLER 


State TEACHERS COLLEGE 
INDIANA, PENNSYLVANIA 


To the Editor: 

In the February issue of the JouRNAL oF CHEMICAL 
EpvucaTIon is an interesting review of Warrington and 
Nicholls’ ‘‘A History of Chemistry in Canada.” In the 
review attention is directed to “the first metallurgical 
industry on the North American continent—the smelt- 
ing of bog iron ore near Trois Rivieres, Quebec, starting 
in 1736.”’ While it is probably true that the first metal- 
lurgical industry in North America was the production 
of charcoal iron, there were other furnaces on the con- 
tinent prior to 1736. An iron furnace, forge, and slitting 
mill were erected at Lynn, Massachusetts, in 1642—43, 
and antedated the Quebec furnace by almost 100 years. 
In the province of Pennsylvania there was erected the 
Colebrookdale furnace (1719-20), the Reading (or 
Redding) furnace (1720-30), and the Durham furnace 


(1726-27), all prior to 1736. References to these and 
to other metallurgical establishments erected before 
1736 may be found in “History of the Manufacture of 
Iron in All Ages,’”’ by James M. Swank (Philadelphia, 
1892), in Swank’s report on iron and steel in the 10th 
census of the U.S. (1880), in “History of Manufactures 
in the United States,’ Vol. I, by Victor 8. Clark (Car- 
negie Institution, 1929), and in other histories dealing 
with the subject. 


WyYNDHAM MILES 


THE PENNSYLVANIA STATE COLLEGE 
Mont Auto, PENNSYLVANIA 


To the Editor: 

The letter of Prof. Herbert C. Brown in the January 
issue of the JOURNAL OF CHEMICAL EDUCATION concern- 
ing the part of your recent editorial, “Don’t worry about 
your scientific reputation,’ interests me as an example 
of what the same words mean to different people. 

This sentence did not suggest to me any idea of neg- 
lect. in the experimental work, or a lack of care in 
preparing a paper for publication. I interpreted 
“Don’t worry about your scientific reputation” to 
mean that it is best not to worry after your results have 
been published, because another man has been able to 
improve your experimental work or to alter your con- 
clusions. 


LESTER F. WEEKS 


31 Winter STREET 
WATERVILLE, MAINE 
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6 TRILINEAR CHART OF NUCLEAR SPECIES 


William H. Sullivan, Scientific Director, Naval Radiological 
Defense Laboratory, San Francisco 24, California. John Wiley & 
Sons, Inc., New York, 1949. iii + 22 pp. 21 X 26.5 cm. 
$2.50. 


A GRAPHIC arrangement of all known nuclear species is pre- 
sented in which the number of neutrons of the nuclide as the 
ordinate is plotted against the atomic number of the nuclide as 
abscissa. The ordinate-abscissa angle is reduced to 60° so that 
the whole chart is recorded on a single, continuous strip. Each 
nuclear species is designated by a multicolored hexagon. The 
colors in the hexagonal field indicate whether the nuclide is 
naturally occurring or artificially produced and, if unstable, its 
type of emission. The physical constants on the chart include: 
relative natural isotopic abundance, atomic mass, nuclear spin, 
magnetic dipole moment, slow neutron cross-section, half-life, 
mode of disintegration and type of radiation, branching ratio, 
energy of radiation, and a critical estimate of the degree of cer- 
tainty of element and nucleon number assignment for each nuclear 
species; the absorption and total slow neutron cross-section for 
individual elements; and the U2* fission yield value for masses 
between 72 and 162. Provisions are made for entering new 
nuclides as they are found. 

This well designed chart should be of great value to workers in 
various nuclear fields as it presents a compact and portable com- 
pendium of the more useful nuclear properties. The chart, when 
extended in full, will serve as an excellent teaching aid, because 
such phenomena as the line of nuclear stability, the relationships 
among atomic number, number of neutrons, and mass number, 
and mirror nuclei can be vividly demonstrated. 

EDWARD GOLDBERG 

Scripps INSTITUTION OF OCEANOGRAPHY 

La Jouua, CALIFORNIA 


ELSEVIER’S ENCYCLOPEDIA OF ORGANIC CHEM- 
ISTRY. VOL. 12B, NAPHTHALENE. PART I, HYDRO- 
CARBONS AND HALOGEN COMPOUNDS. PART II, 
NITROGEN COMPOUNDS. 


F. Radt, Editor, Elsevier Publishing Company, New York-Am- 
sterdam, 1948, 1949. PartI. xxx + 366 pp. 17.5 XK 26 cm. 
Subscription price, $24. Serial price, $28. Single volume 
price, $32. Part II. xxxvi + 783 pp. 17.5 XK 26 cm. Sub- 
scription price, $48. Serial price, $56. Single volume price, 
$64. 


IN PREVIOUS reviews for THis JoURNAL (1949) and for the 
Journal of the American Chemical Society (1948), I expressed high 
praise of the first three volumes of this monumental lexicon in 
English that eventually will record the structures, properties, 
methods of formation, and reactions of the thousands of organic 
compounds of all known types. The two new volumes seem to 
me to have the same high character as the others with respect to 
organization, scholarship, scope, accuracy and quality of com- 
position and printing. In addition to these qualities, Elsevier 
has achieved a noteworthy schedule of publication: each volume 
covers the literature up to approximately five years prior to its 
appearance. Thus, the volume Naphthalene, Part II, bears the 
publication date 1949 and includes references to December 31, 
1944, As a further means of keeping the Encyclopedia up to 
date the publisher plans to bring out a loose-leaf supplement 
ten years after appearance of each main volume; the decumu- 
lated new material will thus constitute a single supplement to the 
entire work. 


The magnitude of the effort expended in the preparation of 
Elsevier is indicated by the report that the editorial staff has 
been increased from about five members at the end of the war to 
some thirty-five members and that the journals systematically, 
searched now amount to about 460. Another indication is the 
appearance in the Recueil des Travaux Chimique des Pays-Bas 
for 1947-48 of five papers by J. van Alphen of the Elsevier staff 
reporting experimental investigations of ‘Discrepancies in the 
Literature” (e. g., conflicting data for the m. p. of a-naphthyl- 
amine picrate; a supposed condensation product from camphor- 
oxime and chloral), The bold enterprise in the documentation 
of organic chemical literature derives strength from sponsorship 
by a publishing firm famed since the seventeenth century for 
advances in printing methods and for international exchange of 
knowledge in the field of natural sciences. The work is conducted 
unostentatiously in the quiet of the majestic city of Amsterdam, 

The two volumes under review are the first of a series of seven 
parts of a complete treatise on Naphthalene Compounds to com- 
prise about 4700 pages. Part I includes naphthalene (47 pages 
for the hydrocarbon proper), its many alkyl, aryl, and hydro de- 
rivatives, and derived halogen compounds; Part II includes 
nitro-, amino- and other nitrogen containing derivatives of naph- 
thalene, tetralin, decalin, and other hydrocarbons of the series. 

One useful feature of the arrangement of material is that all 
the known stereoisomeric hydro derivatives of a given naphtha- 
lene are included in the same volume as the parent aromatic 
substance. Another is the inclusion of ingeniously conceived 
charts, showing, for example, the course of the sulfonation of 
6-naphthylamine, the several methods developed for the syn- 
thesis of eudalene and of cadalene, the structures and numbering 
systems of 24 heterocyclic nuclei referred to in the section on 
naphthylamines. The inclusion of summary tables of isomers 
also appeals to me as a thoughtfully conceived and very useful 
feature. By reference to either the subject or formula index one 
can locate tables listing the structures and melting points of the 
dinitro-, diamino-, dimethyl-, dichloro-, and dibromonaphtha- 
lenes; it is interesting that all ten isomers are known in each of 
these five series. The conveniently arranged tables stimulate 
thought on the interplay of two features of structure that seem to 
determine relative melting points: -substituted naphthalenes 
invariably melt higher than the a-isomers; symmetry of struc- 
tures seems to favor high-melting character. Thus the 2,6-isomer 
usually has the highest melting point, and the 1,5- and 2,3- 
isomers are also high-melting. Another table lists 36 halogeno- 
mononitronaphthylamines; another lists 86 l-arylazonaphtha- 
lenes, each with the structural and empirical formula, melting 
point, color, mode of formation, and references. Some of the 
tables are of particular use in the identification of unknowns. 
One lists 69 additional complexes of naphthalene; another gives 
the melting points, appearance, and other properties of the a- 
naphthylurethanes of 191 alcohols and phenols. 

Another feature is the inclusion where appropriate of such 
special items as discussions of the physiological actions of 8- 
naphthylamine, commercial applications of decalin, the bond 
structure of naphthalene. An example of the type of useful new 
information to be gleaned from study of the work is the citation 
from a recent Russian publication of the condensation of tetralin 
with butadiene in the presence of sodium to 1- A*-butenyl-1,2,3,4,- 
tetrahydronaphthalene and cyclization of the substance to a 
perinaphthane derivative. 

It seems to me that the value of this excellent compendium 
could be enhanced by inclusion of more information concerning 
yields. The edtiors have been overconservative, I think, in 
limiting entries under the heading “Preparation” almost ex- 
clusively to procedures published in “‘Organic Syntheses,’ ‘‘Or- 
ganic Reactions,” or the monograph by Fierz-David and Blangey. 
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Surely the original literature contains many other reliable pro- 
cedures that have been carefully worked out, and often checked 
in more than one laboratory. I grant that a decision between 
the categories ‘‘Formation” and “Preparation” is a difficult one, 
but feel that expansion of the second category is a desirable goal. 
In any case the situation would be improved by freer citation of 
yields. As it stands, one finds no preparative procedure given 
for many fairly common compounds and is often confronted with 
a mass of references to reactions of formation with no indication 
of which ones have preparative application or proceed to an 
extent significant of directive effects or reaction mechanisms. 
If the user plans to prepare a batch of material he probably will 
want to read the papers in any case; if he seeks quick information 
for citation in a paper or book, or for solution of a problem, he 
would much prefer to have all available information about the 
yields. For example, no preparative method is indicated for 
1- or 2-phenylnaphthalene, and some twenty reactions are listed 
by which each hydrocarbon is formed with no indication of 
yields other than an occasional comment such as “in smaller 
yield,” ‘‘trace.”” How good are the other routes? Which ones 
could be considered for rapid preparation of comparison samples? 
One mode of formation of 2-phenylnaphthalene cited is by the 
action of acids on phenylethyleneglycol; actually the master 
experimentalist Zincke in 1884 reported a yield of 60-70 per cent 
of very pure hydrocarbon, and Carter and Van Loon in 1938 re- 
ported a yield of 78 per cent. The later autbors obtained 2- 
phenylnaphthalene in 80-85 per cent yield by acidolysis of the 
easily prepared a-amino-§-methoxy-§-phenylpropionic acid and 
describe this as ‘‘a satisfactory preparative method for the hydro- 
carbon.” Another entry in Elsevier states that the hydro- 
carbon was obtained from 2-( A!-cyclohexenyl)-naphthalene ‘on 
heating with’S at 240-60°’; the statement might have included 
the comment ‘(24 per cent yield from 6-bromonaphthalene),” 
for this would indicate the entire route and success of the syn- 
thesis. 

In some instances, for example, 8-nitro-l-naphthylamine, the 
citation of yields is entirely adequate, but I feel that general 
strengthening in this direction is desirable. There is both 
theoretical and practical interest in the ratio of isomers formed 
on mononitration of 1-nitronaphthalene and of tetralin; approxi- 
mate ratios are known and should be included. 1-Amino- and 
1-bromotetralin are useful intermediates whose preparation has 
been studied in several] laboratories, and preparative procedures 
and yields could properly be cited. 

This criticism is presented as a friendly suggestion for possible 
improvement of an already excellent book. 


LOUIS F, FIESER 
Harvarp UNIVERSITY 
CAMBRIDGE, MASSACHUSETTS 


% LABORATORY EXPERIMENTS IN ORGANIC CHEM- 
ISTRY 


Roger Adams, Professor of Chemistry, University of Illinois, 
Urbana, Illinois, and John R. Johnson, Professor of Chemistry, 
Cornell University, Ithaca, New York. Fourth edition. The 
Macmillan Co., New York, 1949. xiv + 525 pp. 30 figs. 10 
tables. 14 X 21cm. $3.25. 


Tue fourth edition of this well-known laboratory manual is, 
in essence, quite similar to the third edition. It contains several 
distinct improvements, not the least being its more attractive 
format. Although the adjective, elementary, has been dropped 
from the title, this revision, as before, is a manual for beginning 
students. 

Some of the more notable additions and rearrangements should 
be mentioned. The text incorporated in the first eight experi- 
ments on laboratory operations has been expanded. Two of 
the several alterations in this section of the manual are: (1) 
the determination of boiling points precedes the determination of 
melting points, (2) a short discussion of sublimation is added to 
the section on crystallization. Experiment 9 (formerly dealing 
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with reactions of the methane group) now includes simple olefins 
and benzene. The test reactions of the aldehydes are now com- 
bined in one experiment. The monosaccharides and disaccha- 
rides are considered together in Experiment 26. The preparation 
of 2,4-dinitrophenylhydrazones as derivatives of aldehydes and 
ketones is a very welcome addition. Another is the extremely 
useful, rapid procedure for acetylation of certain amines in an 
aqueous medium. 

Nine new preparative experiments have been added. Per- 
haps the most instructive are methy] n-butyl ether, a Williamson 
synthesis; stearamide, the preparation of an amide via the 
acyl chloride state; phenacetin, an important drug; tert- 
butylbenzene, an adaptation of the Friedel-Crafts reaction; 
2-methyl-2-pentanol, an aliphatic Grignard synthesis; DDT, 
an important insecticide. 

A few of the most attractive features of this manual are the 
questions at the end of each experiment, the complete, explicit 
directions, the well-balanced choice of test tube and preparative 
experiments, and the section on materials and reagents required 
for each experiment. 

The reviewer feels that the perforations in the pages of the 
book are unnecessary. Obviously, these allow convenient re- 
moval of certain pages by the student, presumably for insertion 
in a laboratory notebook. This practice seems unwise since it 
destroys, at least partially, a potential reference book and, also, 
causes the laboratory notebook to assume the character of a 
scrapbook. ‘ 

An interesting change in the text is in the spelling of the 
common verb, distill (previously, distil). The text appears to be 
free of errors, since only two minor typographical slips were 
noted. 

The reviewer ‘cannot refrain from using this opportunity to 
recommend this volume most highly. It is without a doubt one 
of the most practicable manuals for elementary courses in organic 
chemistry. 


DONALD C. GREGG 
UNIVERSITY OF VERMONT 
BuRLINGTON, VERMONT 


* STRENGTH OF PLASTICS AND GLASS 


R. N. Haward, Research Chemist, Petrocarbon, Ltd., England. 
Cleaver-Hume Press, Ltd., London, England—Interscience Pub- 
lishers, Inc., New York, 1949. viii + 245 pp. 108 diagrams. 
16 plates. 14 X 23cm. $5.50. 


Tuts book treats the mechanical properties of plastics and 
glass. It presents the facts clearly and interestingly and gives 
a good over-all view of the subject. The various theories are 
treated sketchily but with references so that the original articles 
can be consulted. The terminology is standard and the book 
should prove very useful to those seeking an orientation in the 
field of plastics and glass. 


HENRY EYRING 
University or Ura 
Sait Lake Crry, Uran 


e ELECTRON MICROSCOPY 


Ralph W. G. Wyckoff, Laboratory of Physical Biology, Experi- 
mental Biology and Medicine Institute, National Institute of Health, 
Bethesda, Maryland. Interscience Publishers, Inc., New York, 
1949. 248 pp. 202 illustrations. 16 X 24cm. $5. 


Tus attractive book will be welcomed not only by those work- 
ing in the field of electron microscopy, but also, and mainly, by 
chemists and biologists at large who wish to have a summary of 
the present state of the art and science of electron microscopy, 
with particular regard to the kinds of problems which now can be 
and are being attacked with the electron microscope. 

Four early chapters, comprising almost half of the book, are 
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devoted to the principles of electron microscopy and descriptions 
of commercially available electron microscopes, methods of ad- 
justing the electron microscope (particularly the RCA type 
E.M.U.), techniques of preparing specimens, and discussion of 
metal shadowing. The methods given are largely those’ used 
in the author’s laboratory (Laboratory of Physical Biology, Na- 
tional Institute of Health, Bethesda, Maryland), and though the 
descriptions are brief they may be expected to serve as a useful 
guide to the experimenter. 

The remaining five chapters are devoted to applications of elec- 
tron microscopy to chemical and biological problems, in par- 
ticular those of which the author has first-hand knowledge. 
These chapters deal with study of surfaces, such as those of 
metal and of human teeth; viruses, including such aspects as the 
analysis of bacteria by bacteriophage and the mechanism of repro- 
duction of viruses; macromolecules, such as sea-snail hemocy- 
anin and other protein molecules, cellulose fibrils, collagen fibers, 
and antigen-antibody flocs; the structures of macromolecular 
solids, such as single crystals formed by viruses and macromole- 
cules. These diverse lines of research are illustrated in the book 
by many beautiful electron micrographs, which taken altogether 
constitute one of the most attractive features of the book, An 
extensive bibliography, at the end of each chapter, tends to remove 
the emphasis on the work of the author’s laboratory. 


DAVID P. SHOEMAKER 
Ca.irornia INSTITUTE OF TECHNOLOGY 
PasapDENA, CALIFORNIA 


e OUTLINES OF FOOD TECHNOLOGY 


Harry W. von Loesecke, Chemist, U. S. Department of Agricul- 
ture, Washington, D. C. Second edition. Reinhold Publishing 
Corp., 330 W. 42nd St., New York, 1949. Second edition. vii 
+ 585 pp. Ql tables. Illustrated. 16 X 24 cm. $7.50. 


Ir 1s the purpose of the second edition of this book to incorpo- 


rate the advances in food technology which have been made since 
the first edition was published about 8 years ago. In the present 
edition the major categories of food products, namely, dairy, 
meat, fish, grain, fats and oil, sugar and starch, and fruit and vege- 
table products are discussed from the points of view of handling 
the raw materials, processing and preserving the foods, using 
food processing equipment and machinery, packaging and storing, 
and marketing. Thus the first chapter is devoted to the manu- 
facture of tin cans and glass jars and closures and the 14th to the 
storage and marketing of fruits and vegetables. In the main, 
the author has achieved his objective. 

The book could be improved by giving greater stress to certain 
food categories and by a better arrangement of the useful ma- 
terial it contains. For example, the author points out that dairy 
products constitute 45 per cent of the food consumed in this 
country, yet he devoted only 36 pages (48 if eggs are included) to 
this topic while approximately 185 pages are given to vegetables 
and fruits. 

An alphabetical arrangement is advantageous for encyclopedic 
coverage but in other instances it is more often a disadvantage. 
For instance, it is disconcerting to find oranges, grapefruit, 
lemons, and limes in that order together as a group under “Citrus 
fruits,” whereas blackberries (Rubus villosus) are discussed on 
page 52, loganberries (which are closely related to the blackberry 
and raspberry) on page 88, and raspberries (Rubus strigosus) on 
page 113. Most of the essential oils are discussed in Chapter XT 
on spices, relishes, essential oils, and extracts but the citrus essen- 
tial oils are treated in the citrus fruit section, Chapter II. Grapes 
are considered on page 84 and raisins on page 111. There are 
many other instances of such separation or lack of separation of 
material. 

The illustration of the grapefruit knife on page 68 consisting of 
a blade riveted between 2 wooden grips is what a food-processing 
knife should not be. Sanitary knives are those having a one- 
piece handle made of metal or plastic and having several shallow 
grooves for a comfortable grip. It should be noted on page 85 
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that Concord, Catawba, and Delaware are Vitis labrusca grapes 
not Vitis vinifera, as the heading appears to indicate. The 
bonds in some of the chemical formulas on pages 429 and 430 
are not placed properly. It would be helpful if in the next edi- 
tion related topics were treated together with cross references 
used when necessary and if other minor changes were made. 

The book is easy to read for it is well set up. Proof was read 
carefully and there are many good illustrations and references. 
This book should prove useful to those who are beginners in food 
technology and to food technologists, chemists, and chemical en- 
gineers engaged in the processing of foods. 


MORRIS B. JACOBS 
355 Braprorp Street 
Brooxtyn, New York 


ie METALLURGY FOR ENGINEERS 


E. C. Rollason, Delegate Director and Research Manager, Murex 
Welding Processes, Ltd., Waltham Cross, Hertfordshire, England. 
Edward Arnold & Co., London, 1949. Second edition. viii 
+ 339 pp. 63tables. 179 figures. 14.0 X 21.5cm. $3. 


Texts on metallurgy written expressly for engineers perform an 
important function because mechanical, chemical, and other engi- 
neers make a larger number of simple decisions involving the use 
of metals than do metallurgists. Dr. Rollason’s “Metallurgy for 
Engineers,”’ now available in a second edition, is an outstanding 
example of this type of book. The material is presented clearly 
and enlivened by numerous references to practical applications. 
The illustrations, some of which are quite original, contribute 
greatly to the value of the book. 

The introductory chapters deal with mechanical testing and the 
macro- and microexamination of metals. A brief discussion of 
mechanical properties includes mechanical behavior at high and 
low temperatures, fatigue, and brittle fracture. Visual inspec- 
tion and metallographic analysis are stressed as basic metallurgi- 
cal techniques. 

The section on solidification, equilibrium diagrams, and the 
deformation and annealing of metals is a highly condensed, simple 
treatment of many of the basic elements of physical metallurgy. 
Such topics as shrinkage, gas porosity, segregation, and internal 
stresses are described adequately. Nucleation and growth, X- 
ray diffraction, ternary diagrams, and superlattices are presented 
very briefly. The short discussion of metal-working processes 
should be valuable to nonengineers. 

The specialized part of Dr. Rollason’s book, which deals in a 
fairly detailed manner with carbon and alloy steels, cast iron, and 
nonferrous metals, comprises nearly two-thirds of the book. 
The last two chapters are devoted to metal joining and the meas- 
urement of high temperatures. 

The author of a text on metallurgy for engineers must decide 
how much space to devote to principles and how much to specific 
facts. In this dilemma Dr. Rollason has favored factual informa- 
tion over fundamentals. The wisdom of discussing ferrous be- 
fore nonferrous metals may be questioned. The arrangement of 
material in this book is unfortunate in some other respects; 
powder metallurgy for example is included in the chapter on 
alloy steels and the general subject of corrosion is discussed in 
the chapter on stainless steels. 

A book written from the standpoint of British engineering 
practice may appear to be of reduced usefulness in this country. 
It is true that mention of puddled wrought iron or crucible steel 
could be omitted for American engineers. The British specifica- 
tion standards, some trade names, and a few technical terms used 
by the author are largely unknown in the United States. Dr. 
Rollason’s book, however, is so comprehensive in its approach and 
so competently written that differences in terminology do not 
detract seriously from its value for use in this country. In fact, 
to American students of metallurgy this concise British presenta- 
tion should be especially stimulating. Others interested in 
metallurgy will not find a thorough treatment of fundamentals in 
Dr. Rollason’s book but a good account of elementary physical 
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metallurgy and of many far from elementary metallurgical 
problems arising in engineering practice. 


MICHAEL B. BEVER 
MassacHusetts INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


* COLLOID CHEMISTRY 


Harry Boyer Weiser, Professor of Chemistry, The Rice Institute. 
Second edition. John Wiley & Sons, Inc., New York, 1949. x + 
444 pp. 117 figs. 73 tables. 15 X 23cm. $5.50. 


Tue second edition of this well-known book by the author has 
not been changed essentially in form. There has been added 
important new matter, and some of the material of the first edi- 
tion has been condensed without detracting from the value of the 
work. In the new material added there is much that is related 
to the biological sciences, thus stressing the importance of the 
subject in this closely related field of science. In addition the 
value of colloid science to industry is clearly shown in the chapters 
on contact catalysis and dyeing. 

This second edition fulfills the threefold purpose of the author 
in an admirable way. Students of this book will have obtained 
a good survey of the subject and its theories. The author empha- 
sizes the fact that colloid science is a definite part of physical 
chemistry. Unfortunately there are some bad errors of proof- 
reading with some omissions in mathematical expressions that 
could cause students some trouble. The book, however, should 
find as useful a place in the American scene as did the first edition. 


L. H. REYERSON 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 


* TABLET MAKING 


Arthur Little and K. A. Mitchell. The Northern Publishing 
Co., Ltd., 37 Victoria Street, Liverpool, England, 1949. 121 pp. 
4] illustrations. 14 X 22cm. 15s. 


“TaBLET MaxkIna@” should be on the handiest shelf to every 
tablet production man and every development pharmacist. 
We all recognize that the subject tablet manufacture is a most 
difficult one to cover, and that there is no substitute for experi- 
ence in this work. Nevertheless, the authors have turned out an 
exceptionally good manual. The book is replete with examples 
of difficulties and very able suggestions on possible methods of 
correction. 

The fact that all the equipment described is of English make 
offers no difficulties. The reader will see at once that the descrip- 
tions apply equally well to most American made machines. 


CARL J. KLEMME 
Lunp & Kuemme, INpDUsTRIAL CoNnsULTANTS 
Sr. Louris, Missourr 


& DEFORMATION AND FLOW 


Markus Reiner, Professor, The Technical College, Haifa, Israel. 
H. K. Lewis and Co., Ltd., London, 1949, (Interscience). xix + 346 
pp. 94 figs. (including 23 tables). 14 X 23cm. $6.50. 


Tuts book is based on a course which the author gave in 1945 
to chemists, and not to an audience of physicists. It is far more 
elementary and less mathematical than his book, “Ten Lectures 
on Theoretical Rheology,” published in 1943. The author did 
not attempt to cover the whole field of rheology in the present 
volume, but his main interest was to cover the material of impor- 
tance to the chemist, to which he added material of interest to the 
structural or mechanical engineer. The book covers in consider- 
able detail the rheological phenomena on which strain, deforma- 
tion, and flow of matter, its viscosity, plasticity, and strength are 
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based. To this the author very cleverly added detailed discus- 
sions of structural viscosity, the phenomenon of creep, and 
dilatancy. 

For anyone really interested in rheological problems pertaining 
to matter, this book just cannot be overlooked. It certainly is 
the most comprehensive and up-to-date treatise on rheology, a 
property of matter which deserves far more attention than it has 
found so far. 

The reviewer therefore is not only very happy to be able to 
recommend ‘‘Deformation and Flow” very highly to anyone who 
has at least a basic knowledge of chemistry, colloid chemistry, and 
physics, and who would like to expand his knowledge so that it also 
covers the rheological properties of matter; but he also feels that 
the author, who dedicated this book to the memory of four rheolo- 
gists, namely, Eugene C. Bingham, Emil Hatschek, Winslow H. 
Herschel, and Elmer O. Kramer, has erected a permanent monu- 
ment to the founders of this branch of science and engineering. 


ERNST A. HAUSER 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 
Worcester Po.ytecunic INstTiTUTE 
Worcester, MASSACHUSETTS 


€ ENGINEERS’ DICTIONARY 


Louis A. Robb, Member of The American Society of Civil Engi- 
neers. John Wiley & Sons, Inc., New York, 1949. xvi + 664 pp. 
14 X 22cm. $12.50. 


More completely “bilingual” than most foreign language dic- 
tionaries; the introductory material, including title page, pref- 
ace, and list of abbreviations is in Spanish and English. 

Although it is scarcely to be expected that an engineers’ dic- 
tionary would cover chemical nomenclature very completely, 
still the coverage is better than fair. The choice is sometimes 
hard to justify, however. One finds ‘‘amino acid” and “amide,” 
but no “amine”; “aldohexose”’ but neither “ketose”’ nor “ke- 
tone” ; “peptone,” “‘protochloride,” and “nitrogen iodide,” but no 
“aldehyde.” Recent electronic and nuclear nomenclature re- 
ceives adequate attention, however. 

Many subentries are made under principal headings, a practice 
which is convenient and saves space. For instance, there are 45 
entries between “power amplification’ and “power wrench’; 
53 between “angle back-pressure valve” and “angle wrench.” 
This is an ingenious way of listing semi-idiomatic expressions. 


NORRIS W. RAKESTRAW 
Scripps INsTITUTION OF OCEANOGRAPHY 
La Jouua, CALIFORNIA 


* THE CHEMISTRY OF PENICILLIN 


Report on a collaborative investigation by American and British 
chemists under the joint sponsorship of the Office of Scientific 
Research and Development, Washington, D. C., and The Medical 
Research Council, London. Editorial Board: Hans T. Clarke, 
Columbia University; John R. Johnson, Cornell University; 
Sir Robert Robinson, Oxford University. Princeton University 
Press, Princeton, New Jersey, 1949. x + 1094 pp. Numerous 
tables and figs. 21 X 28cm. $36. 


ALTHOUGH some morphologists had long employed, for identi- 
fication purposes, the sterile ring formed about colonies of 
Penicillium notatum, it took the exigencies of a world war to 
bring about that synthesis of the arts of the bacteriologist, 
chemist, engineer, physiologist, pathologist, and clinician requisite 
for the practical realization of penicillin. Compounded in the 
present volume are those results pertinent to the chemistry of 
this effort. Herein Mother Nature acted in an exceedingly cruel 
manner toward her creature, Homo sapiens. Unattained are the 
twin objectives of an unequivocal structure for penicillin and a 
practicable commercial synthesis. Even if the favored bond 
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structure be accepted, it cannot be considered as established until 
verified by synthesis through reactions of known course from 
intermediates of known structure. Furthermore, the bond for- 
mula is not configurationally elaborated. 

The present compilation is a collection of twenty-nine chapters 
representing the scrambled, almost hysterical, efforts of perhaps 
a thousand workers in the laboratories of government, industry, 
and university in this ceuntry andin England. This is socialized 
science with a vengeance and is a far cry from Geheimrat Emil 
Fischer and his staff of eight boys. The report is a mixture of 
primary and secondary literature and will be a headache for the 
abstractors. Preferable it would have been to have released 
the results in due time and allowed them to be incorporated in the 
usual channels of the primary literature. Then a monograph 
could have been written so that “he who runs might read,” 

The student can readily note the introduction of a sense of 
stability into the early frantic efforts when Wintersteiner and co- 
workers put sodium benzylpenicillin on a crystalline basis and 
established the presence of sulfur in the molecule. From there 
on the degradative experiments readily proceeded to fruition on 
application of the proper method, in this case the reductive desul- 
furization of Bougault, Cattelain, and Chabrier. A mass of other 
data was evinced and an array of pertinent physical measure- 
ments, especially those obtained by X-ray diffraction and infra- 
red absorption, became available. The favored solution (I, 
6 - acylamino - 3,3 - dimethy] - 7 - oxo - 4 - thi - 1 - azabicyclo- 
[3.2.0 Jheptane-2-carboxylic acid) contains an acylamino side- 
chain on a bicyclic structure consisting of a 6-lactam ring fused 
to a thiazolidine ring; a formula for which no pertinent model 
substances are presently available. The linkage 1,7 is extremely 
labile and the reviewer favors the Robinson viewpoint that this 
may be the seat of prototropic tautomerism, such as is illustrated 
in II. 
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It is almost unbelievable that the powerful tool of polarimetry was 
not applied to a study of such a transformation and its possible 
variation with environmental acidity-basicity. Throughout the 
work insufficient attention was paid to the accurate establishment 
of polarimetric data. 

A unique point in the formulation and one which caused no end 
of initial confusion was the remarkable variation in the nature 
of the side chain (R in I and II) obtained by suitable alteration of 
the nutrient medium. Most of the degradative work was done 
on benzylpenicillin or penicillin-G (R=CsH;CH:—) but ten 
other penicillins are described herein, some of which may be of 
commercial importance. 

There are three asymmetric centers in I. Position 5 is uncor- 
related. Position 6 has been correlated with 1-(deztro)-alanine 
and position 2 with unnatural or (levo)-valine. But valine has 
not been correlated with the reference standards glyceraldehyde 
and serine by an unequivocal method so that the relative con- 
figuration of this center is unestablished. Characteristic‘of the 
present-day confusion in the minds of organic chemists toward 
configurational matters, is the use of the term “absolute con- 
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figuration’ on page 538. The physical chemists are better in- 
formed (page 349). 

The high cost of this book will fairly limit it to institutional 
libraries but in these archives it will bear witness that the human 
race can salvage from a destructive war effort a great enterprise— 
to make available a substance which is a new agent in the fight 
against the ravage of disease and is the forerunner of an array of 
related alleviants. 


M. L. WOLFROM 
Tue Onro State UNIVERSITY 
Cotumsvus, On10 


+ A LABORATORY BOOK OF ELEMENTARY ORGANIC 
CHEMISTRY 


Alexander Lowy, Late Professor of Organic Chemistry, and 
Wilmer E. Baldwin, Associate Professor of Organic Chemistry, 
University of Pittsburgh. Third edition. John Wiley & Sons, 
Inc., New York, 1949. xi +186 pp. 75 figs. 22 X 28.5 cm. 
$3. Spiral bound, paper cover. 


Tuis is a difficult book to review. While some sections are ex- 
cellent, just enough experiments are open to criticism to put this 
manual in the “recommended with reservations” class. The 
type of information in the introduction should be in every ele- 
mentary organic manual. Yet the reviewer feels that only an 
instructor with many years of experience could adequately use 
this manual. To prevent a prejudiced report the reviewer laid 
the manual aside for over a month, but on re-evaluation the same 
conclusion was reached. 

Unfortunately as the reviewer critically read the experiments 
he found it necessary to take issue with the writers on point after 
point. (One has the uncomfortable feeling that not sufficient 
care was put into this edition.) Examples of some of the points 
leading to criticism are: In experiment 1 the separatory funnel 
is used and no suggestions for its use offered; the instructor must 
fillin. A reference is made to experiment 7 on page 72, but this 
in turn refers to experiment e, page 68. Experiment 2 contains 
a qualitative test for halogens. The directions fail to tell the 
student to boil the solution after acidifying and before adding the 
silver nitrate; thus the test works for the specific compound 
tested, but will not be a general test for halogens in an organic 
unknown. In experiment 3 concentrated sulfuric acid is used as 
the bath for melting points! The correction formula for the 
thermometer reading is given, and a statement is made that the 
constant 0.000156 is the coefficient of expansion of mercury. 
The handbooks do not corroborate this. In fractionation no at- 
tempt is made to differentiate mol-per cent and weight-per cent. 
As one reads more experiments he finds that the experiment of 
hydroxy acids is merely an experiment on acids. The student is 
told in each case that the acid in question is a hydrozy acid. 
Even the new experiment added for this edition is open to criti- 
cism. Of the various ways of adding the reagents for the synthe- 
sis of acetaldehyde in method one, a qualitative review of rates 
of competing reactions would show that this is not the best of the 
alternatives. Comments can also be made on a few other ex- 
periments; this does not mean, however, that the majority of 
the experiments are open to criticism. 

There is a constant necessity to explain this or demonstrate 
that, requiring that even an experienced instructor be always on 
the alert. In fact the preface states: ‘‘Certain theoretical ex- 
planations, equations for reactions, and data are omitted in order 
to stimulate students to seek information from textbooks and 
handbooks (listed in the Appendix) or from the instructor.”” But 
most students must read as well as hear explanations. It is on 
constant rereading that the student learns. At this level students 
are not able to take good notes. 

Where the book is good, it is very good. It starts with an ex- 
cellent section in “(Notes to students.’”’ Here some good sound 
advice is given on observations, laboratory strategy, notes on ap- 
paratus, chemicals, etc. Before any experiments are permitted 
the student must show that he is familiar with these contents. 





354 


This is good. The range of experiments covered, 45 in all, shows 
good selection, and good arrangement with the more difficult 
experiments at the end. The really difficult experiments are 
intentionally omitted, for these would obviously be taken up in a 
more advanced course. Only a few minor changes in the experi- 
ments are made in this edition. Most preparations are accom- 
panied by qualitative tests, and quite often the student is asked 
to test his compound with litmus. This is pedagogically sound. 
The experiments on Fractional Distillation (demonstration), 
Fractional Distillation of Petroleum, Chloroform, and Destruc- 
tive Distillation of Soft Coal are unique. One very attractive 
feature is the large number of illustrations, for in addition to 
representing most apparatus common to the laboratory, many 
commercial counterparts are shown. A few flow diagrams for the 
commercial methods of making some of the compounds highlight 
the interest of the book. 

Unfortunately the reviewer cannot recommend this book to 
any but experienced teachers. One does appreciate the toil and 
effort.that goes into making a text and comes to this conclusion 
reluctantly. 


ARTHUR FURST 
Tue University or San FRANCISCO 
San Francisco, CALIFORNIA 


ty PRACTICAL ORGANIC CHEMISTRY 


J. J. Sudborough, formerly Professor of Organic Chemistry, 
Indian Institute of Science, Bangalore, and T. Campbell James, 
Emeritus Professor of Chemistry, University College of Wales, 
Aberystwyth. Blackie and Son, Ltd., London, 1949. Second 
edition. xviii + 450 pp. 99 figs. 24 tables. 12.5 X 19 cm. 
15s net. $2.12. 


Tuis work, first issued in 1909, is a laboratory companion to 
Sudborough’s edition of Bernthsen’s “Organic Chemistry.” 
According to the authors the present edition has been completely 
revised in the light of long experience. Likewise, an endeavor has 
been made to incorporate modern methods of quantitative 
analysis, new synthetic methods, and such processes of degrada- 
tion of organic compounds as are useful in the determination of 
structure. The text has been reset, the illustrations have been 
replaced or redrawn, and the whole modernized. 

A careful examination of this text and laboratory manual 
reveals the fact that it is unusually complete and comprehensive. 
Within the 450 pages are clear, definite, and adequate directions 
for the preparation or study of no less than 353 organic com- 
pounds. The book is divided into 38 chapters, each dealing 
with a major division of organic chemistry. Besides the prepa- 
ration of numerous, varied, and typical organic compounds, 
the text treats extensively of such topics as oxidation, reduc- 
tion, polymerization, condensation, cyclization, molecular re- 
arrangements, isomerization, reaction velocity, molecular weight 
determinations, and elementary organic qualitative and quan- 
titative analysis. Each chapter opens with a brief discussion of 
the basic principles involved in the experiments that follow. 
While these introductions are brief in many instances, they are 
specific and extremely helpful. 

This laboratory manual is one of the most complete and com- 
prehensive of an elementary type that is readily available. Those 
instructors using the Bernthsen and Sudborough, “Textbook of 
Organic Chemistry,” will find this to be a very convenient and 
practical companion volume. Likewise, teachers looking for a 
more comprehensive organic laboratory manual than is usually 
found in the common elementary books produced in this country 
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would do well to give this text serious consideration. If any 
fault could be found with this manual, it might be the fact that 
many directions and pieces of suggested apparatus are semi- 
antiquated in terms of American practice. This is typically 
illustrated, for instance, with the absorption trains used in the 
quantitative carbon and hydrogen determinations. 


» RALPH E. DUNBAR 
Nortu Daxora State CoLiteGEe 
Farco, Norta Dakota 


& MATERIALS ENGINEERING OF METAL PRODUCTS 


Norman E. Woldman, Consulting Metallurgical Engineer. 
Reinhold Publishing Corp., New York, 1949. v + 583 pp. 169 
figs. 149 tables. 15.5 X 23.5cm. $10. 


“Tus volume was written as a companion book to Metal Proc- 
ess Engineering, published in 1948. The latter book was con- 
cerned with the different metallurgical and mechanical processes 
for fabricating metal parts such as casting, forging, rolling, pow- 
der metallurgy, joining of metals, heat treatment, machining of 
metals, etc. 

“This volume presents the materials used in various type of 
industries and different applications in an attempt to correlate 
the metallurgy of the material with the engineering design and 
service applications. It has been written to meet the needs of 
engineering students, professional engineers, and production en- 
gineers who can use the correlated and interpreted information 
in part or as a whole with their professional work.” 

The preceding quotation from the preface of Dr. Woldman’s 
book describes it aptly and indicates clearly the field of interest he 
hopes to serve. He acknowledges his indebtedness to various 
sources for the material presented as the scope of his book is very 
broad and no one person could amass all the information which 
the author is correlating and presenting. This book makes 
available, in one volume, information on competing materials— 
as aluminum, magnesium, and stainless steels for structural serv- 
ice. In an analogous manner the materials from which gears 
may be made is discussed and the proper treatments of these 
materials are indicated. In the discussion of threaded fasteners 
design is discussed and the relationship between material and 
proper designing is emphasized. The interdependence of de- 
sign and material is stressed in several places in this book. 

‘Materials for the Electrical Industries” includes an interesting 
discussion of bimetallics and their properties. Magnetic mate- 
rials are discussed in a very understandable way and the theories 
of magnetism are presented in sufficient detail to form the neces- 
sary background. The section on Materials for Special and 
Severe Service contains a very good chapter on corrosion and an 
interesting discussion of materials for high temperature, high 
stress service. This section will be of interest to chemical engi- 
neers and to mechanical engineers dealing with power plants. 

This book presupposes a knowledge of elementary metallurgy 
and therefore is not suitable as a text for the courses offered the 
nonmetallurgical students in many of our colleges. It would be 
an excellent reference book for such courses and could be used as a 
text in a second course in such a series of courses. The price, 
$10, is going to make most instructors think twice before adopting 
it as a text. This is a very valuable reference book for a prac- 
ticing engineer who has occasion to concern himself with metal 
products. 


JOHN T. MCCORMACK 
Purpvug UNIVERSITY 
LararYettTe, INDIANA 
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Every field of activity has its perennial problems, 
and chemical education is no exception to the general 
rule. For what it may be worth, I would like to revert 
to one of these; occasionally, there is virtue in keeping 
old issues alive. This is not the first time, nor, very 
likely, the last, that the pros and cons of “specializa- 
tion’’ have been discussed in these pages. 

This issue was brought to mind by reading the Pope 
Memorial Lecture delivered a few weeks ago by our 
well-known friend and contributor Dr. John Read! 
before the Royal Society of Arts, in London. He said: 


The special point I wish to bring out in this brief survey is that 
the full value of science as a cultural influence can be obtained 
only by taking the broadest ible view of the branch of science 
that claims the attention. The mind must be encouraged to rove 
freely over it—in space, and also in time. It is only in this wa 
that science can effectively be made its own instrument of vt d 
ture, and that its intense human interest can be savoured. If 
the study of science resolves itself mainly into the apprehension of 
an endless series of facts and technical detail, it must necessarily 
exert a narrowing influence on the mind. But there is a broader 
view. The student of science should always bear in mind that 
science enbraces an ample field in space, and that it is widely 
dispersed in time. There is a geography of science; there is also 
a history of science, charged with human interest. These aspects 
of science disclose avenues leading to a wider horizon. 


The cultural influence of science in one’s education 
will not be a new thought, for every one of us has prob- 
ably had many opportunities to argue it. Nor, on the 
other hand are we unmindful of the fact that attention 
exclusively to science has its dangers. No less eminent 
a chemist than President Conant of Harvard has re- 
minded us: 

Science alone, untempered by other knowledge, can lead not to 
freedom, but to slavery. At the root of the relation between 
science and society in the postwar world must lie a proper edu- 


cational concept of the interconnection of our new scientific 
knowledge and our older humanistic studies. 


It is on this second point—specialization in science 


education—that I would dwell for a moment. The 
approach to this question necessarily involves the 
fundamental objectives of education, which we will con- 
sider only briefly. 

Extremists on one side think that a college education 
should be “‘liberal’’ and that science should ohly con- 
tribute culturally to the curriculum; its study need not 


7 Orsper, Rapa E., J. Cuem. Epuc., 26, 172 (1949). 











be merely elementary, but in any event it should be 
broad and fundamental and not technical or vocational. 
Indeed, some would argue that students should at this 
stage be concerned only with “living” and not with 
“‘making”’ a living. 

Extremists on the other side—including, unfortu- 
nately, many students—feel that life is too short to 
waste time on “frills”; one should immediately concen- 
trate on getting the necessary training for ‘the job,”’ 
in order to get ahead with it as soon as possible. 

Most of us (saying which, one then presents his own 
view) take some intermediate viewpoint. Education 
is a preparation for all the aspects of living, esthetic, 
social, and economic. So we come back to the same 
old problem: If a young man is to be a professional 
chemist what subjects should go into his curriculum. 

It is by no means certain that the answer can be found 
in a questionnaire to “the field.” Responses from 
presently engaged chemists or industrial leaders invari- 
ably reveal an impossibly long list of positive require- 
ments. It is interesting, however, that cultural or 
nonprofessional subjects are almost always empha- 
sized. Still, it seems that under such circumstances 
people are inclined to emphasize the value of those 
things in which they were themselves deficient while 
taking for granted the rest of their preparation without 
question. So, when someone makes a strong plea for 
a course in economics, say, or in séciology or psychol- 
ogy, one wonders whether he would be willing to sacri- 
fice his chemical thermodynamics for such a course, for 
example. Because this is very likely the practical 
problem before his departmental adviser. 

If we are not to adopt either of the two extremes just 
mentioned, but rather to try to reconcile them, it seems 
to me that there are two practical courses open to us. 

We can streamline our curriculum in every possible 
way, intensifying it just short of the breaking point of 
student ability, and eliminating everything that can 
safely be dispensed with. Admittedly, there is con- 
siderable subject matter in every course that is either 
out of date or is still tolerated because there was once 
enough time to pay attention to it. Some people think 
that there are whole subjects—qualitative analysis, for 
example—that are such luxuries. 
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The time in those four precious years of college must 
be conserved and put to the most effective use. There 
is no doubting the value and inspiration of a good 
teacher in history or literature, say, but it is neverthe- 
less true that such courses can be to a large extent 
mastered by independent reading and study if the 
incentive is somehow given. On the other hand, mathe- 
matics, foreign language, or advanced physical chemis- 
try cannot be learned that way, at least until a student 
is greatly matured intellectually. 

As an alternative, we can recognize the insufficiency 
of time and add more. The four-year course of higher 
education is merely a tradition, and these are the days 
in which many traditions are going by the board. 
Official reports are already stating that a chemist can- 
not be considered professionally trained in the usual 


HANS LIEB 


To BE closely associated with a great man is an un- 
doubted privilege but it also has a disadvantageous side. 


The real worth and achievements of the younger man 
are likely to be obscured by the shadow of his superior. 
Hans Lieb worked in Fritz Pregl’s laboratory for 15 
years as assistant and co-worker; he was Pregl’s right- 
hand man during the gradual development of quantita- 
tive microanalysis; he made the bulk of the innumera- 
ble preliminary trials that were necessary before the 
various procedures were brought to a satisfactory and 
reliable state. As an able and experienced manipu- 
lator, it was Lieb’s privilege and pleasant duty to 
demonstrate the Pregl techniques to the numerous visi- 
tors and learners who came to the Graz laboratory from 
all parts of the world, and he was asked to write the 
discussions of the methods for numerous important 
manuals, handbooks, etc. He made many valuable 
improvements in microchemical equipment and appa- 
ratus, and independently devised excellent methods for 
the microanalytical determination of phosphorus and 
arsenic, and a new micromethod for carbon by wet com- 
bustion. In all sincerity it may be asked: Could 
Pregl have attained his great successes without the 
devoted and capable services of Lieb, and who was bet- 
ter qualified to succeed Pregl after his death in 1930? 
Hans Lieb was born at Weiz in the Austrian province 
of Styria in 1887. His university training was obtained 
at Graz, where he received the Ph.D. in 1912. After a 
half-year as assistant to the organic chemist Roland 
Scholl at Graz, he was appointed assistant to Fritz 
Pregl, who was then head of the medicochemical depart- 
ment at: the University of Innsbruck. When Pregl, in 
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four years of college. We can probably expect this to 
become an established policy. It may even provide an 
answer to the problem of the Master’s degree, which we 
don’t seem to know what to do with. The break be- 
tween the fourth and fifth years can perhaps be made 
less abrupt and the ultimate objective merely post- 
poned one year. With the added time we can con- 
struct a more general undergraduate program with 
more satisfactory apportionment of emphasis on the 
cultural and professional objectives. 

After all, everything else is being extended. The 
average life expectancy has increased, our standard of 
living is better than ever, family and personal incomes 
have gone up—and so have taxes and the general price 
level. Why should the framework of our educational 
system remain static without expanding? 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


1913, was called to a similar post at Graz he took Lieb 
with him. The latter passed the teachers examination 
for secondary schools in 1913; from 1916 to 1922 he 
studied medicine on the side. He habilitated for ap- 
plied medical chemistry in 1921 and in 1924 ‘was pro- 
moted to professor extraordinary with the assignment 
to teach physiological chemistry. In 1931 Prof. Lieb 
succeeded Pregl as professor of medical chemistry and 
head of the medicochemical department of the Univer- 
sity of Graz, a chair which he still occupies. In the 
tradition of his revered teacher and predecessor he has 
continued to maintain the laboratory as a world- 
famous research and educational institution for organic 
microanalysis. He is a recognized expert in forensic 
chemistry, and has served on the Austrian Sanitary 
Council. He is now dean of the medical faculty for the 
third time. 

Besides his work in microanalytical chemistry, Prof. 
Lieb has worked in other fields. His numerous publica- 
tions can be divided into the following categories: 
Microchemical (16); Synthetic-organic (11); Natural 
products (10); Forensic chemistry (3); Physiological 
chemical (25); Obituaries, etc. (6); Contributions to 
Handbooks (11), some of these chapters being equiva- 
lent to separate books or monographs. His “Praktikum 
der physiologischen Chemie” (215 pp.) was published 
in 1946; his ‘‘Anleitung zur Darstellung organischer 
Praparate mit kleinen Substanzmengen”’ is in press. 

Professor Lieb is the present chairman of the Austrian 
Microchemical Society, which is sponsoring the First 
International Microchemical Congress at Graz in July, 
1950. 
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ORGANIC REACTION MECHANISMS WITH 
ALLYLIC COMPOUNDS' 


Ix acceptine this opportunity to discuss the chemi- 
cal problems encountered in the study of allylic re- 
arrangements, I wish to emphasize the fact that the 
research achievements under consideration are by no 
means the work of one person. No one appreciates 
better than I the importance of contributions made by 
numerous workers, both student and faculty, whose 
friendly cooperation has been a continuous inspiration 
and aid. 

In order that you may have some of the background 
necessary to the appreciation of the unusual nature of 
some of the reactions, it should be recalled that the 
atoms composing organic molecules are held together 
by relatively strong valence forces called chemical 
bonds. As a result, only certain more reactive groups 
in the molecule are involved in chemical reactions. 
The bulk of the molecule usually remains intact with- 
out change during these reactions. In predicting the 
course of reactions leading to the formation of new 
compounds, organic chemists have used certain well- 
established rules. One of these is “the principle of 
minimum structural change in displacement reactions.” 
This principle requires that new groups on entering a 
molecule should occupy the same structural position 
as the group which was being displaced. For example, 
in the conversion of propyl alcohol (I) into propyl 
bromide (II) the bromine atom (Br) would become 


jae: ee | oH 8 


n—G—G—d_o—Ht + HBr + H—-¢—C_-¢_Br + 1.0 
Hot a Hon nl 
(I) (IT) 


attached to the carbon atom which formerly held the 
hydroxyl group (OH). Likewise, acetate ion (III) 
would react with propyl bromide (II) to form propyl 
acetate (IV) by a displacement in which an oxygen 
H 2s 9 a 
HOO + —— ~ 
H ” H 
(IT) 





1 The annual Faculty Research Lecture at the University of 


California (Southern Section), March 27, 1947. 


WILLIAM G. YOUNG 
University of California, Los Angeles, California 


atom of the acetate ion becomes attached to the same 
carbon atom which formerly held the bromine atom, 
thus liberating a negatively charged bromide ion. 

Our interest was first attracted to the problem of 
allylic rearrangements while we were carrying out 
experiments in which this generally accepted principle 
of displacement reactions was being applied. We had 
devised a series of reactions which should have led to 
the synthesis of a pure unsaturated hydrocarbon, 
whose molecule contains four carbon atoms, as indi- 
cated below. It was intended to convert the aldehyde 
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containing the —C=O group into the allylic alcohol, 
H H H 


H—¢-G—c_G_o—H, 
tt i H 


which could be changed into the allylic bromide by 
H H H 


Hebe 
H H H 
the displacement reaction mentioned above. Then 
the bromine atom was to be replaced by hydrogen by 
the action of metallic zinc in alcohol. In view of the 
fact that this represented a simple series of well-estab- 
lished reactions we were amazed to learn that a mixture 
of three hydrocarbons (V), (VI), and (VII) was pro- 
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duced. instead of one pure substance. Compounds (V) 
and (VI) have the same relative position of the carbon— 
carbon double bond as that in the original alcohol but 
they differ from each other in the arrangement of the 
hydrogen atoms about the double bond. One has the 
cis configuration, the other trans. Compound (VII) has 
the double bond shifted one carbon atom to the right. 
It was apparent, therefore, that a rearrangement to 
form a mixture of products must have occurred during 
one of ‘the three reactions involved in the synthesis of 
the hydrocarbon. A careful study of the first step in 
the projected synthesis indicated that no rearrangement 
takes place in the conversion of, the aldehyde group, 
H H 


| | 
—C=0 to the alcohol group, —C—O—H. However, 
| 


H 


the first clue to the difficulty arose from the fact that 
various preparations of the allylic bromide possessed 
slightly different physical properties, whereas a pure 
substance should have the same properties each time 
it is prepared. The alcohol had apparently under- 
gone rearrangement to form a mixture of the primary 
bromide, (VIII), and the secondary bromide, (IX), 
which are allylic isomers of each other. 


HH 4H HBr 
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(VIII) 


Evidence of such a situation was obtained by a low- 
temperature fractional distillation of the bromide mix- 
ture at reduced pressures. Under these conditions, a 
series of fractions were isolated having different boil- 
ing ranges and possessing different refractive indices. 

Table 1 summarizes the results of the distillation. 
It will be noted that the six fractions indicate a pro- 
gressive rise in boiling point from 31° up to 48° and 





TABLE 1 
Fractionation of Allylic Bromides at 93 Mm. Pressure 


Fraction Weight, Refract 
No. g. index, 





Boiling ive 

range, °C. 23°C. 
31-34.5 9 1.4636 
36-39 31 1.4662 | 
3942.7 15 1.4689 

42 .7-46.6 24 1.4741 

46 .7-47.5 39.5 1.4793 

47 .5—48.0 25.5 1.4796 








that each change in boiling point was accompanied by a 
corresponding shift in the magnitude of the refractive 
index. This was conclusive evidence that the original 
alcohol had been converted into a mixture of bromides. 
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It was indeed fortunate for us that the work was 
interrupted at this stage by final examinations, for 
after a few days it was discovered that all six fractions 
possessed the same refractive index, namely 1.4770. 
Apparently all fractions had rearranged to an equilib- 
rium mixture. The element of surprise which ac- 
companied this unusual discovery is typical of studies 
with allylic compounds and has always proved stimu- 
lating to everyone in the program. 

Further evidence that we were dealing with a dy- 
namic equilibrium between the primary, (VIII), and 
secondary, (IX), allylic bromides was obtained from 


H H H H H H 
H— a n_¢—4_o—d_n + HOH 


Ho oud H bro 
(IX) 


(VIII) 


the slow fractional distillation of a mixture through a 
tall fractionating column at atmospheric pressure. 
Since the secondary bromide was more volatile the 
distillate leaving the boiler was very rich in this isomer 
and it became richer as the vapors reached the top of 
the column. Since the equilibrium was established 
rapidly in the boiler the more volatile secondary isomer 
was replaced as rapidly as it was removed .at the top 
of the column. In this manner a mixture containing 85 
per cent primary bromide could be converted into one 
containing 90 per cent secondary bromide by this simple 
distillation process. However, distillation at low tem- 
perature, 0°, which did not favor the rearrangement 
made it possible to separate the pure isomers. This 
is shown in the figure in which the refractive index of 
the distillate is plotted against the amount of distillate. 
Curve I was obtained from a mixture rich in primary 
bromide while Curve II was obtained from a mixture 
rich in secondary bromide. The purity of the frac- 
tions is indicated by the constant value of the refrac- 
tive index as the distillation proceeded. 

The observation of Saul Winstein that allylic 
bromides rearrange to an equilibrium mixture even at 
room temperature was the turning point of the entire 
research program because it emphasized a very im- 
portant point, namely, that allylic rearrangements 
may take place during the conversion of one com- 
pound to another by the displacement reaction (con- 
trary to the principle of least structural change), or by 
thermal rearrangement of either the starting or final 
products. Thus, if one is to study the true nature 
of the rearrangements accompanying the displace 
ment reactions he needs to work under carefully 
controlled conditions at temperatures low enough to 
avoid thermal rearrangements. From a series of such 
controlled displacement reactions studied in our labo- 
ratory we have learned when to expect rearrangements 
during displacement reactions and how to account for 
them. 

One of such studies involved the conversion of the 
primary and secondary allylic alcohols, (X) and (X1), 
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into bromides at low temperatures. Several different 
rigorously standardized methods of synthesis were 
devised for the preparation of the bromides. The pure 
secondary and primary bromides were then individually 
subjected to the conditions of these standard methods 
to be sure that thermal rearrangement of the final 
products had been avoided. Since both bromides 
could be recovered unchanged we then proceeded to 
convert the alcohols into bromides by the standard 
methods. The results of these controlled experi- 
ments are shown in Table 2. 





TABLE 2 


The Conversion of Allylic Alcohols into Bromide Mixtures 
under Controlled Conditions 





Composition of 
—Product, %— 

Pri- Second- 
mary ary Differ- 
bro- bro- ence, 
mide mide % 


86.0 re] 


Type of 
alcohol 


Primary 
Primary 
Secondary 
Secondary 
Primary 
Secondary 


Reagent 


48% hydrobromic acid 
at —15°C. 





86.0 14.0 
16.6 
17.1 
16.0 
20.7 


2.9 


8 


48% hydrobromic + 
sulfuric acid at 
—15°C. 

Saturated hydrobro- 
mie acid at 0°C. 


4.7 


Primary 
Primary 
Secondary 
Secondary 
Primary 
Secondary 
Primary 
Secondary 


4.7 


= 


Hydrogen bromide gas 
at —20°C, 

Hydrogen bromide in 
acetic acid at 0° 


7.0 


82.9 
84.0 
79.3 
79.3 
aS 
73.6 
74.1 
83.0 
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The fact that both alcohols give products containing 
both primary and secondary bromides shows that 
allylic rearrangements actually occur. These rear- 
rangements must result during the act of forming the 
bromides since the bromides themselves do not re- 
arrange under the experimental conditions used. Fur- 
thermore, it is apparent that both alcohols give mix- 
tures in which the primary bromide predominates but 
the primary alcohol gives several per cent more pri- 
mary bromide than does the secondary alcohol. 

A careful consideration of the results of many con- 
trolled experiments led us to predict that allylic com- 
pounds may react by more than one path. One of 
these paths would give a normal reaction product 
without rearrangement while the second and pre- 
dominant one would give a mixture of bromides in- 
volving rearrangement. The first path we describe 
as a Normal Bimolecular Displacement. In this case 
the bromide ion attacks the positive ions (XII) or 
(XIII) (which chemists know are produced from alco- 
hols in acid solution) displacing a molecule of water 
and producing bromides (VIII) or (IX) of the same 
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molecular structure as that of the original alcohols. 
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Secondary bromide 
(IX) 


The second path we describe as a Unimolecular 
Ionization Reaction. In this case the water molecules 











separate from the positive ions (XII) or (XIII) before 
the bromide ion has attacked them leaving a reactive 
positive ion (XIV) which because of its nature does not 
know from which alcohol it was derived. This phenom- 
enon is called resonance and the positive ion in- 
volved may react to form either the primary or the 
secondary bromide as shown below: 
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ion. Thus the primary alcohol may react with the 
positive ion (XIV) at either the primary or secondary 
carbon atoms to produce either of two ethers which for 
simplicity we shall call the primary-primary ether, 
(XV), which has two primary carbon atoms attached 
to a central oxygen atom and the primary-secondary 
ether, (XVI), which has one primary and one secondary 


The Ionic Displacement Reaction 








H H H Ht H H H 
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i tt ir ‘} xs i it ik 
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HHHH 
n—o—¢_dd_ 
wv 7 
H 
HHHH 


n—d—¢_d—d_ 
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H (XIV) r - 


+ 
(XIII) 


Thus, the simultaneous operation of both mecha- 
nisms would be expected to give different bromide mix- 
tures from the primary alcohol than from the second- 
ary alcohol. The unimolecular process would produce 
approximately the same mixture of bromides from each 
alcohol but the bimolecular process would add a small 
amount of primary bromide when the primary alcohol 
was used and a small amount of secondary bromide 
when the secondary alcohol was the starting material. 

This interpretation of the manner in which bromide 
mixtures arise immediately suggests a series of predic- 
tions which may be tested readily experimentally. 
For example, either the primary or secondary alcohol 
should react with strong acid in the absence of bromide 
ion to give 2 mixture of primary and secondary alcohols 
along with three different ethers as shown on the follow- 
ing page. 

The resonating positive ion, (XIV), formed by the 
action of the strong sulfuric acid on the allylic alcohols 
may react with any oxygen-containing molecules in the 
reaction mixture. For example, if it reeombines with a 
water molecule at the secondary carbon atom it would 
form the secondary alcohol (XI) while recombination 
at the primary carbon atom would produce the pri- 
mary alcohol, (XII), thus bringing about a partial 
rearrangement of the original alcohol. Furthermore, 


each of the alcohols thus produced may compete with 
water molecules in reacting with the resonating positive 


carbon atom attached to a central oxygen atom. Like- 
wise, the secondary alcohol may combine with th- 
positive ion at either one of two positions to produce the 
secondary-secondary ether, (XVII), or the secondary- 
primary ether, (XVI). Consequently, we should ex- 
pect to obtain readily a mixture of five organic com- 
pounds when one of the allylic alcohols is treated with a 
water solution of sulfuric acid at room temperature. 
When this experiment was carried out and the products 
were isolated we were amazed to find that a fractional 
distillation gave seven fractions, each of which pos- 
sessed constant physical properties instead of the five 
fractions which had been predicted. Table 3 shows a 
comparison of the physical properties of the original 
five compounds predicted from data recorded in the 
literature and those of the products actually isolated. 
It will be observed that fractions (1), (3), and (4) 
possessed physical properties which had not been re- 
ported previously, while no product was found at the 
boiling point of 123° which had been reported for the 
secondary-secondary ether. In spite of the fact that 
allylic compounds have given unexpected results fre- 
quently it seemed unlikely that three or four unknown 
and unexpected new compounds had been produced. 
A more likely explanation arose from the fact that 
alcohols have been known to form constant boiling 
mixtures with other organic compounds. If this were 
the case then some of the unreported fractions must be 
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TABLE 3 ties of fractions (3) and (7), respectively, showing 


Products from the Action of Acid on Allylic Alcohols 
Predicted Observed 








boiling boiling 
Frac- point, point, Refractive 
tion G: ~~. index Name of Product 
(1) es 94 1.4108 Secondary alcohol 
ao 
Secondary - secondary 
ether 
(2) 97 97 1.4108 Secondary alcohol 
(3) ae 108 1.4088 Secondary - secondary 
ether 
(4) zis 119 1.4250 Primary alcohol 
+ 
Primary-secondary ether 
(5) 122 122 1.4272 Primary alcohol 
(6) 123 oat Secondary - secondary 
ether 
(7) 133 133 1.4229 Primary - secondary ether 
(8) 152 152 1.4339 Primary-primary ether 





mixtures of one of the two allylic alcohols with one of 
the three possible ethers. A simple test of this pro- 
posal was available since both alcohols should be water 
soluble while all of the ethers should be water in- 
soluble. On examination, fractions (2) and (5) were 
found to be soluble in water; fractions:(3), (7), and (8) 
were insoluble while fractions (1) and (4) were partially 
soluble. When these latter fractions were carefully 
washed with water they assumed the physical proper- 


that the water-soluble alcohols had been separated 
from the water-insoluble ethers in these constant boil- 
ing mixtures. The water extract from fraction (1) 
yielded the pure secondary allylic alcohol on the proper 
treatment while the water extract from fraction (4) 
gave the pure primary allylic alcohol. 

Actually, the ideas formulated to explain the pro- 
duction of bromide mixtures from allylic alcohols have 
been shown to have very general application in the 
study of allylic systems. The concept of a bimolecu- 
lar displacement reaction which gives’ a normal prod- 
uct without rearrangement and an ionic reaction which 
gives a mixture of products with rearrangement will 
account satisfactorily for almost all of the hitherto un- 
correlated facts. Furthermore, it is possible by the 
proper choice of compounds and solvents to create 
conditions which will favor either the bimolecular re- 
action or the unimolecular ionic reaction independent of 
each other. Good examples of this are found in the 
work with primary and secondary allylic chlorides. 

With use of solvents such as acetone and ethyl 
alcohol, which are poor ionizing solvents, it is possible 
to prepare allylic ethyl ethers and allylic esters with 
no rearrangement as indicated by the reactions on the 
following page. 

Thus we see that the ethylate ion (XVIII) attacks the 
primary chloride to give the primary-ethyl ether (XX) 
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Normal Displacement Reaction of Allylic Chlorides under Special Conditions 


HH 4H H H 
n—¢_t—c—_or + -o-t_t_a 
ho oudn kon 


Primary chloride 


(XII) (XVIII) 
HHHHUH H H 
n—¢_d_duid_a + -0-t-4 
th ] Bf ik 
(XXII) (XVIII) 

H HHH O H 
p—¢_¢_did_a + -o-C-4_ 
tk dr s 
(XXII) (III) 


while acetate ion (III) reacts with the same chloride to 
give the corresponding primary acetate. Likewise the 
secondary chloride (XXII) gives the secondary-ethyl 
ether (XXIII) and the secondary acetate (XXI), re- 
spectively. Some results of experiments of this type 
are summarized in Table 4 where it will be seen that in 











TABLE 4 
Bimolecular Dinginenaet Reaction of Allylic Chloride 
under Nonionizing Conditions 
Composition 
of product, 
Pri- Second- 
Reagent Chloride Solvent mary ary 
Sodium Primary Ethyl 100 Primary 
ethylate alcohol ethyl ether 
Sodium Secondary Ethyl acs 100 Secondary 
ethylate alcobol ethyl ether 
Potassium Primary Acetone 100 Primary 
acetate acetate 
Potassium Secondary Acetone... 100 Secondary 
acetate acetate 





all of the experiments the reaction was clean-cut, 
yielding only the normal product as predicted. Thus we 
see that with the proper conditions it is possible to avoid 
rearrangement in the displacement reaction. 

On the other hand if we wish to promote ionization 
and the production of mixtures it is necessary to choose 
solvents and reagents which aid in the removal of 
chloride ion from the allylic chlorides. The neatest 
methods of accomplishing this involves the use of 
compounds of a heavy metal such as silver. The silver 
ion, Ag+, has a great tendency to combine with the 
chlorine atom of the allylic chloride to form an in- 
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Secondary acetate 
(XXII) 
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ee 


soluble salt and hence promote the formation of the 
positive allylic ion, XIV, which may then react with the 
solvent to form a mixture of products. Consequently, 
we allowed the primary and secondary chlorides to 
react with silver hydroxide in water or with silver ace- 
tate in acetic acid. Examples of these reactions are 
shown on the next page. 

A second but much slower method of producing the 
unimolecular ionic reaction is with the aid of a solvent 
which tends to form hydrogen bonds with the chlorine 
and thus facilitate the formation of the positive allylic 
ion. This process differs from the first only in the 
method of removing the chlorine atom. The positive 
ion reacts rapidly with the solvent at either the primary 
or secondary position to form mixtures just as it does 
when silver ion is used. 

The results of experiments in which the unimolecular 
mechanism is favored are shown in Table 5. It is ap- 





TABLE 5 
Ionic Reactions of Allylic Chlorides 


Composition of product 











- 70 
Reagent Chloride Solvent Primary Secondary 
Silver Primary Water 45.2 54.8 
hydroxide Secondary Water 33.8 66.2 
Silver acetate Primary Acetic acid 60.0 40.0 
Secondary Acetic acid 56.4 44.0 
None Secondary Water 38.0 62.0 





parent that mixtures of the primary and secondary 
allylic isomers are always formed but the composition 
of the mixture is influenced somewhat by the manner 
in which the ionization is promoted and by the nature 
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The Ionic Displacement Reaction Promoted by Silver 








H H H 
n-¢—c-$o1 + Agt OAc~ 
a \ 
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wes Ss 7 ’ HH H O48 
H —=C—C + nbd H 
i | tr i acetic tt i " " 
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HH HH + AgCl - 
tH + Ag* OAc~ Secondary acetate 


a | 
H br 
of the species which is combining with the positive 
resonating ion. For example, the secondary isomer 


predominates in water while the primary isomer pre- 
dominated in acetic acid. 


centration. Expression (2) indicates that the rate of 
the unimolecular reaction is dependent only upon the 
concentration of the allylic chloride and is independent 
of the concentration of the acetate ion. If we wish to 


The Slow Ionic Displacement Reaction Promoted by Solvent 
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It should be made clear at this point that conditions 
are not always favorable for a clean-cut reaction by 
either mechanism. For example, with the proper 
allylic chloride and solvent we find that both the bi- 
molecular and unimolecular reactions are proceeding in 
competition with each other. However, even in this 
case we are able to account for all of the experimental 
facts satisfactorily. This is done by studying the 
rate at which the allylic chloride is producing chloride 
ion. The mathematical relationships involved are 
expressed simply as follows: 


bimolecular rate = kz (RCl) (OAc~) 
unimolecular rate = k, (RCI) 


(1) 
(2) 


From expression (1) we see that the rate of the bi- 
molecular reaction under any given experimental condi- 
tions is determined by the product of the concentra- 
tions of the allylic chloride, the acetate ion, and k. 
which is the rate when both reactants have unit con- 
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know what fraction, F; of the total reaction is proceed- 
ing by the unimolecular mechanism at any given con- 
centration of acetate ion we may use’ the following ex- 
pression which is derived from expressions (1) and (2). 


ky 
ky + ke (OAc~) 


From this expression we see that the fraction of uni- 
molecular reaction increases as time goes on and the 
concentration of acetate ion decreases. By integration 
between limits indicated by the initial and final con- 
centrations of acetate ion we may determine the aver- 
age fraction of the reaction which has proceeded by the 


S knd(OAc~)/ [ki + kx(OAc)] 
JS UOAc~) 
unimolecular mechanism. Since the bimolecular mech- 


anism proceeds without rearrangement and the uni- 
molecular mechanism gives a mixture whose composi- 


instantaneous F, = 





average F, = 
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tion was determined in experiments with silver ion, 
we may now calculate the composition of the reaction 
mixture at any given time. If the reaction is stopped 
at this given time and the reaction products isolated 
and analyzed we may obtain a comparison between 
the calculated and experimental results. In a given 
experiment with the primary allylic chloride and ace- 
tate ion which had been allowed to run to 85 per cent 
completion, it was calculated that 36 per cent of the 
reaction was unimolecular and 64 per cent was bi- 
molecular. The composition of the reaction mixture 
was calculated to be 14 per cent secondary ester and 
86 per cent primary ester. Actually 12 per cent sec- 
ondary ester was obtained experimentally. This rep- 
resents excellent agreement since the accuracy of the 
experiment would not be better than +2 per cent. 

In all of the reactions discussed above the bond has 
been broken between the allylic carbon atom and the 
oxygen or halogen atom being displaced. If we con- 
sider reactions in which that bond is not broken, no 
rearrangement would be expected. For example, the 
primary allylic alcohol should react with acetic anhy- 
dride to give a primary acetate as follows: 


; Ho om 
_ tod —O—H + nebo BL ee 
h oun H H 


H H Hl OH 
| | = 
uo as i dab is 
| | 
s 2. H 


This prediction follows from previous work by others 
in which an alcohol containing a heavy oxygen atom 
was converted into an acetate. The heavy oxygen 
atom was shown to be in the acetate molecule after the 
reaction had taken place. 


H O OH OH 
| | I 14 

ROH + soi ail = ‘Gag + R-0— Si ioe 
H H H 


This indicates that oxygen-hydrogen bond is broken 
rather than the carbon-oxygen bond. 

Experiments with the primary and secondary allylic 
alcohols in this laboratory demonstrated that this pre- 
diction was correct. The primary alcohol gave only 
primary acetate and the secondary alcohol gave only 
secondary acetate. These observations immediately 
raised a serious question concerning many reports in 
the literature that. tertiary allylic alcohols produce 
only primary acetates which are completely rearranged 
products. A specific example is shown subsequently. 

Carefully controlled experiments in this laboratory 
indicated that the tertiary acetate is actually formed 
quantitatively but that the acetic acid produced in the 
reaction is capable of causing a slow rearrangement of 
the tertiary acetate into the primary acetate. — 
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Primary acetate 


In conclusion I should like to draw an analogy be- 
tween the factors which govern the operation of our 
human society and those which govern reactions of 
allylic compounds. We find that in the proper environ- 
ment in the presence of a given type of associate the 
average individual behaves in a normal manner. That 
is, he obeys the laws which have been established by 
other individuals for normal conduct in that environ- 
ment. However, in the presence of different associates 
this same average individual may be stimulated to 
behave in a decidedly abnormal and unexpected manner. 
Actually, a careful study by an experienced observer 
may reveal that in that environment most individuals 
would be expected to respond in the same way. In 
other words this so-called abnormal behavior is actu- 
ally a normal one for that new environment. Although 
I have emphasized the influence of environment, you, 
of course, recognize that certain physical and psycho- 
logical factors which govern the reactions of a given 
individual may play an important part in determining 
the behavior which he may exhibit in any given en- 
vironment. Some individuals will behave abnormally 
in any environment as a result of these factors. 

We have seen from the discussion today that the 
reactions of allylic compounds are quite comparable. 
In the proper solvent and in the presence of the given 
type of reagent allylic compounds undergo a reaction 
without rearrangement. On the other hand, in the 
presence of reagents which promote ionization, allylic 
compounds react abnormally to produce mixtures. A 
more detailed study has shown that even this so-called 
abnormal reaction is just what should be expected 
from that environment. Finally, we find that the de- 
tailed molecular structure of allylic compounds may be 
more important than the environment in determining 
the course of the reaction. In this case the compound 
may react abnormally regardless of changes made in 
the environment. 

This analogy may not be so far fetched as it might 
first appear when we realize that our responses to 
social conditions are, after all, only extremely complex 
chemical reactions which may someday be understood. 
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Ix 1815 William Prout (1785-1850) designated hydro- 
gen as the real and only building-stone of all the chemi- 
cal elements: ‘‘we may almost consider the rp@7rnud7 
of the ancients to be realized in hydrogen.’’! Most of 
the English chemists went along with this conjecture, 
whereas, J. J. Berzelius strongly opposed it on the basis 
of his own findings. To test the assumption, he care- 
fully repeated the determination of the atomic weight 
of lead and demonstrated the impossibility of “bringing 
his result into harmony with the assumed hypothesis of 
multiples of hydrogen, an hypothesis that lacking 
all theoretical foundation, originated solely from an 
empirical comparison of not appropriately accurate 
experiments.”? This brusque derogatory judgment 
by the recognized authority led the British scientists 
in 1832 to have the matter reinvestigated experimen- 
tally. They commissioned Edward Turner (1796- 
1837), a student of Stromeyer, discoverer of cadmium, 
to carry out this important task. The next year he 
reported that his results ‘‘agree very closely with those 
of Berzelius.” Consequently, it was decided that 
Prout’s assumption ‘“‘is inconsistent with the best 
analyses which chemists at present possess.’’* 

After this decision, courage of a high order was 
needed to advocate the belief in the possibility that the 
chemical elements are compound in nature. This bold 
idea was revived by Lothar Meyer, with his periodic 
system of the elements. However, the tender plant 
was placed in jeopardy, because no other than Men- 
deleeff, who independently set up the natural system at 
almost the same time as L. Meyer, denied emphatically 
that the chemical elements could be compound. 

(Julius) Lothar Meyer was born at Varel, Olden- 
burg, on August 19, 1830. His father, Heinrich 
Friedrich August Jakob Meyer, was a physician in public 
service. The baby was so weak that the baptism was 
not held until October 8, 1830. In ancient Rome the 
puny child would probably have been put to death by 
exposure.. The boy remained sickly and suffered so 
severely from headaches that after attending the public 
school he had to avoid all mental exertion. Fortu- 
nately, the understanding father put him in the care of 





‘Ann. Phil., 6, 321 (1815); 7, 111 (1816). See also S. Guas- 
STONE, J. Cue. Epuc., 24, 478 (1947); Alembic Club Reprints, 
No. 20, Edinburgh, 1932; Ipa Freunp, ‘The Study of Chemical 
Composition,’ Cambridge, 1904, p. 594 ff. 

* Berzeuivs, J. J., Jahresbericht, 11, 137 (1832). 

’ Report of the first and second meetings of the British Asso- 
ciation for the Advancement of Science, London, 1833, p. 371. 
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the palace gardener at the grand ducal summer resi- 
dence “Rastede.” In these beautiful surroundings, 
the boy picked up; after a year of outdoor work he be- 
came quite well. He was sent to the Gymnasium in 
Oldenburg and completed the course in 1851. His 
father died the year before. 

Lothar Meyer began his higher education at Zurich 
in 1851 where he entered the medical course. After 
two years he transferred to Wiirzburg, where he re- 
ceived his medical degree. The dissertation bore the 
title “On the gases of the blood.”” Fascinated by the 
chemical processes and methods of investigation to 
which his graduation thesis had introduced him, he 
went to Heidelberg to learn gasometric methods under 
the tutelage of Bunsen, the great master in this field of 
analysis. The upshot was that he left medicine in favor 
of chemistry. In 1856 he enrolled at Kénigsberg, but 
after only three months transferred to Breslau. Here 
the Ph.D. was conferred in 1858; the dissertation was 
entitled: ‘De sanguine oxydo carbonico infecto” (On 
the action of carbon monoxide on blood). He there- 
upon qualified as Privatdozent with an historical critical 
essay: “The chemical teachings of Berthollet and 
Berzelius,”’ and an habilitation lecture on “The so- 
called volumetric methods of chemistry.” 

These compositions per se were not better or worse 
than those of other men that have long since been for- 
gotten, but these early productions of Meyer are re- 
markable nonetheless because they reveal the tendency 
of his mental activity. The knowledge gleaned from 
his work with gases and his critical historical studies 
prepared him for the great achievement of getting rid 
of the intolerable condition of general vagueness that 
prevailed into the seventies concerning essential theo- 
retical questions. The chaos in chemical terminology 
was so pronounced that Erdmann, the editor of the 
Journal fiir praktische Chemie, declared: “Every paper 
must be prefixed by a key,” and Friedrich Wéhler com- 
plained: ‘The confusion can be tolerated no longer.” 

In the fall of 1859 Kekulé proposed that an inter- 
national meeting be held at Karlsruhe in an effort to 
clear away at least some of the many misunderstand- 
ings. After a protracted correspondence, conducted 
principally by Weltzien of Karlsruhe,‘ a call was sent 
out to all the prominent chemists. The invitation 
stated the main points to be discussed: ‘More precise 
definition of the concepts now designated by the terms 


‘ pe Mir1, C. P., “Chymia,” 1, 153-169 (1948). 
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atom, molecule, equivalent, atomicity, basicity, etc.; 
investigation of the true equivalent of compounds and 
their formulas; paving the way for a uniform termi- 
nology and a rational nomenclature.’’> More than 100 
chemists attended. The most active person in the 
meeting was Stanislao Cannizzaro, whose “‘Sunto di un 
corso di filosofia chimica” (Sketch of a Course of 
Theoretical Chemistry, based on Avogadro’s hypoth- 
esis, could have cleared up the matter at one stroke 
if the discussion had not been diverted to all sorts of 
topics. Though nothing definite was accomplished, 
all the participants expressed a hope that clarification 
and agreement might soon be achieved. 

At the close of the congress, copies of Cannizzaro’s 
pamphlet were distributed, and Lothar Meyer was 
especially impressed. He wrote: “I, too, received a 
copy, which I put in my pocket so that I might read it 
during my return journey. Even after I reached home, 
I read it again and again, and was astounded at the 
clear light which the little paper shed on the most im- 
portant points at issue. It was as though scales fell 
from my eyes, the doubts vanished and were replaced 
by a feeling of most peaceful security.” It was under 
the influence of this pamphlet that Meyer wrote his 
“Die modernen theorien der Chemie,” that brilliant 
exposition of the atomic and molecular theory, through 
which he brought about the revolution. The heated 
debates of the inflamed partisans then died away and the 
clarified theoretical views were generally accepted. 

In this instance, Lothar Meyer may be likened to 
Saul, who set out to seek his father’s asses and found a 
kingdom. By arranging and screening all the pro- 
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posed views, and through 
keen reflection on them, 
Meyer sought to arrive at 
a structure of ideas that 
would be free of contradic- 
tions. While thus engaged, 
he came upon hitherto 
unknown regularities, with 
whose aid divergent paris 
were welded into a balanced 
whole, but which in addition 
revealed errors and gaps. In 
the first edition of his 
“Modern Theories’—writ- 
ten in 1862, published at 
Breslau in 1864—28 ele- 
mentary materials are 
grouped in the form of six 
natural groups. There 
seemingly was nothing ex- 
traordinary about this, because as early as 1829 Dé- 
bereiner’ had set up several triads of correlated elements. 
However, in Meyer’s own opinion, his grouping con- 
tained the germ of the idea that was to make his name 
famous: hesought and found a guiding idea that offered 
him the possibility of making an appropriate arrange- 
ment of all the elementary substances. 

The new decisive principle could not possibly have 
been discovered prior to the acceptance of the atomic 
weights that are now taken as valid, because there was 
no uniformity at all in the older numbers. Therefore, 
in this respect also, because of his vigorous advocacy 
of the new values in his ““Modernen Theorien,”’ Meyer 
again must be credited with being an originator, since 
he postulated that the basis of the remarkable finding 
is that the atoms are not indivisible entities but rather 
compounds of atoms of higher order, 7. e., they them- 
selves are compound radicals. His guiding principle 
was plainly revealed in 1863 in his plan of a system. 
This plan was intended for a new edition of his book 
and the manuscript copy has been preserved.® In this 
plan, 52 elementary substances are arranged, in the order 
of their atomic weights, into rows in such fashion that the 
resulting divisions produce natural groups. Meyer did 
not publish his new theory until 1870; it appeared with 
the title ‘“‘The nature of the chemical elements as a func- 
tion of their atomic weights.’’® In this paper he dem- 
onstrated very clearly that a natural system is obtained 
if “the atomic weights of all the elements, without 
arbitrary choice, are simply arranged according to their 
magnitude in one single series, dividing these series into 








7 Pogg. Ann., 15, 301 (1829); Ostwatp’s “‘Klassiker,” No. 66, 
Leipzig, 1895. See also Pranpti, W., J. Cuem. Epuc., 27, 
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® Ann. Supplementband VII, 354-364 (1870). With one 
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sections and joining these 
to each other in unbroken 
sequence.” As the basis 
for this regularity, he con- 
jectured that the elements 
are built up of simpler con- 
stituents. He opened his 
paper with the significant 
statement: “It is very im- 
probable at present, at 
least, that the chemical 
elements which have thus 
far shown themselves to 
be undecomposable are ab- 
solutely | undecomposable 
materials. It seems much 
more likely that the atoms 
of the elements do not con- 
stitute the ultimate but only 
the intimate constituents of the molecules of the ele- 
ments as well as of the compounds, that the molecules 
are to be regarded as mass particles of the first order, 
the atoms as of the second order, which in turn consist 
of mass particles of a third higher order.” 

Meyer’s table shows directly: ‘that the properties of 
the elements for the most part are periodic functions of 
the atomic weight. The same or similar properties 
recur when the atomic weight has increased by a certain 
value, which at first is 16, then about 46, and finally 
88 to 92. This holds in all cases, no matter what ele- 
ment is taken as the starting point.” 

Meyer supplemented his table by a graphic represen- 
tation of the atomic volumes of the elements, 7. e., 
by the quotients obtained by dividing the atomic weight 
by the respective density. On this curve, the sub- 
stances showed a periodic recurring position of: fusi- 
bility and volatility, malleability and brittleness, elec- 
trochemical behavior and specific heat, so that the 
possibility is provided of utilizing these regularities, 
“to check an observed atomic weight or for ascertaining 
this value in the case of elements whose equivalent 





appended to the original paper. 
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Periodicity of Physical Properties of the Elements 


This diagram follows the plate in Meyer's “Modernen Theorien,’”’ which contains some slight additions to that 


weights are known but whose heat capacities have not 
been determined.” By this statement, Meyer directed 
attention to an immeasurably wide field of essential 
single problems, which will occupy many generations 
of chemists still to come. For years he devoted him- 
self to the tedious, self-sacrificing task of recalculating 
the atomic weight values from all of the reliable analyt- 
ical data. In addition he accomplished a large vol- 
ume of chemical work of various kinds (molecular 
volumes; solubilities; diffusion; boiling point regulari- 
ties and their relation to pressure and chemical consti- 
tution; chlorine and oxygen carriers; mass action). 
Moreover, he was an indefatigable and inspiring teacher. 

His life flowed on quietly and without dramatic 
interludes. In 1865 he left Breslau and went to teach 
at the Forestry School at Eberswalde. The same year 
he married Johanna Volkmann; the union was blessed 
with four children. The Technical Hochschule at 
Karlsruhe called him as professor of chemistry in 1868, 
and in 1876, he was appointed to the corresponding 
post at the University of Tiibingen. He taught there 
until his sudden death from a cerebral stroke on April 
11, 1895. 

Lothar Meyer was a highly intelligent person with 
fine sensibilities. He found recreation in Greek and 
Roman classics, and from them, like a bee gathering 
honey from flowers, he created for himself from this 
venerable yet ever-young philosophy and poetical 
literature a clear practical way of life and thought. 
Indicative of the clarified outlook on life held by this 
noble man are the words in a rectorate address (1894): 
“Each of us, who wishes to think clearly and have 
delicate sensibilities, knows that adherence to the 
Christian commands of neighborly love, unselfishness, 
and tolerance leads to an inner state of peace that can 
be attained in no other way or through no other con- 
duct. In the field of morals the most independent and 
self-sufficient scientist feels and thinks no differently 
than every other honorable and upright man. Perhaps 
he is more surely and clearly of this opinion because he 
appreciates that noble conduct bears its reward within 
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House Where Lothar Meyer Was Born 


On the tablet by the door is inscribed: 
Am. 19. Auguft 1830 wurde 
Lothar men 
Profeffor der Chemie 
in diefem Saufe geboren. 


Gr ift der Begriinder def periodifchen 
Svftemie der Elemente. 


itself, and consequently he needs neither hope or recom- 
pense nor fear of punishment.” 

Lothar Meyer’s chief contribution, the natural system 
of the elements, proved to be durable and useful, even 
though the atomic weight has now lost its value as a 
characteristic constant. The difficult problems that 
arose with the advance of knowledge of the atom could 
not be solved by chemistry alone. As a matter of fact, 
the chemical system of the elements was not perfected 
until physics was called upon. As early as 1869, Lecoq 
de Boisbaudran, the discover of gallium, proved that 
lines corresponding to each other are present in the 
spectra of the alkali and alkali earth metals, and that 
these shift toward the red with increasing atomic 
weight. Later, he used such homologous lines to com- 
pute, with startling accuracy, the atomic weights of 
gallium and germanium. Such series spectra were often 
the subject of careful studies that led to the discovery 
of remarkable regularities between atomic weights and 
oscillation values, and which all the more confirmed the 
belief that the atoms must be quite complex structures, 
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whose component parts are held together by incon- 
ceivably powerful forces. Every spectral line must 
indeed correspond to something in the atom. In 
1885, J. J. Balmer (1825-1897) found a simple formula 
for a group of lines of the hydrogen spectrum.” It is 
really astounding to note how close is the agreement of 
the calculated and observed values in Angstrom units 
for the wave lengths of the hydrogen lines: 


Calculated Observed 
Ha 6563 .07 6563 .07 
Hg 4861.57 4861 .32 
H, 4340.63 4340.47 
Hs 4101.90 4101.73 
H. 3889 . 20 3888 . 99 


Similar regularities in the Réntgen spectra were found 
later by H. G. J. Moseley (1882-1915). He measured 
the rise of the vibration number of corresponding lines 
in the X-ray spectra of elements that were arranged in 
order of increasing atomic weight. When he plotted 
the square root of these vibration numbers against the 
corresponding atomic weights, an approximately 
straight line was obtained. To avoid breaks in the 
graph, he found it necessary to place argon and potas- 
sium, cobalt and nickel, tellurium and iodine, in the 
order demanded by the family characterizations of the 
natural system instead of in the order of increasing 
atomic weight. Furthermore, he had to leave six 
positions vacant to provide for undiscovered elements. 
According to this regular course of the Réntgen lines, 
there is attached to every elementary substance a 
constant value, its ordinal or atomic number, which 
increases by the same amount from element to element. 
In this way, dislocations were removed from the natural 
system and the approach provided for the elucidation 
of the structure of the atoms. 

We, his successors, marvel at the fertility of Lothar 
Meyer’s great deed. His organizing and unifying idea 
became the foundation stone of the modern system of 
the natural sciences.. This idea fitted in with all the 
advances in chemistry and physics; indeed it provided 
the incentive for attempting many forward steps. His 
belief in the orderly structure of the chemical elements 
has become an irrefutable truth. 





1” Ann. Phys., 25, 20 (1885). 
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* THE HYDROLYSIS OF 1-MENTHYL FORMATE 


Tue work described in this paper was done in an effort 
to find a physical chemistry laboratory experiment 
which would illustrate the principles involved both in 
chemical kinetics and chemical equilibria and at the 
same time utilize equipment that had not been pre- 
viously used by the students. In this instance it was 
desired to employ a polarimeter. The traditional 
reaction to which this instrument is applied is the acid- 
catalyzed inversion of sucrose, for this reaction is rapid 
enough so that it goes to completion in reasonable 
laboratory time, shows a large change in rotation, and 
uses readily available chemicals. This inversion goes 
to completion, however, and neither the equilibrium 
constant nor the heat of reaction (if the experiment is 
performed at two temperatures) can be calculated 
from equilibrium measurements. The fact that it is a 
pseudo first-order reaction whose rate constants require 
little thought for calculation may, in some cases, make 
this experiment more elementary than desired. Most 
other reactions, such as the hydrolysis of methyl ace- 
tate, for which both rates and equilibria may be studied 
do not involve the use of new equipment. 

The hydrolysis of l-menthyl formate was chosen from 
the many reactions considered for it gives a large 
change in rotation, is rapid, and goes to an easily deter- 
mined equilibrium position. As described in this paper, 
it is a second-order reaction carried out in solutions of 
tert-butyl alcohol and catalyzed by hydrochloric acid. 
Though neither the rate of hydrolysis of /-menthyl 
formate nor its equilibrium constant has been deter- 
mined before, the results in this paper do not represent 
an exhaustive study of this reaction. They include a 
study of the rates at three acid concentrations at two 
temperatures, and the equilibrium positions for the 
same conditions. Acid concentrations and tempera- 
tures were chosen which give rates convenient for stu- 
dent laboratory work. It was desired to observe a 
large change in rotation, so instead of studying the 
effect of changing the initial concentration of /-menthyl 
formate, the largest concentration of ester in keeping 
with solubility relations was used. Tertiary-butyl 
alcohol was used because it was found to be the most 
suitable solvent for appreciable quantities of reactants, 
products, and catalyst. The possible complications 
arising from formation of tert-butyl formate is negli- 
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gibly small because, in the presence of water, the hy- 
drolysis of tert-butyl formate tends to be complete. 
The Matheson Co., Inc. (Paragon Fine Chemicals) has 
expressed its intention to list -menthyl formate in its 
forthcoming catalogue of organic chemicals. This 
compound has also been made in good yield at this 
school as a student preparation in organic laboratory 
by the method described below. 

The results obtained are discussed in relation to 
studies made of other ester hydrolyses and directions 
for the student laboratory experiment are given. A 
simplified rate expression for second-order reactions 
going to equilibrium is also given. 


EXPERIMENTAL 


l-Menthyl Formate. Although other methods have 
been described (1, 2) this procedure is simpler. Three 
hundred and forty grams of /-menthol, 225 grams of 
formic acid (98-100%), and 150 ml. of toluene were 
put in a 2-liter round-bottomed flask and refluxed for 
two hours on a steam bath. This mixture was then dis- 
tilled with a steam bath until the rate of distillation 
became slow. At this time the azeotrope of water and 
toluene came off at 90-95°C. Direct heat was now 
applied to remove the azeotrope of water and formic 
acid which boils at about 107°C. and the remaining 
toluene which boils at about 110°C. The temperature 
then rose fairly rapidly to about 219°C. At this point, 
the residue was transferred to a 500+ml. distilling flask 
and distilled, and the distillate boiling between 219- 
220°C. (730 mm. pressure) was retained. If desired, 
fractional distillation under reduced pressure may be 
used. Yield was 86-87 per cent, p33 = 0.9329, 
n>, = 1.4480, [a]2 = —79.1. 

tert-Butyl Alcohol. Eastman Kodak Co., white label 
#820, was used without further purification. 

Hydrochloric Acid. Concentrated reagent-grade HCl 
was mixed with distilled water to give solutions of 
approximately 1.5, 3, and 6 N. 

Polarimeter. The instrument used was a Lippich 
half-prism type with sca'e graduated in 0.25° and a 
vernier for reading to the nearest 0.01°. Water- 
jacketed polarimeter tubes, 2 decimeters long, were 
used with water circulated so that tube contents were 
maintained at 25.00 + 0.02°C. or 35.00 + 0.05°C. 
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The instrument was “zeroed” for each tube before com- 
mencing a rate experiment. 

Preliminary Preparation. Three solutions of tert- 
butyl alcohol and aqueous HCl were made by adding 
weighed amounts of the aqueous HCl solutions to 
weighed portions of tert-butyl alcohol. The ratio used 
was 1 ml. of HCl solution to 9 ml. of tert-butyl alcohol. 
After mixing, weighed portions of these solutions were 
titrated with standard NaOH solution. From these 
data the percentage by weight of tert-butyl alochol, 
water, and HCl were calculated for each solution. 
Only slightly more than 5 ml. of -menthyl formate are 
miscible with 10 ml. of these solutions, and in the rate 
experiments it is not satisfactory to use more /-menthyl 
formate than is represented by this volume ratio. 
Simple reaction flasks were made by sealing 3-cm. 
lengths of 20-mm. Pyrex tubing to the inside bottoms 
of 125-ml. Erlenmeyer flasks. 

Procedure. The rates and equilibria were deter- 
mined as described under “Student Experiment.”’ 
Densities were determined by pycnometer and all runs 
were made in duplicate. 


CALCULATIONS 


The rate expression for the acid-catalyzed reaction 
1 
l-menthyl formate + H.O = l-menthol + formic acid 

is 

oF = h(a — 2) (6 — 2) — hut? = ki(a — 2) (6 — 2) - Bat (1) 
where a = original concentration of ester, b = original 
concentration of water, x = concentration of ]-menthol 
and formic acid at time t, k; and ke are the forward and 
reverse velocity constants, and K is the equilibrium 
constant. Concentrations are expressed in mols per 
liter. Harned and Pfanstiel (3) have integrated this 
equation to give a very formidable-looking equation 
which can be and has been (4) used for the determina- 


tion of k;. However, Equation 1 can be integrated (see 
Appendix) to the much simpler form 








i 2.326 > = (x./ A) 
‘= Fab — (a+ ba.) °% ( =e ho dill 
a+b . 
where A = ab x. — 1 and z, = concentration of 
l-menthol and formic acid at equilibrium. By plotting 
log (5S) versus t, k, may be obtained from the 
slope as 
fae teas 2.326 (slope) 
ht = oab — (a + dz, " 


This method, over others, is recommended by Rose- 
veare (5) for the determination of the most correct 
values of k;. The equilibrium constant is calculated by 
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In applying these equations to a polarimetric rate 
study, certain alterations can be made in equation 2 
to permit the direct use of polarimeter readings. To do 
this one must express z and 2, in terms of the corre- 
sponding polarimeter readings, a and a,. It was found 
experimentally that -menthol and /-menthyl formate in 
aqueous tert-butyl alcohol solutions did not obey the 
common expression used for calculation of specific 
rotations, but that, instead, [a]? was given by the 
expression 


[a]? = a! oe (5) 


where P = per cent by weight of /-menthol or /-menthy] 
formate in the solution, 2 = observed rotation, 1 = 
length of tube in decimeters, W = total weight of 
solution, w = weight of l-menthol or /-menthy] formate. 
For [-menthyl formate in aqueous tert-butyl alcohol 
(9 ml. alcohol to 1 ml. water) over a range of 7.5 to 
37 per cent, [a], = —70.0 = 0.1 and [a]., = —68.5 + 
0.1. For /-menthol in the same solutions and over a 
range of 6.5 to 32 per cent, [a];, = —42.9 + 0.1 and 
[a], = —42.4 + 0.2. When the solutions were 0.2 N 
in HCl, [a], = —43.0 and [a];, = —42.6 for l-menthol, 
and these were the values used in the calculations of 
these runs. However, the effect of HCl on the rotation 
of l-menthyl formate could not be determined because 
of hydrolysis; consequently the values given above for 
aqueous alcohol solutions were used in calculations. No 
appreciable error is believed to be introduced in this 
manner. It was also shown experimentally that neither 
l-menthol nor /-menthyl formate had any effect on the 
specific rotation of the other. 

Knowing the density, d, of the equilibrium solution 
and assuming no change in density during the course 
of the reaction, one may express the moles-per-liter 
concentrations in terms of the weighed quantities and 
observed rotations, 7. e., 





wy @ 1000 " 
"39 (6) 
Wy 4 1000 7 
ae 7) 


= (lwp [a],/W) = 
* = (1710004) (M; [aly — My [el y) 





(8) 


where M is the mole weight and the subscripts F, M, 
and W refer to |-menthy] formate, /-menthol, and water, 
respectively. For a 2-decimeter tube at 25°C., and 
using the absolute values of rotations, 

(140w,/W)-a Boa 


sider | auumodane (9) 





x, is calculated from Equation 9 using a,. Equation 2 


is transformed by Equation 9 into 


2.326 ae 
+= Fab — (a + dm) 8 ¢ we =) (A) (10) 


ae z,—-landD=B-— 


aand bare calculated by Equations 6 and 7. 
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RESULTS 
Observed changes in rotation varied from 14° to 16° 
depending on the temperature and acid concentration. 





Some typical plots of log (? _ *) versus time are 

a ae 
shown in Figures 1 and 2. The velocity constants 
were calculated from these plots by Equation 3, and the 
equilibrium constants by Equation 4. These constants, 
together with equilibrium densities, are tabulated in 

















Table 1. The dependence of these constants on the 
TABLE 1 
A. Data for Hydrolysis at 25°C. 
Acid 
concen- Density, 
tration, d, of Rate Equilibrium 
moles equilibrium constant, constant, 
per liter solution ky K 
"0.0959 0.854 4.18 X 10-4 0.828 
0.0960 0.854 4.22 X 10-4 0.810 
Av. 0.0960 0.854 4.20 x 10-* 0.819 
0.1942 0.857 8.65 X 10-4 0.757 
0.1942 0.857 8.75 X 10-4 0.778 
Av. 0.1942 0.857 8.70 X 10-4 0.768 
0.3720 0.860 1.81 X 10-3 0.625 
0.3665 0.860 1.77 X 10-3 0.635 
Av. 0.3692 0.860 1.79 X 10-8 0.630 
B. Data for Hydrolysis at 35°C. 
0.0949 0.845 9.95 X 10-4 0.823 
0.0949 0.845 9.55 X 10-4 0.749 
Av. 0.0949 0.845 9.75 X 10-4 0.786 
0.1910 0.847 2.01 X 10-3 0.719 
0.1913 0.847 2.02 X 107% 0.694 
Av. 0.1912 0.847 2.01 X 10-3 0.706 
0.3675 0.851 3.94 X 10-3 0.635 
0.3675 0.850 3.97 X 10-8 0.584 
Av. 0.3675 0.851 3.96 X 10-* 0.609 





stoichiometric acid concentration is shown in Figure 3. 
It will be noticed that the initial velocity of this reaction, 
under the conditions studied, is slower than the velocity 
of the major portion of the reaction. The straight-line 
plots of Figures 1 and 2 indicate that, except in the 
initial stage, the reaction is clearly second order. For 
the range of acid concentration studied, the velocity 
constants are given by the analytical expressions 


kes = 5.06 X 10-?C — 1 X 10-4 (11) 
kas = 1.08 X 10-7 C — 3.8 XK 10 (12) 

where C = HCl concentration in moles per liter. 
The equilibrium constants are sensitive to slight 
errors in the equilibrium polarimeter measurements and 


may show considerable variation under identical experi- 
mental conditions. This is evidently true of other 


methods also, for Griffith and Lewis show such varia- 
tions as 4.55 + 0.25 for methyl acetate equilibrium 
constants and Harned and Pfanstiel such variations as 
3.74 + 0.27 for ethyl acetate. 

By substitution of results obtained from Equations 
11 and 12 in the integrated form of the Arrhenius equa- 
tion 
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Determination of Velocity Constants 
O = 0.3692 N HCl, @ = 0.1942 N HCl, and © = 0.0960 N HCl. 





Figure 1. 


ky _ AH*(T; — Ti) 

log 5, = — 23RTT: (13) 

one can determine the energy of activation as a function 

of acid concentration. This varies from 21,600 calories 

per mol in 0.05 N HCl to 14,600 calories per mol in 
0.4 N HCl. 

By substitution of the equilibrium constant values 
shown in Table 1 in the integrated form of the van’t 
Hoff equation 

Ke i, AH(T2 — 71) 
log kK, ~~ 23RTiTs (14) 
one can determine the heat of reaction as a function of 
acid concentration. The heat of reaction is 1400 
calories per mole over the range of acid concentration 


studied. 
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O = 0.3675 N HCi, @ = 0.1912 N HCl, and © = 0.0949 N HCI. 
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Upper curves show dependence of equilibrium constant, K, on acid con- 
centration. Lower curves show dependence of rate constants, ki, on acid 
concentration. O = 25°C. and @ = 35°C. 


DISCUSSION 


The results for the acid-catalyzed hydrolysis of [- 
menthyl formate are pretty much in keeping with those 
for other esters. There are, however, certain points 
worthy of comment. Except for the data of Friedman 
and Elmore (4) for methyl acetate, there seem to be no 
published data which indicate that the initial rate is 
slower than that for the remainder of the reaction. 
These authors do not discuss this point or mention that 
their data show this, but since they too were studying 
hydrolysis under second-order conditions, it may be that 
this phenomenon is associated with low water-ester 
ratios. 

It seems a little surprising that the velocity constants 
are a linear function of the stoichiometric concentration 
of HCl rather than the activity of the HCl. The data 
of Schreiner (6) and of Harned and Pfanstiel (3) for 
ethyl acetate show that the values of ratios of the 
velocity constants to acid concentrations decrease with 
increasing acid concentration, pass through a minimum 
and rise sharply at acid concentrations above one 
normal. However, their data also show that these 
values are essentially constant over the range of acid 
concentration of about 0.03 to 0.1 M in one case and 
0.05 to 0.5 in another case. Over a limited range of 
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acid concentration, the velocity constant has a linear 
dependence on the stoichiometric acid concentration. 

For ethyl acetate (7) the equilibrium constant is 
independent of the acid concentration until the ratio 
of water concentration to HCl concentration becomes 
small. When the ratio is 6.24, the apparent equilib- 
rium constant is 6.35; when 5.75 the constant is 7.17: 
and when it is 4.61 it is 8.83. The normal value, with 
a large excess of water (water-acid ratio of about 380), 
is about 4.4. The water-acid ratio used with /-menthy] 
formate varies from about 9 in the more concentrated 
to about 35 in the more dilute solutions. This decrease 
in equilibrium constant with increasing HCl concentra- 
tion at low water-acid ratios has been ascribed by 
Jones and Lapworth (7) to a decrease in the activity 
of the water by HCl, the decrease being greater the 
greater the relative amount of HCl present. 

No data were obtained for /-menthy] formate to check 
the observations made by others (3, 8) that, for a given 
concentration of catalyzing HCl, the velocity constants 
increase with the initial concentration of the ester. 
This may be explained in terms of the generally accepted 
mechanism for acid-catalyzed ester hydrolysis (9), 


O 
XCO.R + HA @X—C + A- 
‘, 
O*R 
H 
H 
O O----H 
@ ‘a 
x—-C See SUS aera Ser ee 
OTR *OR 
H H 


The rate-determining step is considered to be the de- 
composition of the ester-water-proton complex. If this 
is true, then it is evident that as the concentration of 
ester is increased relative to that of water, the equilib- 
rium shifts to give a higher concentration of the complex 
and the reaction proceeds more rapidly than would be 
expected from collison frequency alone. 


STUDENT EXPERIMENT 


[These directions assume that the student will be 
provided with a tert-butyl aleohol-water—HCl solution 
whose weight composition is known, and reaction flasks 
of the type described (see Experimental). The acid 
concentration most appropriate for a given laboratory 
schedule may be ascertained from Table 1 or Figures 
1 and 2.. This reaction could probably be run under 
first-order conditions by greatly reducing the ester 
concentration. If this is done, however, it will be at 
the expense of precision of measurement for the total 
change in rotation will also be greatly reduced. ] 

Turn on the sodium vapor lamp. Circulate 25°C. 
water and 35°C. water through the jackets of two clean, 
dry polarimeter tubes. Be sure that windows are on 
firmly and will not leak. Accurately weigh a clean, dry 
reaction flask, with rubber stopper. Carefully pipet 5 
ml. l-menthyl formate into the center section of the re- 
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action flask, stopper, and reweigh. Pipet 10 ml. of the 
tert-butyl alecohol-water—HCl solution into the outer 
section of the reaction flask, stopper, and reweigh. 
Clamp the reaction flask, being careful not to mix re- 
actants, in the 25°C. constant-temperature bath. 
Similarly prepare another flask for the 35°C. bath. 
While the samples are coming to temperature equilib- 
rium, observe and record the “zero point” polarimeter 
readings for each empty polarimeter tube, reading to the 
nearest 0.01°. Whenever possible, polarimeter read- 
ings should be checked by making several independent 
observations with the fine adjustment. Remove the 
flask from the 25°C. bath, wipe the outside, shake the 
contents vigorously, and record the time of mixing. 
Immediately transfer the contents to a polarimeter tube 
and fill the tube until the liquid level is just below the 
constricted portion of the neck of the tube. Be sure 
that all air bubbles are removed from the light path and 
insert a rubber stopper in the constricted portion of the 
neck. Take a polarimeter reading as soon as conven- 
ient and then every 10 or 15 minutes, recording the time 
of each measurement. The time intervals may be ex- 
tended to periods of one-half hour to an hour as the reac- 
tion slows down. After the 25°C. reaction is under way, 
start the 35°C. reaction in the same way described for 
25°C. Makea careful determination of the equilibrium 
polarimeter readings. Equilibrium is indicated when 
there is no further change in polarimeter reading over a 
period of two or three hours, or by allowing the reaction 
to stand overnight. Insert a calibrated thermometer 
(with a small bulb) into the solutions in order to ascer- 
tain the true temperatures of the solutions. Determine 
the density of each equilibrium solution for the tempera- 
ture at which the rate was determined, by pycnometer 
or Westphal balance. 

From the original weights of reactants used, the com- 
position of the tert-butyl aleohol-water-HCl solution, 
equilibrium polarimeter, and density measurements, 
calculate (in moles per liter) the original concentration 
of -menthyl formate and water and the equilibrium con- 
centrations of /-menthol, formic acid, ester, and water. 
For this purpose, Equations 6, 7, and 8 or 9 may be used. 
For l-menthyl formate[a]?, = —70.0and[a]?, = —68.5; 
for -menthol, [a]?, = —43.0 and [a]? = —42.6. For 
all equations and calculations involving optical rota- 
tions, it will be simpler to use the absolute values rather 
than the true nesative values of rotation. This is 
permissible since all calculations involve only the ratios 
of rotation differences. Calculate the equilibrium con- 
stants for each temperature. Using the van’t Hoff 
equation, calculate the heat of reaction. 

For each temperature, plot log (P= =) versus time 

e 
and draw the best straight line through the experimental 
points. D is a constant for a given reaction mixture 


(see equation 10) and @ and a, are the optical rotations 
at time ¢ and equilibrium, respectively. For this log 
plot, if the “zero point” polarimeter correction‘ is ap- 
plied to the constant D, it is unnecessary to correct the 
observed values of a. 


From the slopes of these plots, 
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calculate the rate constants for each temperature. 
Using these rate constants, calculate the energy of 
activation for this reaction at the acid concentration 
used. Calculate the acid concentrations used. It will 
be noted that the acid concentrations are not identical 
at the two temperatures because of the change in den- 
sity; this makes no appreciable error in the activation 
energy. 
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APPENDIX 
Integration of Equation 1 to simplified form. 
Use Equation 4 to transform Equation 1 into 


ki(a — reXb — 2-)x? 
oe 


@ = ki(a — 2b — 2) - 


Expand the right-hand side of Equation (i), collect 
terms and simplify to 


dz _ [ki(a + b)a, — ky abjx* — ki(a + b)x.%x + kiabz,? 


(i) 








Xe? (ii) 
let kab = m; k,(a + b) x, = n. 

dx - 2— rel + ? eee 

a a (n — m)x aa mx, (iii) 


2.3 Xe 


ze f Be gues ee 
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On elimination of m and n and after simplifying, this 
integral becomes 
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(v) 
C is evaluated by boundary condition of z = 0 when 





If A = (*3*). —1, then Equation (v) becomes 
eae ( 
~ ky[2ab — (a + b)z. 





t— Le 


log (= = /A)) (A) (vi) 
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valuable contributions, and 
financial stability are all 
important factors. A large 
concern, such as the General 
Electric Company, is a good 
example. 


CHEMISTRY IN THE 
ELECTRICAL INDUSTRY 


But where does the chem- 
ist or chemical engineer fit 
into such an organization? 
There are many answers to 
this question. For instance, 
let’s take a piece of elec- 
trical equipment apart— 
say, a power transformer. 

Power transformers are 
commonly used in connec- 
tion with the production and 
distribution of electricity, 
and General Electric manu- 
factures a large number and 
variety of them, ranging in 
price from approximately 
$2,000 to $400,000. When 
we take one apart, what do 
we have? A veritable store- 
house of specialized chem- 
icals and metals confronts 
us. There are transformer 
oils which serve as insula- 
tion and as cooling media. 





Wruere do you want to spend your career? This 
question faces every promising young technical man. 
Do you want a large, diversified organization or a small 
specialized one? Much could be said in favor of either 
selection, but in this paper we will discuss some of the 
factors involved in becoming associated with a large 
company. The variety of activity which creates op- 
portunity for advancement and the ability to select 
one’s own type of work, the facilities necessary to make 


Some contain hydrocarbon 

oils—highly refined and 
processed; others use noninflammable oils such as 
Pyranol.! We also have solid insulations of all types 
—resin coatings for the electrical conductors, resin- 
impregnated paper wound around lead conductors, 
laminated paper-resin tubes separating primary and 
secondary coils. Specially developed finishes enable the 





1 General Electric’s trademark for certain materials used as 
liquid dielectrics in transformers and capacitors. See Ciark, 
F. M., Chem. Eng. News, 25, 2976 (1947). 
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transformers to withstand all sorts of weather and ex- 
posure conditions, while carefully selected materials 
serve as gaskets to prevent oil leakage. The list could 
well fill this entire paper, and it is growing all the time. 

Or we could have chosen a household refrigerator as 
our example. The enamel finish and the plastic lami- 
nated doors immediately come to mind. The extruded 
or molded plastic breaker strips along the inner edges of 
the cabinet and the special rubber door gasket are also 
present. The oil-filled, hermetically-sealed mechanism 
contains solid slot insulators, and each strand of wire is 
coated with a high-polymer enamel. 

We covld go on with electric motors, generators, 
clocks, radios, television receivers, washing machines— 
an almost interminable list. In each case we see the 
need for chemists and chemical engineers to develop 
these varied materials. Specifications are rigid and new 
requirements are constantly cropping up. Most of the 
time no available products will fill the bill; so we have 
to create new types of molecules and modify existing 
compounds to meet our needs. 

After these materials are made in the laboratory, the 
problem of manufacturing them in commercial quanti- 
ties immediately appears. This means pilot plant proj- 
ects and plant design and operation. 

But the problems aren’t licked yet. New wire coat- 
ings, new gasket material, new transformer oils, new 
washing-machine finishes all present new problems in 
application. Does the new oil, which is so noninflam- 
mable, dissolve too much of some of the other insula- 
tion? Does the new wire coating, which has such high 
are-resistance, form bubbles on the surface? Does the 
washing-machine finish, which is so highly resistant to 
detergents stick well to the steel or under-coating? 
These and many other problems must be solved before 
a new material appears as part of a finished product. 

How are we organized to cope with these vast and 
ever-changing problems? Let’s start at the beginning 
with basic, fundamental research—the effort to find new 
facts and ideas and formulate them into general prin- 
ciples. Out of these efforts, which are not primarily 
directed toward existing product lines of G-E, we hope 
to obtain formerly unknown compounds as well as 
basically new knowledge which will allow us to estab- 
lish new uses for existing materials. The center of this 
work is the General Electric Research Laboratory at the 
Knolls, near Schenectady, New York. However, many 
of the other laboratories of the Company also engage 
in basic research. The importance attached to chem- 
ical work is clearly shown here, since the Chemistry 
Division is the largest in the Research Laboratory. 

General Electric has just completed a new site for its 
Research Laboratory. The buildings are among the 
most scientifically designed in the country. No effort 
was spared to make them perfectly conducive toward 
research activities; no consideration was overlooked. 
Flexibility, arrangement of sections, centrally-located, 
well-equipped shops, and all sorts of safety features are 
parts of the design. An extensive library brings in- 
formation to the researchers’ fingertips. Facilities of 
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all types are available in every room of the laboratory. 
Furthermore, specialized buildings: are available for 
various types of work—the Chemical Pilot Plant 
Building, the Low Temperature Laboratory, the Fluid 
Flow Laboratory, and others. 

While the Research Laboratory is a large organiza- 
tion devoted primarily to basic research, most of the ° 
General Electric laboratories are concerned with de- 
velopment and application work. The Transformer 
and Allied Products Laboratory in Pittsfield, Massa- 
chusetts, the Thompson Laboratory in Lynn, Massa- 
chusetts, the Schenectady Works Laboratory are a few 
examples. Chemical development is also carried on in 
Erie and Philadelphia, in Cleveland, Fort Wayne, 
Indiana, West Lynn, Massachusetts, and Bridgeport, 
Connecticut. Almost every G-E plant of any size has 
its laboratory which engages in developing new chemical 
products and seeking better ways to apply existing ma- 
terials to the particular products they manufacture. 


CHEMICAL MANUFACTURE 


But laboratories are only part of the picture, for G-E 
is a large producer of chemical products. This produc- 
tion is centered in the Chemical Department and the 
Nucleonics Department, although many of the other 
Departments of the Company boast their own chemical 
plants. 

The Chemical Department is a large-scale producer 
of industrial chemicals. While it originally stemmed 
from the needs of the electrical industry, it has now 
branched out so far that it serves all types of industries. 
Its products may be classified into three groups—indus- 
trial chemicals, molded plastic parts, and laminated 
plastic materials. 

The silicones—organic silicon polymers—are fast be- 
coming a major chemical industry. The alkyd resins— 
used for paints, varnishes, adhesives, and insulation form 
another large part of General Electric’s chemical pro- 
duction. Our phenolic resin plant is one of the largest in 


Special-Purpose Rubber Is Extruded through a Screen during One 
Stage of the Mixing Cycle 





In This Modern Chemical Plant, G-E Produces Silicone Products for an Ever-Increasing Number of Appli- 


cations 


the world and our protective finishes—paints, varnishes, 
enamels, lacquers—are supplied to all types of con- 
sumers. The permafils, which are made from vinyl and 
allyl monomers and special alkyd resins are liquid ma- 
terials which solidify on heating. We make them in 
large quantities for the aircraft, automobile, electrical, 
metal casting, laminating, and other industries. While 
this is necessarily only a partial list, new developments 
are constantly enlarging our scope. The New Products 
Development Laboratory in Pittsfield, the Research 
Laboratory, and other of the company’s laboratories, 
are constantly bringing out new materials which, after 
going through the pilot plant and semiproduction 
stages, keep the list growing. 

General Electric operates one of the world’s largest 
chemical plants, the Hanford Works, for the Atomic 
Energy Commission. This plant, located at Richland, 
Washington, produces plutonium and other fissionable 
materials. Here, large numbers of chemists and chem- 
ical engineers work with physicists, mechanical and 
electrical engineers, as well as scientists in many other 
fields. Their work ranges from basic research, to large- 
scale production and includes all the steps in between. 
Since safety is a prime consideration, a large corps of 
technical men are engaged in that activity alone. 

While the production of fissionable materials is a 
major effort, General Electric is also vitally concerned 
with their use to produce power for industry and the 
public. We therefore also operate the Knolls Atomic 
Power Laboratory, whose primary purpose is to design 
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and build atomic power 
units. This ever-growing 
operation, under the direc- 
tion of the Research Labo- 
ratory is already a large one. 
Here, again, chemists and 
chemical engineers partici- 
pate. For those who are 
fascinated by radically new 
methods and materials, no 
better place could be found 
than our Atomic Powe 
Laboratory. 


EXPERT ASSOCIATES 


Because of the great va- 
riety of activitiesin which the 
General Electric Company 
is interested, we maintain a 
large staff of experts in 
almost every branch of the 
physical sciences who help 
one utilize related fields in 
solving his problems. In- 
stead of having to consult 
voluminous’ reports, or 
engage in time-consuming 
library research, one has 
but to reach for the nearest 
phone to obtain first-hand information about almost 
any subject from an expert. For example, you might 
be preparing laminated plastics materials primarily for 
decorative purposes and discover that the material has 
very desirable electrical insulation properties. Rather 
than discard the information because of insufficient 
time or knowledge, you have merely to call on one of 
your associates, perhaps just down the hall, to obtain 
expert electrical or mechanical information which will 
enable you to determine, on the spot, whether further 
investigation is warranted. 

Over and over in General Electric we have seen new 
materials emerge from the company’s laboratories. 
Careful study of their properties by experts in many 
fields, have enabled us radically to redesign all sorts of 
equipment and come up with new products for our in- 
dustrial and consumer markets. Invariably, these new 
products call for the development of other materials so 
that they can be steadily improved. And so the cycle 
is started again. 


ADVANCEMENT 


This tremendous variety of activity presents an ideal 
opportunity for advancement, for General Electric is an 
organization built from within. This is one of the 
basic business principles of our company, and carrying 
it out requires us to watch each individual. We cannot 
afford to lose track of even one, for our principal asset 
and salable product is scientific and engineering thinking. 

How do we achieve this goal, when so many technical 
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people are involved? The job is not a simple one; it re- 
quires careful planning. But the principle is straight- 
forward—the progress of every man is carefully evalu- 
atesl by his supervisor, who at frequent and regular in- 
tervals seeks the counsel of several of the man’s asso- 
ciates and that of anyone else who can contribute to the 
over-all evaluation. These studies form the basis for 
reports which give us a constant evaluation of our 
technical manpower. Whenever.a new job is to be done 
or a@ vacant position to be filled, men whose interests 
and abilities qualify them are considered. In this way 
the opportunities for advancement are never-ending. 
' Take, for example, a man who is working with a 
group on insulation problems in connection with large 
electric motors in the Thompson Laboratory in Lynn, 
Massachusetts. One of the developments of this group 
shows promise for use in circuit breakers—in fact, it 
might enable the electrical engineer to redesign one of 
our products. The chemist or chemical engineer in- 
volved may then be called upon to head a new group in 
the Switchgear Divisions Laboratory in Philadelphia 
to study the possibilities and develop new products 
along the same lines. Frequently such work leads to a 
new class of materials which finds wide application 
throughout industry. Should this be the case here, the 
Chemical Department would be interested in studying 
it for large-scale production. Our man might then head 
a special unit to evaluate commercial production, and 
finally to develop methods for such production. 

In the example above, a man followed a new idea 
from its conception through the application and pro- 
duction stages. At any point along the line he might 





have branched out and developed his career in the 
direction of one of the fields he entered. For instance, 
if he shows definite talent in devising new methods for 
the application of chemical products to industrial 
equipment, or in leading others in such efforts, he 



























New and Better Insulation Coatings for Wire Pr t a Constant 
Challenge to Chemists and Engineers 











Control Adjusting during the Preparation of Glyptal Resins 


might stay in that field. He would then concern him- 
self with developing and evaluating new materials for 
specific uses. On the other hand, his talent for de- 
veloping the processes for the manufacture of new chem- 
icals might lead him to stay in that field of work. The 
possibilities are manifold in an organization which 
buys, develops, applies, and manufactures a tremendous 
quantity of chemical materials each year. Further- 
more, never-ending opportunities for advancement and 
greater financial remuneration exist for men who are 
outstanding as either individual workers or leaders of 
others. 

Recently, for instance, one of our chemists in the 
Transformer and Allied Products Laboratory in Pitts- 
field, Massachusetts, whom we can call Ralph Rob- 
bins, was offered the choice of taking over the group he 
was working with or heading a larger section in the 
Locomotive and Car Equipment Laboratory in Erie, 
Pennsylvania. He chose to accept the latter. What 
has been this man’s history with General Electric? 

He joined G-E in 1941, after graduation from college, 
as a member of one of our laboratories devoted to the 
development of new chemical products. Here he spent 
one year in studying patent applications the laboratory 
was making in connection with the many resins it was 
working on—a liberal and practical education in high- 
polymer theory and applications. For the next two 
years he worked on the development of specialized 
synthetic rubber for electrical applications in connec- 
tion with a government project being handled by G-E. 


G-ER h Ch 





In this work he developed several resins which could be 
used in place of synthetic rubber, and he came to have 
such knowledge in this field that the government “‘bor- 
rowed” him for a year for work on the Manhattan Proj- 
ect. After his return to G-E in 1945 Ralph spent about 
two years on the development of high-temperature in- 
sulation resins derived from the same raw materials as 
synthetic rubbers. 

Now it happens in every progressive industry that 
technological and economic developments require the 
reduction of activity in some fields and expansion in 
others. In early 1948 the laboratory in which he was 
working found that it had to limit its work along the 
lines in which Ralph had been engaged. A small con- 
cern, in such a case, might have had to lose this valuable 
man, but we had other activities which badly needed 
such talent as his. He was therefore transferred to the 
Transformer and Allied Products Laboratory. 

As one can note, most of Ralph’s work up until this 
time had been research and development work, with 
little emphasis on application of his results. In his new 
assignment he had the opportunity to round out his 
background, for he worked on the application of new 
liquid dielectrics to transformers and capacitors. With 
this addition to his background, Mr. Robbins was per- 
fectly prepared for the opening which appeared in the 
Locomotive and Car Equipment Laboratory in Erie. 
In his new assignment he will lead a section whose chief 
problems deal with the development and application 
of high-temperature insulations for electric locomotive 
components. Ralph Robbins has a. bright future, and 
he is typical of the many technical leaders who are mak- 
ing for continuing progress in American industry. 


ists Keep the List of Chemical Products Growing 
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TRAINING 


Since the abilities and 
backgrounds of its techni- 
cal staff are of vital impor- 
tance to an organization 
such as General Electric, a 
great deal of effort goes into 
training new technical per- 
sonnel. For the field of 
basic research, the graduate 
curriculum is admirably 
suited to impart a good 
grasp of basic technica! 
principles through its course 
work and general examina- 
tions. Furthermore, thesis 
projects leading to the Ph.- 
D. degree go far toward de- 
veloping analytical ability, 
creative thinking, and clear 
expression. 

Outside, the field of basic 
research, however, industry 
must develop its own meth- 
ods for postcollegiate train- 
ing. Such training, as it is 
practiced in G-E, serves to 
establish the broad base of varied experience upon 
which the young chemist or engineer can successfully 
build his career. It also gives him proper orientation 
and acquaints him with his company by a series of 
working assignments in various departments. In order 
to give each man a sound basis for selecting the best 
area of endeavor for at least the early part of his career, 
these assignments cover a number of different types of 
work, in chemistry and chemical engineering.” 

For those men whose interests and abilities qualify 
them for highly technical work, academic training at an 
advanced level? is offered in addition to the practical 
experience obtained on the various work assignments. 
Here the emphasis is placed on the development of an 
analytical approach to real situations and the applica- 
tion of fundamental physical principles to the resolution 
of complex industrial problems. 

After the completion of such a training program the 
young chemist or engineer is prepared to select a posi- 
tion in one of the many laboratories, engineering, manu- 
facturing, or commercial organizations of the company. 

Thus we see that a large industrial organization pro- 
vides the facilities, variety of activity, and the training 
necessary for real contributions and steady progress of 
the professional chemist and chemical engineer through- 
out his career. General Electric, one of the largest em- 
ployers of chemists and chemical engineers in the 
United States, offers almost unlimited opportunity for 
talented young men in the chemical field. 


2 Kune, C. H., Chem. Eng. News, 26, 2692 (1948); Anrxkzr, 
A. J., Educational Service News, January, 1949. 

3 ArKER, A. J., AND C. H. Kuins, ‘“‘Postcollegiate education for 
technical leadership,’ Chem. Eng. News, 28, 1184 (1950). 
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EVALUATION OF INSTRUCTION AT 
LOUISIANA STATE UNIVERSITY 


A sysrem of evaluation of the instruction received by 
the student in the courses in the College of Chemistry 
and Physics at Louisiana State University was in- 
augurated in the 1944-45 academic year by the present 
Dean, A. R. Choppin. The evaluation by the 
student of the instruction which he is receiving is one 
of the methods aimed at helping the instructor to im- 
prove his teaching techniques. Once each year, since 
the plan’s inception, each student taking a course in the 
college, is given an instructor-evaluation sheet to check 
at a regular chemistry or physics class period. The in- 
structor for the course is not present at the time he or 
she is evaluated by the students. 

The questions are worded carefully to eliminate as 
much error in the answer as possible. Question num- 
ber 12 for example, Is the instructor interested in helping 
students outside of class?, to be answered Yes or No by 
the student, and question 13, Have you attempted to hold 
individual conferences with the instructor outside of 
class?, to be answered Yes or No by the student are fol- 
lowed by the question, How many , and a blank in 
which he is to place the number of times he has made 
the attempt to have a conference with the instructor. 
The limiting question, How many?——, following ques- 
tion 13, will probably cause the student to consider and 
give a more thoughtful answer to questions 12 and 13. 

A tabulation of the results of the questionnaire in 
several classes follows. The classes tabulated and re- 
corded range from freshmen through the graduate level. 

The last question on the evaluation sheet not shown 
in tabulations, was List the specific things that you feel 
would contribute to your obtaining greater benefit from this 
course. 

The list of suggestions from students, recurring most 
frequently is: 


SUGGESTIONS FOR IMPROVING COURSES 


Have smaller lecture sections. 

Get a new textbook. 

Have more and shorter tests. 

Make definite assignments. 

Work more problems for class. 

Speak louder. 

Write larger on blackboard. 

Leave illustrations on blackboard longer. 
Stick to the subject. 


$2 DNS OP ON 


The results of the evaluations by students are taken 
very seriously by our faculty and we are anxious to get 
the results of the evaluations each year in order to see 
whether or not we have shown any improvement. 


MAUD B. PURDY 
Louisiana State University, Baton Rouge, Louisiana 


A copy of the total number of students in each class 
answering Yes and No to the questions and the total 
number of students checking in each division in the 
summary, along with a list of the suggestions made by 
the students for the improvement of the specific course 
are given to the instructor. 

In a conference with the instructor, the Dean offers 
constructive criticism pointing out ways in which the 
instruction can be improved. 

At the different levels, freshmen, sophomore, junior, 
senior, and graduate, opinions of students are watched 
carefully by the instructor, head of the division, and the 
Dean. For example a large number checking “A” in 
the summary under Excellent or Above average would 
not be considered to mean as much at the freshmen level 
as it would at the senior and graduate level. An ad- 
vanced student in the College of Chemistry and Physics 
will have a higher than average “‘mentabolism,” spelled 
M-E-N-T-A-B-0-L-I-S-M. (This word was borrowed 
from Dr. Joel H. Hildebrand’s article “Philosophy of 
teaching” published in the September, 1949, JourNAL 
oF CHEMICAL EpucaTion.) Thesenior and graduate 
student should be better able to judge the instructor’s 
knowledge of the subject. 

One question on every evaluation sheet that is con- 
sidered of first importance, is question number 14, If 
giver an opportunity would you take further work with 
this instructor?” This, of course, is because of future 
courses which the student may take in the department. 
A large number saying No to this question regardless of 
the answers to the other questions is considered a 
definite danger point for the instructor. Of course, the 
answers to the other questions will elucidate this ‘“No’” 
answer, and furnish the cue for ‘the instructor to 
“straighten up and fly right.” 

The compilations are used by the Dean and a com- 
mittee of chemistry faculty members to discuss the 
merit of an instructor for a promotion in rank or for a 
salary increase. This committee’s recommendations 
with supporting data such as brief biography, activity 
in the department as a teacher, research worker, extra- 
curricular activity and the student evaluation com- 
pilations, are sent to the administrative office of the uni- 
versity. The President uses this information in an all- 
university committee on promotions and salary in- 
creases. The Dean of the College is present when the 
committee meets to discuss any changes in status of 
chemistry and physics faculty. The Dean is asked to 
present the recommendations for change in faculty 
status and the data from his college to support these 
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recommendations. This committee’s decisions are tan- 
tamount to passage by the Board of Supervisors of the 
University. 

In conclusion, the student evaluations of instruction 
in the College of Chemistry and Physics at Louisiana 
State University, give us a way to check on our own 
teaching effectiveness. The student evaluations focus 
our attention upon our strengths and our weaknesses. 
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We, of necessity, will work upon the weak spots so that 
next year’s evaluations will show improvement. The 
evaluation sheets give the student an opportunity to 
participate in molding the courses which the college 
offers. The students through the medium of de- 
partment-sponsored evaluations are given an official 
opportunity to express likes and dislikes. This some- 
what relieves the tensions built up within the student. 





WOMEN IN SCIENCE 


Is THERE a place for women in the scientific world to- 
day or is the modern successful woman scientist still 
considered the exception? Are her opportunities equal 
in all fields of scientific endeavor? What related 
courses best qualify the woman scientist? Is the salary 
commensurate with the training? How much experi- 
ence is required? Are our college graduates following 
the profession for which they have been trained? How 
important is graduate training? These and other ques- 
tions form the basis of a survey which included di- 
rectors of laboratories and college alumnae. The labora- 
tories selected represent a cross section of those in 
which women most frequently seek employment, 
namely, the clinical and industrial research types. 
The alumnae are those graduates who majored in sci- 
ence at the college from which this report originated. 

Compilation of these data gives a representative pic- 
ture of the current opportunities for women in the sci- 
entific world and helps evaluate the role of the college 
woman graduate. It is hoped that this information will 
serve as an aid in meeting the difficulties cited on page 
1-4 of the 1949 Government Bulletin concerning the 
boundaries and classifications of women engaged in 
various scientific fields. 

Placement of women in clinical laboratories exceeds 
that afforded by research laboratories in a ratio which is 
an almost exact inverse proportion. The percentages of 
men and women employed in each of these fields are 
tabulated as follows: 


Men Em- 
ployed, 
% 

11 


Women 
Employed, 


% 
Clinical laboratories 89 
Research laboratories 12 88 


The very large proportion of women engaged in clinical 
laboratories proves that this is a woman’s field. They 
are particularly adept at this type of work in which 


SISTER MARY HELENE 
Marycrest College, Davenport, Iowa 


great exactness in detailed manipulation is a first req- 
uisite. Then too, to reach a certain degree of skill so 
as to be an asset to a laboratory requires a shorter pe- 
riod of time in the case of a clinical laboratory than that 
required in a research laboratory. Consequently re- 
placement is more readily accomplished and the so- 
called “risk” on the part of directors of laboratories is 
reduced considerably. 

Women are not to be looked upon, however, as 
barred from the field of research. Reasons for the low 
percentage of women engaged in this profession include 
such objections as shorter tenure, fewer capabilities, 
and limited potential usefulness. The following ex- 
cerpts are taken from letters received from research di- 
rectors. 

“A woman is believed by most employers to be a less 
desirable employee than a man of equivalent experi- 
ence and training.” 

“A woman is more likely than a man to interrupt her 
employment because of marriage or home responsibili- 
ties. If she stays, the range of her potential usefulness 
to the organization is believed to be*more limited than 
that of the average male.” 

J. W. Brownson of the Westinghouse Research De- 
partment states: “We have found that most of our 
women employees will remain with us only until they 
are married. Consequently we are not anxious to hire 
women due to the necessity of replacement approxi- 
mately every three to five years.” 

According to Robert F. McCoole, technical personnel 
manager of the Monsanto Chemical Company, women 
are not as good a risk as men. “In general we find 
young women who enter employment in science are not 
as good a risk from the long-range point of view as men 
—that is, the announced career girl does not always so 
mature, so there is a correspondingly high termination 
factor, and this in itself is a deterrent to a research di- 
rector or chief chemist when considering women. 





From the point of view of experience required, the 
clinical laboratory is universal in its requirements of a 
year’s internship in an approved hospital. The research 
laboratory, on the other hand, prefers its employees 
with little or no experience, according to the responsi- 
bility of the position. 

“Experience is not required for all positions,’’ is the 
statement made by the General Mills Research De- 
partment. Those with more training and experience in 
laboratory procedure are thus qualified for supervisory 
positions.” 

The Standard Oil Research Laboratory advises that, 
“Experience varies with the position: No experience is 
required in some cases.” 

The item of salaries paid to women in research and 
clinical laboratories is difficult to compare because of 
reluctance on the part of research directors to furnish 
this information. Seventy-eight per cent of the research 
laboratories gave no numerical value for maximum sal- 
aries, stating that this depended on the type of work 
and the efficiency and training of the individual. 
Forty-four per cent reported the average minimum sal- 
ary as $2800, while 22 per cent gave the maximum sal- 
ary as $3180. Clinical laboratories were probably in a 
better position to report on this item because of fixed ad- 
vancements. The minimum salary for the trainee dur- 
ing the year of internship is $1680 while the maximum 
salary is $3400. 

Although we have considered only the placement of 
women in clinical and research laboratories the direc- 
tors of research laboratories have selected women to fill 
other scientific positions, such as that of technical librar- 
ian, literature survey work, analytical and control 
work, research assistants, and the like. These recom- 
mendations are summarized as follows. 

J. H. Howard, business and technical personnel di- 
rector of the Eastman Kodak Company, gives us this in- 
formation: ‘The majority of university graduates em- 
ployed for work in this area are young men who can 
look forward to a career with the company. Neverthe- 
less, there are occasions where we very definitely con- 
sider the applications of young women.” 

“There are some women in research, but a greater 
percentage of our women laboratorians are in analytical 
and control work.” 

“Girls who have majored in science are employed 
either in technical library and literature survey work, or 
as research assistants or laboratory technicians,” ac- 
cording to G. L. Bussard of E. I. du Pont de Nemours 
and Company. “A few girls are employed in plant ana- 
lytical laboratories where they will run tests that are 
necessary to control chemical processes. Occasionally, 
girls with bachelor’s-level training are employed as re- 
search assistants, carrying out the less fundamental 
work of a research chemist. In addition to the above 
types of work, there are occasionally openings for girl 
scientists who have a flair for writing. Such individuals 
may enter advertising or promotional work or infre- 
quently may assist in the editing of technical reports in 
publications.” 
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While the picture may not appear too promising, 
nevertheless the average college woman who has ma- 
jored in science has definitely found opportunities in 
this field which are a challenge to her. She has either 
proved that she is the exception or has otherwise sup- 
plemented her supposed liabilities with preferred assets. 

In evaluating the role of the woman college graduate 
who has majored in science the survey has been made to 
include the positions held by alumnae of Marycrest 
College. 

The ratio of clinical and research workers among 
these graduates is greater than that found in the survey 
of laboratories: 68.9 per cent are employed in clinical 
laboratories and 31.1 per cent in research laboratories. 
Women find scientific interests, however, in other fields 
which merit attention. The nursing and teaching pro- 
fessions are good outlets for women who are interested 
in the pursuit of science and whose personalities are such 
that their best work can be done in helping others. 
Considering these four fields of science, the percentages 
of alumnae engaged in each avocation is as follows: 


Clinical laboratories 
Science teachers 
Nurses. . : 
Research scientists. 


In furthering the pursuit of their chief interests 24.8 per 
cent of those engaged in scientific professions have con- 
tinued with their graduate work as an added asset to 
their qualifications. Seventy-five per cent were em- 
ployed without further training. 

Although women are accused of short tenure, the 
length of employment tabulated below indicates that 
they might be considered a good risk. Some marry im- 
mediately upon completion of their college work, others 
never follow their chosen field, but the majority make a 
generous contribution to science. 


Percentage of science majoes who were married soon 
after graduation 

Percentage of science majors who did not follow a sci- 
entific carrer 


Of the remaining 85.4 per cent who began working in 
science, 47 per cent have continued in this profession 
five years or longer. 

This extended service in science is perhaps best ex- 
plained by the intensive interest which such a field de- 
velops. Such factors as usefulness, sense of accomplish- 
ment, lack of monotony, advancement of science, need 
of exactness, keeping on the alert, and working with 
people are among the many advantages proclaimed by 
those engaged in scientific pursuits. The disadvantages 
border chiefly on the items of uncertain hours, routine, 
and low wages until experienced. 

Again, as in the case of industrial and clinical labora- 
tories, the wage scale is difficult to evaluate. In this in- 


stance the length of the period of employment is too. 


variable to give satisfactory data. With this factor in 


view we list the minimum and maximum wages for the 


four science professions. 
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Maximum 
$2500 
3000 
2200 3500 
2400 4200 


The courses which these graduates have found to be 
particularly helpful are wide in scope. Those engaged 
in research work have listed analytical chemistry, bac- 
teriology, calculus, English, and philosophy as courses 
which were of value to them. The clinical laboratorian 
capitalizes on her work in biochemistry, bacteriology, 
serology, histology, all possible chemistry courses, anat- 
omy, hematology, physiology, and suggests shorthand 
as being very helpful. In addition to the courses in her 
major field the teacher stresses the importance of courses 
in methods of progressive education. While the nurse 
must have all the science courses specific for nursing, 
she includes as important English, all phases of psychol- 
ogy and philosophy. 

From the foregoing data we conclude that the college 


Minimum 
$1600 
2500 


Clinical] laboratorians 
Research scientists 
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woman graduate who has majored in science evaluates 
her own role by the position she holds, her experience, 
her salary, graduate training, and the recommendation 
of courses which have been especially useful to her. Is 
she still considered the exception, the risk? Even 
though there are limitations in pursuing certain phases 
of science, nevertheless there is a definite need for wo- 
men college graduates with majors in science. As sta- 
tistics indicate, there has been a vast increase in the em- 
ployment of women in science since World War II. 
They may have had to sell their qualifications with a 
convincing personality; but be that as it may, they 
have taken their place in science. The prospects for the 
future may well be summarized by the statement made 
by Robert F. McCoole of Monsanto Chemical Com- 
pany: 

“T would think the true career girl well based in sci- 
ence and with the other requisites of a successful scien- 
tist would find equal, if not greater opportunities in sci- 
ence than in the industrial pursuits.” 


CECH 


A SPOT TEST FOR BISMUTH 


Fricu! states that bismuth forms crystalline yellow 
phenolates from acid solutions. When an alkylated 
phenol, 6-tert-butyl-3-methylphenol is used as a reagent, 
in which several alkyl groups are substituted on the 
benzene ring, a very dark precipitate is obtained. The 
test is performed on spot paper, which has been treated 
with the reagent and allowed to dry. Application of 
the unknown bismuth-containing solution results in a 
brown spot on drying. 

Tests were performed in the presence of a number of 
the metals in the first and second qualitative groups. 
As silver yields a black spot, its presence interferes with 
the test. Acid solutions contair ng 0.1 per cent of the 
metals in question as well as 0.2 per cent, 0.02 per cent, 
0.01 per cent, and 0.005 per cent bismuth were prepared 
and the limit of identification of bismuth in the presence 
of these metals established. See tabulated results: 


1 Feic., Frrrz, “Chemistry of Specific, Selective, and Sensi- 
tive Reactions,” Academy Press, New York, 1949, p. 377. 
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It was noticed that where heating was resorted to in an 
effort to accelerate the reaction, a green color was first 
produced, which changed to brown on standing in air. 

The test is suitable for the confirmation of bismuth 
down to approximately 2.5 yu, while in solutions contain- 
ing other ions of the copper-arsenic groups the limit is 
somewhat higher. 

The author wishes to thank Dr. F. E. Brown for his 
encouragement and the Koppers Company of Pitts- 
burgh for their contribution of the reagent. 





A STUDENT PREPARATION: 


Suivce dialkylbenzenes sulfonate rapidly with sulfuric 
acid and at moderate temperatures, the recent commer- 
cial availability of pure xylene isomers affords the or- 
ganic laboratory instructor a short, easy, and inexpen- 
sive sulfonic acid preparation. Until recently the 
ortho, meta, and para isomers were commercially avail- 
able only as a mixture of the three. Sulfonation of this 
mixture was easily accomplished (7) but resulted in an 
even more complex mixture of at least four of the six 
possible monosulfonic acid derivatives. Sulfonation of 
some monoalkylbenzenes such as ethylbenzene (2) are 
easily accomplished also but they too lead to mixed 
products. 

Para xylene of 95% purity! which is now available in 
quantity at moderate cost will sulfonate rapidly when 
agitated with concentrated sulfuric acid to yield a single 
product. External heating can be omitted entirely, 
although the yield is improved somewhat by heating. 

The following is an experiment regularly performed 
by students in the second semester of our third year level 
organic laboratory course. 


PROCEDURE (3) 


Place 12 ml. of para xylene in a dry 200-ml. round- 
bottomed ring-neck flask and add with swirling agita- 
tion 14 m.. of concentrated sulfuric acid. Continue 
agitation of the mixture with a circular motion and heat 
gently but directly over a low flame. A thermometer 
is not needed since the temperature is moderate and not 
critical but in no case should the boiling point (137°) of 
the xylene be reached. 

After 20 to 30 minutes the reaction should be com- 
plete, as indicated by the clarity of the mixture on cool- 
ing. When cooled to room temperature add 10 ml. of 
water to the contents of the flask and agitate again. 
The mixture becomes warm once more as a result of the 
contact between the water and excess acid. While 
still warm pour the product into a small (100-ml.) 
beaker to cool and crystallize. 

When crystallization seems complete filter the mass, 
with suction, on a fritted funnel. Press the crystals 
down on the fritted plate with a flat-bottomed glass ves- 





1 Para xylene of 95 per cent purity can be obtained from the 
Oronite Chemical Company, Richmond, California. 


SULFONATION 


JOSEPH E. WEBER 


a" Green State University, Bowling Green, 
ro) 


sel and continue the suction until all of the supernatant 
liquid has been removed. 

Recrystallize the crude product from a small amount 
(10 ml.) of water. 


EQUATIONS 
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p-Xylene- p-Xylene-2-sulfonic 
2-sulfonic acid acid dihydrate 


The average student can complete this preparation of 
p-xylene-2-sulfonic acid dihydrate and hand in to the 
instructor a snow white crystalline product of high 
purity and good yield in 1!/.-2 hours from the time that 
he enters the laboratory. With a single rinsing with 
water alone the glassware used in the experiment is 
sparkling clean. 

Compare this sulfonation experiment with the usual 
experiment involving the long heating of aniline and 
sulfuric acid in an oil bath at 180-185° with its attend- 


ant fire hazard, and finally the many decolorizations 


usually required of the crude product to produce a 
reasonably pure white sample. Then there is the prob- 
lem of the removal of the charred material from the 
reaction flask. 
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PROCUREMENT OF CHEMICALS AND 
OPERATION OF CHEMICAL STOCKROOMS 


Dunrine the past fifteen years it has been my pleasure 
to visit a rather substantial number of colleges and uni- 
versities in various parts of the country. I have ob- 
served a wide variety of practices and procedures in the 
purchasing and stocking and issuing of the chemicals 
required and I wish to comment on those practices that 
will promote smooth efficient operation of a chemical 
stockroom. It is not difficult or complicated to operate 
a good system, one that will insure that an adequate 
supply of the proper chemicals is always available. 
There is no one system that must be used, but instead 
the needs of each institution must be considered and the 
system planned to take care of those needs. 

Good records must be kept. That is of foremost 
importance. The mechanics of keeping the records 
and the amount of detail recorded must be in proportion 
to the problem of each school. Obviously, a small 
college does not need to maintain the elaborate record 
system that will be required for the efficient operation 
of a stockroom in a large university. I believe that a 
perpetual inventory system is almost a necessity in large 
universities to make sure that adequate supplies are 
always available. The perpetual inventory should 
show the minimum and maximum amounts of stock to 
be carried so that a requisition for the proper amount 
can be prepared when the minimum stock point is 
reached. The record card might also carry information 
as to the regularity of use. The methods for compiling 
the information will be discussed later. 

A perpetual inventory system would also be very nice 
in a smaller school but it is probable that the work of 
maintaining such records might be out of proportion 
to the benefit that would be derived. For such schools 
I suggest that the following plan would be acceptable 
and reasonably satisfactory. A physical inventory 
should be taken at the beginning of the school term and 
to it should be added all incoming shipments. At the 
end of the semester another physical inventory should 
be taken so that the consumption during the current 
semester can be determined and the amount of stock 
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available for the next semester’s program posted on the 
records. This will indicate very clearly whether or not 
the supplies on hand are adequate for the coming 
semester’s work. The procedure for establishing in 
advance the amount of material that will be needed is 
basically the same-regardless of the size of the school 
so we will discuss that problem without making any 
special reference to the size of the school involved. 

These comments are made from the viewpoint of the 
chemical manufacturer and are based on the observa- 
tion of a good many schools over a period of years. 
They are intended to present what we consider the best 
methods, not only for the operation of a stockroom but 
also for the procurement of the necessary chemicals on 
the most economical basis. Let me remind you that no 
matter how inadequate your records, or no matter in 
how much of a jam you may find yourself because of 
lack of supplies, there will be a supplier very willing and 
ready to take your orders and get you the material, but 
if you are not doing an adequate job you can not expect 
to get the most economical prices. In other words, 
you can get anything you want almost anytime you 
want it if you are willing to pay the price. Since I have 
heard many sad reports about budgets and how small 
and inadequate they are for current enrollment I am 
assuming that you are interested in plans of operation 
that will not only provide supplies when they are 
needed but will enable the school to purchase them on a 
most economical basis. Small orders that must be 
placed for rush shipment or emergency delivery service 
add greatly to the cost of the material procured so the 
plans and ideas suggested are designed to eliminate as 
many small emergency orders as possible. 

From time to time I have heard complaints from 
faculty members that the stockrooms in their particular 
institutions never seem to have on hand the material 
desired, and in some of those same institutions I have 
heard the head of the stockroom complain that the 
faculty expects the stockroom to be a mind reader and 
by some supernatural power to know what will be re- 
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quired and have it available. A situation like this 
indicates to me just one thing—a complete lack of 
planning. 

The faculty of the chemistry department should ad- 
vise the stockroom as to their anticipated requirements 
of all chemicals regularly used. These might be cal- 
culated in terms of needs for each student. As long 
as the same laboratory manual is used the requirements 
per course or per semester will be quite uniform and the 
total requirements can be quickly determined by multi- 
plying the consumption per student by the anticipated 
enrollment. The stockroom should also know how 
often the course will be offered, so that total require- 
ments for a year can be calculated. The basic needs 
for each student should be computed rather accurately 
and then a suitable overage added to allow for spilled 
chemicals, broken bottles, and wasted material. 
The report from the faculty member to the stockroom 
should clearly indicate the chemical name, the grade 
of purity, the physical size if there is a choice between 
powder or crystal, and any other necessary information 
that will identify the chemical required. 

Either the instructor or the stockroom man must de- 
termine the most suitable package size after considering 
the nature of the chemical and its stability, the method 
of issuing the chemical to the students, the grade of 
chemical involved, and the importance of having ab- 
solutely pure material available. If the chemical is 
purchased in a large package you must consider the 
following problem. Some chemicals cake very solidly 
and very readily and if too large a container is pur- 
chased it is possible that the last portion may be so badly 
caked before it is used that it must be discarded, and 
any possible economies effected by the purchase of the 
larger size package are more than offset by the loss of a 
portion of the contents. 

Speaking from the chemical manufacturer’s view- 
point, we wish also to remind you that there is always 
the danger of contamination of the contents of the 
bottle if the user is careless and does not use an ab- 
solutely clean spatula or scoop in removing the chemical. 
We well realize that in spite of all precautions taken any 
manufacturer may make a mistake and supply, upon 
rare occasions, a chemical that is not as high in quality 
as it should be, but we are firmly convinced that a high 
percentage of the quality complaints received are caused 
by contamination of the chemical after the bottle has 
been opened in the user’s laboratory. It is seldom dip- 
lomatic to state so bluntly our views to any of you as 
individuals, so I am very glad to have this opportunity 
to ask you as a group to consider carefully the problem 
of selecting the proper package size for the chemicals 
you purchase. 

It is the practice of some schools to purchase large- 
size packages and subdivide into smaller containers be- 
fore the material is issued. If properly trained per- 
sonnel is available this can be done with little or 
no danger of contamination of the chemical, and it is 
usually done in an effort to save money. We have no 
serious difference of opinion with any school that carries 
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out such a program, but we frequently wonder if there 
are any real savings made if good accurate cost account- 
ing is used. If you have adequate space, suitably 
trained personnel, and don’t have to pay overhead, heai, 
light, rent, or supervisor’s salaries, then you can show a 
saving on such a program. 

The important thing is to determine the quantity, 
grade, specifications, and the desired package size, and 
inform the stockroom of your requirements. This pro- 
gram will give the stockroom adequate information for 
them to procure and keep on hand adequate inventories 
of the basic requirements for the chemistry department. 
The stockroom should then make up a list of every 
chemical regularly stocked and the list should also 
indicate the package size, grade of purity, and all other 
identifying information. The quantities carried in 
stock will be based on the needs reported by the teach- 
ing staff, and it would be quite unreasonable for any 
staff member to expect the stockroom to have on hand 
any items other than those reported or quantities 
greatly in excess of those reported. The stockroom 
will presumably have ordered amounts slightly in excess 
of reported demands to allow a suitable margin of safety, 
but budgets seldom permit large excess quantities to be 
purchased. It seems to me that the responsibility of 
notifying the stockroom of any additional material re- 
quired rests on each individual staff member, who should 
report in advance any additional requirements, if it is 
desired that the material shall be in stock. It will be 
of considerable help to the stockroom if these addi- 
tional requests are identified as to whether they are one- 
time requests only or whether repeated usage of the 
chemical is anticipated. 

We believe that it is the duty of the stockroom per- 
sonnel to keep all supplies in good condition. This 
means that there should be periodic inspections made of 
all inventory on hand to make sure that the chemicals 
are suitable for use. There are many materials that are 
unstable and are not suitable for use after prolonged 
storage. Others require special storage conditions to 
protect the chemical from temperature extremes. 

We suggest that you keep in mind the fact that 
chemical manufacturers do improve standards of qual- 
ity from time to time and the American Chemical 
Society also revises specifications. Therefore, it is 
unwise to issue material that is quite old if it is for a 
critical use. I regret to report that I have seen stock- 
rooms carrying chemicals that were ten, fifteen, and even 
twenty years old. Perhaps we can cover this situation 
by commenting that chemical standards of twenty 
years ago are somewhat like automobiles of twenty 
years ago. Current models are usually much better. 
The head of the stockroom should have the responsibil- 
ity and the authority to dispose of antiquated material. 

Some chemicals present fire hazards and suitable 
storage facilities must be provided. Other chemicals 
present safety-in-use problems, especially in the hands 
of students. Suitable safety regulations must be pre- 
pared and enforced. Such chemicals should not be 
issued at random by the stockroom. 





JULY, | 


In so! 
work re 
there W 
in the | 
one per 
believe 
identice 
number 
progran 

Let 1 
cureme 
advised 
individ 
means 
In som 
tion ar 
others, 
partme 
who de 
out for 
name, 1 
size. 

It is 
orders 
room 3 
current 
whethe 
ments 
the tin 
price p: 
we wot 
of you 
fered vi 
any of 
same 0 
prepare 

use, th 
the pra 
purcha 
depart: 
all sucl 
In the 
the pu 
tities ¢ 
careful 
against 
what s 

Upt 
with w 
institu 
others 
which | 
perpet 
more f 
quent 
and fi 
storage 
more 
ithe pu 
of this 


JULY, 1950 


In some universities the enrollment is so large and the 
work required to operate a stockroom so great that 
there will be need of an individual for almost every step 
in the procedure just discussed. In the smaller school 
one person will perform many of these functions, but I 
believe that the basic steps to be taken are practically 
identical, regardless of the size of the school or the 
number of people on the staff required to carry out the 
program. 

Let us continue the discussion by considering pro- 
curement practices. After the stockroom has been 
advised of the needs of the department, the lists for the 
individual courses should be consolidated and the best 
means to procure the chemicals should be considered. 
In some schools the stockroom will prepare the requisi- 
tion and send it to the purchasing department. In 
others, the stockroom also acts as the purchasing de- 
partment, but the job to be done is the same no matter 
who does the purchasing. Requisitions or lists sent 
out for quotations should clearly state the chemical 
name, the grade, physical description, and the package 
size. 

It is industry practice to offer lower prices for larger 


orders or for specific types of packages. The stock- 


room man should consider the chemical industry’s 
current plan of offering standard case sizes and consider 
whether the economies in price offered warrant adjust- 
ments in quantities originally calculated. This is not 
the time or place for a discussion of the practices and 
price policies of my own company but I assure you that 
we would be very glad to discuss the problem with any 
of you and it is very probable that the suggestions of- 
fered would be of assistance. I am also quite sure that 
any of our competitors would be very glad to make this 
same offer to you. If it is the duty of the stockroom to 
prepare the requisitions for the purchasing department’s 
use, then the stockroom should be fully informed as to 
the practices which will bring about the most economical 
purchasing of chemicals required and the purchasing 
department should be sure to pass on to the stockroom 
all such information presented by the various suppliers. 
In the small schools where the stockroom man also does 
the purchasing, he can control very readily the quan- 
tities and package sizes to be bought and can weigh 
carefully the price advantages for larger quantities 
against the needs of the department and can determine 
what should be purchased. 

Up to this point we have not considered the frequency 
with which orders should be placed. Some educational 
institutions have purchased on a once-a-year basis, 
others at more frequent intervals. A large school, one 
which purchases large amounts of material and where a 
perpetual inventory system is kept, probably finds it 
more practical and convenient to purchase at more fre- 
quent intervals, in order to insure adequate inventories 
and fresh stocks. Many schools’ lack of adequate 
storage space also makes it necessary to purchase at 
more frequent intervals. The stockroom head and 
ihe purchasing department should cooperate on a study 
of this problem, considering the total amount of material 
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to be purchased, the available storage space and stock- 
room help, and the most economical quantities to be 
purchased. The time required for the mechanics of 
placing an order and for the supplier to make delivery 
must also be considered in such a study to make certain 
that adequate time is allowed. 

No matter how carefully anticipated needs are cal- 
culated and tabulated, I well realize that it will be 
necessary from time to time to place emergency orders 
for rush delivery. Frequently these orders will be 
small and you will be forced to request faster than usual 
service. Let us consider some pertinent facts about 
such orders. If you demand faster than usual service 
it will cost the supplier more than the standard amount 
to process the order. If the quantity is small you will 
pay the small quantity price for the material. In spite 
of the fact that the price will be higher, I am quite 
correct in commenting that your supplier will lose 
money on many of these orders. Any supplier has 
certain fixed costs of order handling and these fixed 
costs do not vary a great deal with the size of the order. 
Bookkeeping entries and other clerical operations take 
just as much time on a $1.00 order as on $100 or $500 
orders. Therefore, these small orders are not attrac- 
tive to your supplier because they seldom represent 
profitable business and your supplier must earn a 
reasonable profit on the operation of his business if he 
is to stay in business. 

For that reason I suggest to those of you who are 
responsible for procurement that you consider your 
relations with your suppliers. This business of buying 
and selling is a two-way street. You have every reason 
and right to expect, as a buyer, that your supplier will 
furnish you adequate merchandise at a fair and honest 
price, but if you were going to ask a supplier to provide 
for you emergency service from time to time, then in all 
fairness to that supplier, you must also give him a rea- 
sonable portion of your regular business which he can 
handle in a profitable manner. 

It is common practice for many educational insti- 
tutions to send out inquiries and ask for prices on the 
list of chemicals and supplies, and it is required that 
many tax-supported institutions make purchases only 
in that manner, and it is quite proper that this procedure 
be followed. However, it is the practice of some schools 
to send out large numbers of inquiries, and the extreme 
condition that I have encountered is one school that 
made it a practice never to give the major order to the 
same supplier for two consecutive years. Frankly, I 
don’t know what they expect to gain by such practice of 
always calling on a new supplier, because it appears 
to me that it would increase rather than simplify their 
procurement problems. 

I realize that many suppliers call on you and ask for a 
share in your business and request a chance to quote on 
your requirements. Probably for that reason, as much 
as for any other, some of you send out six to fifteen sets 
of inquiries. I may be criticized by some of the labora- 
tory supply houses for these next comments, especially 
since a number of them are distributors for my company, 
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but I think the subject should be carefully considered. 
Obviously, very few of you can buy from that large a 
number of suppliers, since you don’t have that large a 
volume of purchases. 

I suggest that you might consider the following idea. 
Each of you has your own opinion as to the relative 
merits of the supply houses and each of you feels con- 
fident that certain of these houses will adequately 
handle any order you place with them. Most of you 
will have more than one supply house in which you 
have confidence. Therefore, I suggest to you that 
when you send out your inquiries, you limit these in- 
quiries to those houses from which you would be satis- 
fied to receive any item which you intend to purchase. 
Such a viewpoint should enable you to get an adequate 
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number of quotations and still help correct this very 
wasteful practice which has developed rather sharply 
during the current year. . It places an extra burden, 
both on you and on the supplier, and if the supplier is 
to stay in business it is you who eventually pay the 
bills. 

In conclusion, we suggest to you the need for inven- 
tory and procurement records, accurately prepared and 
maintained to insure adequate supplies and efficient 
procurement. The stockroom and purchasing depart- 
ments are service departments whose function is to 
assist you in your business of operating a chemistry 
department. In most of your institutions this has be- 
come big business and you should operate these service 
departments in accordance with sound business practice. 





INSTRUMENT PROBLEMS IN A COLLEGE 
CHEMISTRY DEPARTMENT 


A  screntiric “instrument” may be defined in a broad 
sense as any specific contrivance or aid which may be 
used. to carry out any particular physicochemical opera- 
tion. In accordance with this definition all scientific 
tools, from test tubes to hydrometers, may be classified 
as instruments. 

It is not my purpose to discuss in this paper the 
problems of procurement, stocking, servicing, etc., of 
all types of equipment. Other discussions in this sym- 
posium deal effectively with the many problems asso- 
ciated with the glassware and chemicals which are 
normally supplied by the average chemistry depart- 
ment stockroom. Furthermore, many of the older 
types of instruments—including, for example, tensiom- 
eters, colorimeters, ovens, and thermostats—have 
been purchased, stocked, inventoried, and serviced in 
accordance with standard procedures for many years 
and present no new problems in chemistry department 
administration. I propose to consider, therefore, new 
problems presented by increased use of those optical 
and electrical instruments which are considered by the 
instrument engineer to be specific in their operation or 
application. 

Problems frequently arise in the procurement of this 
type of instrument from lack of consideration of one or 
more interrelated factors. Table 1 consists of a block 
diagram showing a number of the interrelated factors 
which should be considered when purchasing a new 
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instrument. Usually the operation which the instru- 
ment is to perform—let us say refractive index measure- 
ment—is known from some specific requirement. Gen- 
erally our first consideration in collegiate work is to 
determine the application of the device, 7. e., are we to 
use it for strictly educational or research purposes. 
Should we decide upon educational requirements only, 
then the level of instruction, graduate or undergradu- 
ate, must be considered. On the other hand, if we de- 
cide that the instrument is to be used for research pur- 
poses at the graduate and staff level only, then its pre- 
cision and versatility for use in more general applica- 
tions must be considered. 

The cost factor indicated in Table 1 is probably the 
most important consideration involved in the procure- 





TABLE 1 «¢ 
Instrument Classification 


OPERATION 





EDUCATION<————_'—> RESEARCH 


UNDERGRADUATE<—'->GRADUATE VERSATILITY<—'->PRECISION 
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ment of instruments for university work. In general 
the precision which we wish to obtain in a given opera- 
tion will largely govern the cost of the instrument. 
Furthermore, the cost of an instrument usually is 
directly proportional to its complexity of construction 
and operation. Often we find that a certain sum of 
money will be available for the purchase of instruments. 
Under these circumstances the cost factor of each in- 
strument must be considered first, 7. e., placed at the top 
of chart in Table 1. 

Following the consideration of the aforementioned 
factors, the university instructor must decide whether 
it is advantageous to construct the instrument in the 
school or in outside shops, or to purchase the completed 
instrument from the manufacturer or supply house. 
Here again, assembly or direct purchase considerations 
may be the paramount factors concerning the acquisi- 
tion of a given instrument. In fact, the several factors 
listed in Table 1 governing the acquisition of instru- 
ments in general are all interrelated, since any one 
factor may become of primary importance depending 
upon the specific problem. | 

An example of the use of Table 1 as an aid in the 
procurement of a specific instrument—let us say a 
refractometer—may clarify this interrelationship. If 
the refractometer is to be used for educational pur- 
poses, at the lower undergraduate level in analytical 
chemistry, its precision and cost need be moderate only, 
and therefore we may limit ourselves to the purchase of 
a simple Fisher-Jelly student refractometer costing 
approximately $50. On the other hand, if we should 
require a higher-precision refractometer for use at the 
higher undergraduate and graduate levels, a more 
versatile Abbe, cesting $500, will be indicated. If a 
very versatile, high-precision instrument is required for 
research purposes, then a Bausch and Lomb precision 
refractometer costing $1500 must be considered. Less 
versatile in its general use, but remaining to be consid- 
ered because of its high sensitivity, is the interferometer 
costing $2000 and up. 

If the consideration of a purchase of refractometry 
equipment is governed by the availability of $1000, then 
it may be advisable to purchase one Abbe refractom- 
eter, one Dipping refractometer, and one Fischer re- 
fractometer, rather than two Abbe refractometers. In 
this way three instruments, differing in type of con- 
struction, cost, complexity, and precision will be avail- 
able. 

Frequently, after all of the factors enumerated in 
Table 1 have been considered, it is discovered that two 
commercial instruments of similar type and cost are 
available. The college purchaser under these condi- 
tions is faced with several new problems in making his 
selection. If there is insufficient difference in con- 
struction and principle of operation to afford a decision 
between the two instruments, then the manufacturer 
must be considered. Certain manufacturers have 
developed a reputation for constructing quality ihstru- 
ments of rugged construction. These manufacturers 
should be considered favorably, particularly if the fac- 


tors of availability and service are paramount. An 
Abbe refractometer from a foreign manufacturer is 
undesirable under the latter considerations. 

The selection of the supply house from which the 
instrument is to be purchased is another problem to be 
faced by the purchaser. It seems advisable to pur- 
chase a large majority of the instruments from a single 
supplier, particularly if the supply house has developed 
a reputation for maintaining a large stock of quality 
products. A supplier should be selected who is capable 
and willing to give prompt and efficient service in the 
repair and reconditioning of instruments. The problem 
of procurement of instruments by the university in- 
structor would be considerably simplified if educational 
discounts were made available to him through the 
supplier. In the long run, the supplier would probably 
benefit from this policy, inasmuch as a student would be 
most likely to purchase after graduation an instrument 
with which he is familiar. 

Although it may be impractical and at times impos- 
sible to construct in a college or in outside shops many 
precision optical instruments, it is advisable from many 
standpoints to assemble or construct certain instru- 
ments. This is particularly true of electrical instru- 
ments which may be assembled in the college shops on a 
“bread board” basis for the undergraduate level of 
instruction. Electronic amplifiers for electrometric 
titrations are examples of this type of construction. 
Student understanding of the principles involved in a 
given instrument is greatly enhanced under these con- 
ditions. A commercial model of the same type of 
instrument, of the self-contained or “black box’’ type, 
may be substituted for advanced instruction after the 
student has mastered the elementary principles. The 
low cost of construction of a specialized instrument at a 
university as compared to a commercial model may be 
the deciding factor determining the acquisition of a new 
instrument. The mass spectrometer constructed by 
the writer at Lehigh University cost approximately 
$5000 whereas the installation of a commercial model 
of the same versatility would have involved the outlay 
of about $30,000. 


ORDER OF PROCUREMENT ° 


To set up a course of instrumentation of the elemen- 
tary type on the undergraduate level a nucleus of about 
10 instruments is required. The order of procurement 
of these instruments is a function of many interdepend- 
ent factors which differ with each college situation. A 
tentative order of procurement, preferred by the writer 
for an undergraduate course in instrumentation, is pre- 
sented in Table 2. Ten primary instruments are listed 
in the order of their procurement. The writer feels 
that at least one of these instruments should be avail- 
able for student use before any of the instruments listed 
under the extension in Table 2 need be obtained. 

Frequently one or more of the primary instruments 
are already available, thus tempering the order of pro- 
curement of the remainder. Occasionally more com- 








TABLE 2 
Order of Procurement 


Undergraduate level 
Primary Extension 


Analytical Balance 

Spectroscope 

Potentiometer 

Conductivity Bridge 

Electrodeposition 

H Meter 

fractometer 

Colorimeter 

Gas Analyzer 

Microscope 
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Controlled Potential 
Recording Type 

Abbe, Precision 
Turbidimeter, Nephelometer 
Thermal, Vacuum 
Photomicrography 
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tion at least $500 should be set aside each year, approxi- 
mately $150 of which is to be used for servicing and 
reconditioning, while the remainder should be allowed 
to accumulate for the acquisition of extensions. The 
cost of setting up and maintaining primary instruments 
and their extensions for use in research at the graduate 
level will vary widely according to the requirements of 
the institution. At Lehigh, at least one of the instru- 
ments listed in Table 3, with the exception of those 
marked *, is available. Our total inventory for this 
type of instruction is $34,000. 





plex type instruments listed in the extension of Table 
2 will be found available in a given school despite the 
fact that their primary counterparts have not been ob- 
tained. It is inadvisable to operate an undergraduate- 
level instrumentation course with advanced-type instru- 
ments. 

The writer’s preference for the order of procurement 
of instruments for an advanced undergraduate or gradu- 
ate level course is given in Table 3. Here again, the 


TABLE 4 
Cost of Instruments (Undergraduate) 


Extension 





Minimum 





Spectroscope 
Potentiometer 
Conductivity Bridge 
Electrodeposition 
H Meter 
fractometer 
Colorimeter 
Gas Analyzer 
Microscope 
Total 





TABLE 3 
Order of Procurement 


Graduate level 





Primary Extension 





Automatic Titrations 
Reflectance, Flame 
Continuous Recording 
Precision T 

Double Beam* 

Direct Recording * 

Scalers, Integrators 

Direct Indicating * 

Isotope Ratio * 

Dielectric K, VTVM, etc. 


Electronic Titration 
Spectrophotometer 
Polarograph 
Polarimeter 

Infrared Spectrometer 
X-Ray Spectrometer 
Radioactivity 

Emission Spectrograph* 
Mass Spectrometer 
Electronic Devices 


* Not available at Lehigh. 
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list of 10 primary instruments is amplified by extensions 
for advanced-type instruction or research. It is to be 
understood that the order of procurement is not man- 
datory and may be changed to meet an individual in- 
structor’s desires or conditions prevailing at a given 
university. 


BUDGET ESTIMATES 


Assuming that an analytical balance is available, 
along with the normal supply of chemicals and glass- 
ware, an elementary course in undergraduate instru- 
mentation may be started with a nucleus of 10 primary 
instruments costing approximately $1500, as shown in 
Table 4. Single extensions of these instruments now in 
use at Lehigh University raised the cost of the initial 
outlay to approximately $5700. Duplicates of most of 
the primary instruments, as well as duplicates of some 
of the extensions, have raised our instrument inventory 
at Lehigh for undergraduate instruction to approxi- 
mately $17,000. 

In setting up an elementary course of instrumenta- 


HOUSING AND RESPONSIBILITY 


The problem of housing and responsibility for in- 
struments of the type discussed in this paper is most 
vexing to the university instructor. Ordinary stock- 
room facilities and staff are generally not well suited or 
competent to take charge of or to service instruments of 
the type discussed here. A solution to this problem, 
at which we have arrived, may be of some in- 
terest. A staff member of instructor rank ‘whose 
major interest is instrumentation is given full charge 
and responsibility for the housing, maintenance, care, 
and service for instruments used in the undergraduate 
course. These instruments are set up in two rooms and 
available for use at all times by other staff members and 
graduate students. 

Instruments which have been acquired for graduate 
instruction and research should be housed in several 
rooms, set aside exclusively for this purpose. They 
should be set up for use at all times for graduate students 
in other divisions of the department. Responsibility 
for the care and maintenance of these instruments 
should lie with an experienced staff member of profes- 
sorial rank. At Lehigh, for example, it is advanta- 
geous to include instruments such as the mass spectrom- 
eter, the recording infrared spectrometer, and a spec- 
trometer with its flame photometer attachments under 
the direct care and supervision of the writer. Electro- 
metric titration equipment, polarography, and X-ray 
equipment are housed in other rooms under the super- 
vision of another interested instructor. 

The problem of servicing and maintaining these newer 
type instruments has not been satisfactorily solved up 
to this time. Unless the instructor in charge of instru- 
mentation is capable of making minor repairs on both 
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optical and electronic equipment, considerable difficulty 
will be encountered in maintaining high operating 
efficiency. The purchase of instruments from a single 
supply house with a good service department, as pre- 
viously mentioned, is of paramount importance. Shop 
facilities in a chemistry department should be extended 
to include instrument servicing and, if possible, instru- 
ment construction. 

The problem of duplication of primary instruments 
available in a chemistry department can frequently be 
solved by compromise and planning. A single set of 
primary instruments will suffice for the instruction of 
approximately 15 students in each course. Duplica- 
tion of certain of the primary instruments and the 
extensions will increase the student load providing the 
demand and staff are available. Through proper or- 
ganization of instrument purchase unnecessary duplica- 
tion may be avoided. The writer knows of several 
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colleges where four complete spectrophotometer assem- 
blies have been purchased, one each by the physical, 
inorganic, organic, and analytical divisions. Rarely, 
if ever, are all four of these instruments in use at any 
one time. Proper organization, involving the complete 
responsibility of one staff member for instrument pur- 
chase and scheduling, would minimize duplication of 
this type and would make available funds for the pur- 
chase of additional equipment. 
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OPERATING AN AGRICULTURAL 
BIOCHEMISTRY STOCKROOM 


Tue problems encountered in operating the stock- 
room of the Department of Agricultural and Biological 
Chemistry at The Pennsylvania State College are no 
doubt different from those encountered elsewhere. 
This is due to the highly specialized nature of the 
courses offered and to the type of research conducted. 
This department is in a Land Grant College and is a 
part of the Agricultural Experiment Station. 

Types of research conducted include: nutrition 
studies with rats, poultry, domestic livestock; insecti- 
cides and fungicides; crop plants; and edible fats and 
oils. An analytical service is maintained to take care 
of such work for the Agricultural Experiment Station. 

The main stockroom is located in the basement and 
three subsidiary stockrooms are located on each of the 
three upper floors. Supplies are carried to the subsid- 
iary stockrooms by elevator. In addition there are 
separate storage rooms in the basement for solvents, 
alcohol, heavy chemicals, and case-lot goods. These 
storage rooms are protected by a carbon dioxide fire 
extinguisher system. 

The stockroom must take care of the needs of twenty 
undergraduate and postgraduate laboratory courses. 
About 1000 students are accommodated annually. 
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The stockroom also takes care of the needs of members 
of the full-time research staff as well as those who divide 
their time between research and teaching. Thesis 
research requirements of 40 to 50 graduate students 
impose an especially heavy load on the stockroom. 
Two employees devote full time to the stockroom. 
Their duties consist of checking shipments of supplies 
received, dispensing stock from the several stockrooms, 
and keeping the stockroom in order. 

The student laboratory desks are stocked with the 
basic supplies needed for the several courses. When 
additional supplies are needed by the student for a 
particular experiment they are obtained from the 
stockroom through the use of loan slips. When the 
experiment is completed the borrowed items are re- 
turned to the stockroom and the loan slip is returned to 
the student. Owing to the courses offered and to the 
types of experiments conducted, it is impossible, with 
one or two exceptions, to stock a laboratory desk with 
all the equipment needed for a particular course. 

The annual budget amounts to $30,000 for chemicals, 
laboratory supplies, and equipment. Of this amount 
$17,000 is chargeable to instruction and $13,000 to re- 
search. 
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The inventory files list 800 inorganic chemicals, 1000 
organic chemicals, 150 pyrex items purchased in case 
lots, 2000 laboratory supply items (such as glassware, 
porcelain, rubber tubing, and bottles), and 500 equip- 
ment items. 

The inventory cards are filed in Kardex files for ease 
of handling and record keeping. Cards listing chemi- 
cals show name and grade of chemical across the top. 
The body of the card shows the amount in stock at time 
of inventory, date ordered, amount ordered, vendor, 
date received, cost, and purchase order number. The 
cards listing laboratory supplies are similar in design 
except that space is provided for size, style or number, 
and vendor’s catalogue number. 

The inorganic chemicals are filed alphabetically. 
With a few exceptions, organic chemicals are also filed 
alphabetically. Separate files are maintained for 
organic acids, alcohols, amino acids, dyes, and indica- 
tors. Pyrex glassware purchased in case lots has a 
separate file. The laboratory supplies are filed as listed 
in the catalogue of a laboratory supply house. 

All equipment purchased is entered on a card for this 
purpose. This card is similar to the one used for 
laboratory supplies but with space to enter model and 
serial numbers. Disposition of equipment is shown on 
the card. Space is also provided for listing accessories 
as well as major repairs. These cards are filed alpha- 
betically. 

About March 1 of each year, a notice is sent to each 
member of the department asking for a list of chemicals, 


laboratory supplies, and equipment that will be needed 


for the ensuing fiscal year which starts July 1. Staff 
members are requested to list only those items which 
are not carried in the stockroom. Teachers are also 
requested to report changes in laboratory requirements 
and to list chemicals and supplies needed for the 
changes. All stockroom requests are due by the first 
of April. In the meantime, an inventory is taken of 
the chemicals and laboratory supplies in the stockroom. 
From the information on the inventory cards it is pos- 
sible to determine the amount used during the past 
inventory year. Thus, by the first of April the approxi- 
mate needs of the department for the next fiscal year are 
determined. 


The case-lot pyrex order is made up first. Since our 
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needs are usually less than 100 cases per year this order 
is combined with the pyrex order from other depart- 
ments on the campus in order to obtain the maximum 
discount allowed on 100-case orders. Similar pro- 
cedures are adopted in orders for mineral acids. All 
bids are to be F. O. B. State College and include the 
return freight on empty acid containers in carload lots. 
This amounts to a considerable saving each year. 

The chemical and laboratory supply lists are compiled 
and sent out for bids which are also to be bid F. O. B. 
State College. After careful review to see that the 
various items correspond to specifications, the order 
is placed with the successful bidder. We prefer to 
give the order to the lowest bidder who can furnish all 
items requested. Sometimes it is advantageous to split 
an order but is seldom done at our institution. 

When supplies arrive they are carefully checked 
against the orders for breakage, quantity, and specifica- 
tions. They are then dated and placed in stock. From 
the invoices, entries are made on the inventory cards. 
Considerable savings are realized when the major 
annual needs are purchased at one time. 

However, our research program necessitates the 
placing of orders for new and exhausted items through- 
out the year. When these items are entered on the 
inventory cards a notation is made regarding the individ- 
ual who requested the particular item. This entry 
makes it possible to locate the item at any future date. 
An item thus marked is not taken into account when 
taking an inventory or making out future orders. 

Chemicals and laboratory supplies used in a particu- 
lar course are recorded on a card and charged against 
the course. To this is added student breakage. With 
this information we are able to determine the laboratory 
costs of each course. Chemicals and laboratory sup- 
plies used by research staff members and graduate 
students are also recorded on individual cards. At the 
end of the year all cards are totaled. This information 
is used for budget purposes and gives us a fairly accu- 
rate idea as to the cost of each research project. 

I might add, in closing, that the student fee system 
has been changed during the past year. All students in 
the college pay a fixed laboratory fee which goes into a 
special fund. This fund is allotted to departments on 
the basis of departmental estimates for the fiscal year. 
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PURCHASE AND STOCKING OF LABORATORY 
GLASSWARE 


Waar does the meaning of the title of this paper im- 
ply to you? To me it implies a service organization. 
A service organization again implies, whether it be a 
college or university or an industrial organization, that 
it assumes the responsibility of seeing that the flow of 
supplies in and out, with storage facilities for the interim 
period, is maintained. All of the activity centered 
around procurement, storage, and issue of supplies is 
based upon adequate record keeping, and the ideal is, 
of course, to have sufficient stock at all times and not 
to have dead stock on hand. 

First of all, we would like to give a bit of background 
as to our distribution system. When World War I cut 
off our glass import from Germany, it was necessary for 
a manufacturer of glass in the United States to produce 
a good heat-resistant glass. Corning research made 
“pyrex” brand glasses available to the chemists of our 
country, but at the time there was no means of market- 
ing this item until the laboratory supply houses ap- 
proached Corning with a view toward handling our 
ware. Dealerships were authorized and the flow of 
beakers, flasks, and test tubes, etc., began to the ulti- 
mate user. We felt at that time, and still feel, that the 
method of distribution through a recognized laboratory 
supply house is the logical way of distributing our prod- 
ucts. This is due to a variety of reasons, but the pri- 
mary one is the fact that. all of the requirements of the 
laboratory may be obtained through the laboratory 
supply house. This means not only glassware, but 
chemicals, apparatus, instruments, etc. Therefore, 
with this tie-up, the laboratory supply houses became 
the buffers between manufacturing and the ultimate 
user. We, as a concern manufacturing thousands of 
items, cannot keep all of them in stock, due to manu- 
facturing difficulties. The laboratory supply houses 
perform this service; they balance out their stocks 
to the point where, ordinarily speaking, they have 
enough stock to carry from one run of an item to the 
next one, possibly anywhere from two to four months 
later. This service is invaluable to the chemist in 
carrying out his work. Our policy with dealers sug- 
gests that they carry a four-month stock—they are 
paid to do this service of storage, handling, advertising, 
and cataloguing. Further, your laboratory supply 
dealer renders technical service. The important func- 
tion, however, is to carry a good stock, to give you the 
service you require. ‘ 

Let us take the First portion of the title “Purchasing” 
and what responsibility a buyer has under a procure- 
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ment schedule. Ordinarily speaking, a buyer will take 
into account in purchasing laboratory supplies quality 
of ware, delivery, and satisfactory price. If a bidding 
agency meets all the requirements, then that agency is 
awarded an order covering a bid list. After an order is 
awarded to an agency it then becomes a responsibility 
of the procurement agency to see that the flow of 
materials comes into his organization, as set forth in the 
bidding agency’s bid. Through experience, the buyer 
knows the supply houses that carry balanced stocks, as 
well as those which do not. The buyer who awards 
contracts to supply houses in the latter category must 
anticipate his needs further in advance to meet require- 
ment dates. While bid lists are far the most popular 
method of obtaining supplies, they also involve a 
tremendous amount of detail work for yourself and all 
concerned. If, for example, bids are sent to six or 
more laboratory supply houses these bids must all be 
tabulated for the above delivery schedule, quality, and 
satisfactory price. Oftentimes, however—and it occurs 
no matter how efficient the service organization is— 
urgent requests come in from the staff of the college or 
university for immediate procurement of an item. 
Generally speaking, this type of request is not sent out 
on bid, but is entirely contingent upon delivery, pro- 
viding quality of the ware is uniform. 

Our representatives, on their calls to colleges and uni- 
versities, point out the importance of standardization 
of glassware as much as possible. Standardization 
becomes particularly important where it means a dif- 
ference in a discount. The quality of glassware bal- 
anced to meet the needs of any chemist must, of neces- 
sity, tie in with any procurement program. 

While we have been talking in general terms, let us 
take a look at the problem on hand concerned with 
laboratory glassware buying. We must deal, as far as 
experience is concerned, entirely with the items fur- 
nished by the Corning Glass Works. Glassware re- 
quirement lists are usually made up by the storeroom 
keeper with the help of the teaching staff or, in the case 
of a smaller school, by the head of the chemistry de- 
partment. These lists usually state what their require- 
ments will be for any forthcoming period. Here again, 
in the case of a larger university, it may run for only a 
month, and in case of a smaller school, it may run for 
the entire year. Before domestic manufacturers of 
glassware came into the picture after World War I it 
was necessary for all schools to place their orders in the 
spring for fall delivery due to import time from Europe. 


393 





394 


As noted above, you can see that this is a problem no 
longer. To aid the procurement officer Corning has 
done everything possible to suggest an advantageous dis- 
count buying schedule. In our catalogue “net price 
each” prices are taken as “list”? for computation of 
consumer discounts as follows: 


Less than one case 

1 to 19 assorted cases 

20 to 49 assorted cases 

50 to 99 assorted cases 
100 or more assorted cases 


List less 10% 

List less 10 and 5% 
List less 10 and 10% 
List less 10 and 15% 


Consequently, our traveling representatives, as they 
contact various universities and colleges, urge the buyers 
wherever possible to buy in at least full-case lots and, 
where multiples of cases are purchased, to attempt to 
reach the additional discount in the 20-, 50-, or 100- 
case bracket. By simple arithmetic, it is not difficult to 
determine what the savings would be over a period of 
time when more than 100 cases of ware are purchased 
per year. To further ease the procurement problem 
we have made considerable progress in cutting down 
the size of our individual packages. Several years ago 
the size of many standard packages was large, cumber- 
some to handle, and often it was difficult for the smaller 
school to utilize all the pieces in that particular case in 
less than two or three years. With the advent of a 
smaller package, practically no school has to hold an 
item more than a year to completely utilize it. To illus- 
trate this point, in the early 30’s we packed the 250-ml. 
filtering flask 96 per case—today they are packed 36 
per case; 50-ml. Claissen flasks at that time were 
packed 48 to the case—today 24; volumetric flasks 
formerly packed 72 per case have now been reduced to 
12 pieces per case; condensers were 24 per case—now 
6 per case. This list could be endless, but these few 
items illustrate the point that the reduction of case 
size has made it possible for a large number of users to 
take advantage of multiple case discounts. 

With such a close tie-up between procurement, 
stocking of a storeroom, storeroom keeping an inven- 
tory, one must necessarily overlap into the other. As 
I pointed out earlier, accurate record-keeping is an 
essential that no school can do without. Most of the 
large universities have set up perpetual inventory 
cards covering each item that their storeroom handles. 
Inventory cards can be simple or complex, but they 
must contain information relative to procurement and 
rate of issue from stock. Experience as to what eachindi- 
vidual laboratory may require throughout a period of time 
can be gleaned from these cards. ‘As the cards indicate 
an item is moving fast or slow, or that an item was 
over- or underbought, procurement can be adjusted to 
a reasonable level to insure adequate stocking, but not 
overstocking. We have been concerned up to this 
time with procurement of your glassware needs and 
have mentioned practically nothing about the actual 
storing of materials, though I have mentioned that we 
have done everything possible to reduce package sizes 
for convenience of handling as well as issue. As a rule, 
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materials flow through a receiving room into the storage 
area. Most frequently, bulk storage is adjacent to 
bin-type storage, though I have seen many successful 
examples where the bulk storage area is quite a bit 
removed from the bin storage areas. However, having 
bulk storage next to the shelves, the matter of replen- 
ishing shelves becomes that much less cumbersome. 
Oftentimes, the storeroom keeper may utilize the top 
of his shelves to handle his bulk storage. This is an 
excellent idea as it cuts down on wasted space, in addi- 
tion to making it convenient for the replenishment of the 
loose stock. Both ideas are good, due to the fact that 
they cut down wasteful hauling from one area to an- 
other. The actual type of shelf can be left up to the 
individual, but we do recommend strongly that the 
manufacturers’ catalogue number be used wherever 
possible in setting up individual bins. By specifying 
manufacturers’ catalogue numbers, the work is simpli- 
fied for many concerns. One catalogue is used for 
marking cards and bins, for setting up requisitions and, 
further, is used by the procurement officer. Manu- 
facturers’ catalogues are universally used by the labora- 
tory supply houses and, consequently, do not present a 
problem as far as transposition of numbers is concerned 
from one supply house to another. 

Again covering what we have done to make package 
sizes smaller for ease in handling and using, we have 
carried this idea further with respect to making shelf 
packages of convenient size to fit into the outside 
shipping carton. This idea has been carried into beak- 
ers, flasks, thistle tubes, test tubes, and a number of 
other items. For example, a standard package of 120 
beakers of 250-ml capacity contains 10 shelf packages, 
each containing a dozen beakers. We plan to continue 
to do more work in the packaging line for the cus- 
tomer’s convenience. This method of pack facilitates 
handling of glassware when setting up shelf stock, and 
further, keeps the glassware clean until it is used by the 
chemist, with the added advantage of cutting down 
breakage. As you will all remember, all beakers and 
flasks were formerly wrapped in tissue paper and then 
packed in excelsior in an outside carton. As a result a 
great deal of excelsior was left lying around on the 
stockroom floor when an original package was opened, 
and created quite a problem as far as cleanliness was 
involved. Further, the beakers or flasks sat on a shelf 
for a period of time and collected dust, giving the glass- 
ware a dirty appearance when it wasissued to thechemist. 
I am sure you will all agree that the new method of pack 
is a worth-while stride in the right direction. How- 
ever, all this program has not been completed, but the 
new pack on common, fast-moving items should be 
completed this year. 

The problem of inventory of “‘pyrex’’ brand glassware 
can oftentimes become quite tedious and involved. 
Again from experience, most schools prepare mimeo- 
graph lists of items that are a permanent part of the 
student’s locker while he is taking general, quantita- 
tive, qualitative, organic, physical chemistry, etc. 
Either at the end of a semester or at the end of the 
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school term, an inventory of the student’s locker is 
taken indicating what is short, over, and the amounts 
tallied as to what is needed to refurnish the student’s 
desk. This obviously is correlated wich a physical 
inventory of items not only in loose bin shelves, but 
also in the bulk storage area, and again tallying this 
against the rate of issue and amount of issue determines 


what the procurement program will be for whatever 


period is set up on the buying schedule. I will not 
attempt to set up any recommendations on the method 
of student’s charge-out. This has been done in several 
different ways, and as long as proper charges are made, 
it is believed that that is all that is necessary. 

I would like to say a word about the efficiency of a 
central storeroom system. Some large universities and 
medium size universities have set up a central stores 
group to handle sciences, and in other cases, not only 
handle sciences, but also storage and issue of supplies 
of all categories. The one big advantage we see in the 
central storeroom is that it combines all items for pro- 
curement of a common nature. In other words, under 
this plan more than under any other plan, buying is 
done with best discount rates. For example, bacter- 
iology may buy separately from chemistry in some 
schools, and the same is true with botany, biology, etc., 
who individually do not obtain the 100-case price, but 


collectively do; chemistry usually dominates this group 
and is the heaviest user of laboratory glassware. Under 
a central storeroom setup, all departments, including 
chemistry, go to this storeroom for their supplies. 
Other schools have designated their chemistry store- 
room as the central storeroom only, however, with 
respect to scientific materials. This is also an efficient 
method of operation, due to the fact, again, that orders 
can be combined to obtain a maximum discount. 
Maximum discount rates today are increasingly im- 
portant in the face of fixed budgets. 

In closing, I would like to recommend the following: 

(1) Standardize as much as possible on glassware re- 
quirements. A balanced glass toward thermal shock, 
chemical resistance, and mechanical breakage is needed 
to fulfill all the requirements of all chemists. 

(2) Purchase your glassware requirements in multiple 
case quantities to obtain the maximum discount. 

(3) Specify manufacturers’ catalogue numbers wher- 
ever possible to avoid any misunderstanding as to what 
is needed. 

(4) Order all your needed supplies through your lab- 
oratory supply dealer who can fill all of your needs, 
rather than skipping from one supplier to another to 
obtain not only standard items but items of special 
manufacture. 





THE PERPETUAL INVENTORY IN CHEMISTRY 
STOCKROOM MANAGEMENT 


Up TO some ten or twelve years ago most chemistry 
department stockrooms were kept on a yearly inventory 
basis. The purchases were duly recorded and at the 
end of the year a physical count of the inventory, ad- 
justments for stock used and paid for were made. 
The new year began with actual supplies on hand as 
counted. Prices charged were settled by as good a guess 
as possible from the purchase price, usually employing 
an apparatus supply house catalog as basis. The 
departments made their own purchases and, as prices 
were fairly steady, the stockroom manager had few 
complaints. With the centralization of all university 
buying into a purchasing office, the arrival of Govern- 
ment contracts requiring careful auditing, the increase 
in prices, and multiplication of competing supply 
houses, the picture altered considerably. University 
auditors began to insist on careful cost accounting 
which necessitated a perpetual inventory system, in 
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accordance with approved merchandising procedure 
even if no chemical stockroom manager can possibly 
pretend to merchandising intent. The auditors insist 
that although no profit be made this is the only system 
by which they can tell with any degree of accuracy just 
how allotted funds are spent. 

Perpetual Inventory. A perpetual inventory is an 
accounting device by which a record of stock on hand, 
quantities, cost, and selling price is ideally kept from 
day to day so that the situation is known at any time 
by a mere glance at the record. Orders can then be 
placed as needed so as to keep the inventory as nearly 
constant as possible. 

Record Cards. These records are kept on cards, one 
card for every item in stock. The cards are of a stand- 
ard commercial type and not specially made. On 
one side they have spaces for date, vendor from whom 
purchases are made, order number, quantity, date of 
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delivery, quantity delivered, invoice amount, unit cost, 
and selling price. This is the side from which the aver- 
age cost price per unit is moved up or down as needed— 
a very necessary function where prices are rapidly 
fluctuating. This cost price is determined by averaging 
the cost of the latest shipment with the cost of that on 
hand. The average is termed “The Moving Average” 
and from it the selling price is determined, usually 
employing the latest catalogue price of a commercial 


supply house. 
The other side of the card contains the description 
of the item—‘distilling flask,” , “desiccator,” “sul- 


furic acid,” etc., and the code number, then the quan- , 


tity on hand, which is altered as sales slips come in so 
that at any time the balance on hand is known. The 
unit of measure and selling price are recorded with suf- 
ficient space in this column to provide room for changes. 

Inventory Wheel. The cards are mounted on a large 
wheel. Each card has a colored tab, one color for 
chemicals and another color for apparatus. For a good 
sized laboratory, handling some 1300 undergraduates 
and graduates and about 172 research students per 
semester, plus some 500 summer session students, the 
inventory carries about 2000 chemical cards and 4000 
apparatus cards, each indicating a piece of apparatus or 
a chemical. 

Code Number. In order to avoid having to write out 
the long name of every item with every transaction a 
code number is assigned to each item. Apparatus, for 
example, is divided into 11 groups: glassware under G, 
electrical equipment under E, Pyrex ware under P, 
valuable metals (platinum) under V, etc. These letters 
are followed by four digits. The first two denote the 
item: beaker, bottle, flask. The last two, the speci- 
fication of the item: ‘125-cc. with lip,” “700-ce. 


wash.”” For example the code number denotes 
r 10 01 
P 1001 = Pyrex Beaker 125-cc. with lip 
4 11 02 
P 1102 = Pyrex Bottle 700-cc. wash 


The chemicals are divided into inorganic, I, and 
organic, O, with digits following them indicating chemi- 
cal and size of container. 

The coding of these items which simplifies enor- 
mously the mechanical work involved requires long 
training on the part of the clerks entrusted with the 
recording of the purchases. 

Continuous Counting. In order to check the cards 
against physical inventory it is necessary to keep one 
clerk doing physical count of selected items, so that 
discrepancies can be detected and embarrassment 
avoided when auditors make a selected spot check at 
the end of the year. Despite the best care taken dis- 
crepancies occur, but on the whole they are not large 
and are taken care of through a profit-and-loss account 
termed the Inventory Reserve. 

Inventory Reserve. Since Inventory buys at whole- 
sale and sells at catalogue prices there is a book profit 
at the end of the year. Part of this is kept as a reserve 
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against which to charge discrepancies and write off 
obsolete apparatus or deteriorated chemicals. The 
other part is turned into the University funds, thence 
to the Laboratory Costs account mentioned below. 

Laboratory Costs Account. It is not necessary to 
carry a large inventory nor an inventory of rarer chemi- 
cals and pieces of apparatus which are little used. To 
supply these a Laboratory Costs account has been set 
up with an annual budget chargeable to the University 
general funds. Against this account are charged all 
purchases of rarer chemicals and apparatus, salaries 
of clerical help, shop mechanics and glassblower salaries, 
minor repairs and installations. This account is also 
used to carry charges against the students for certain 
articles of equipment which they are required to have 
but which are not returnable. These are termed ‘‘X” 
items. They include such articles as sponges, goggles 
(which cannot be resissued under the New York sanitary 
code), soap, aprons, files, matches, etc. The nonre- 
turnable articles once withdrawn from inventory cannot 
be considered as loans as are other forms of apparatus 
which are taken back if in good condition and for which 
the student’s account is credited. Since the student 
bills are not paid until the course is over, these accounts 
must be visibly charged somewhere, hence the ‘“X” 
items chargeable to Laboratory Costs account. At the 
end of each term the Bursar collects from the student 
and reimburses the Laboratory Costs account for the 
price of the ‘‘X”’ items. 

The Student and the Inventory Account. At the begin- 
ning of each term the student is charged on an account 
card which is handed to him at the first laboratory ses- 
sion with a set of apparatus and reagents which are 
made up in advance and placed in every laboratory 
desk. These sets are called “kits.” The kits are 
carried as units in the perpetual inventory and vary 
in content and price with the nature of the course. 
The value of each kit determines the amount of break- 
age deposit that must be made with the Bursar when 
the student registers for the course. These deposits 
vary from $8, for the elementary courses, to $30 or $40 
for courses in advanced organic which require special 
apparatus. At the beginning of the term the student 
checks the apparatus in his desk against the list fur- 
nished him and if there are any discrepancies, or appara- 
tus is damaged, he reports to the assistant who sees to 
it that the stockroom makes good. At the end of the 
term the student cleans his apparatus and reagent bot- 
tles and the assistant checks the set and makes the stu- 
dent replace missing or damaged articles by purchasing 
from the stockroom. The apparatus, if in good con- 
dition, is then placed back in the kit item of inventory. 
Students are not charged for ordinary chemicals and 
solutions. These are paid for to inventory by the 
Laboratory Costs account. 

The student’s breakage deposit is charged by the 
Bursar with the items that were lost or damaged and 
inventory account credited with the amount. The 
student is then dealing directly with the inventory ac- 
count. This necessitates recording an enormous num- 
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ber of transactions which must be entered on the per- 
petual inventory wheel. 


Partial Perpetual Inventory System. The Perpetual 
Inventory System was tried at Columbia for some six 
years and was found to be cumbersome and expensive. 
There was no particular object in keeping track of trans- 
actions of very small and very active stock when the 
cost of the labor involved more than used up any pos- 
sible economy and did not justify itself as a safeguard. 
After much argument with auditors it was finclly de- 
cided that the kits and the dispensing stockrooms (the 
selling units) would not be kept on the perpetual inven- 
tory account but removed to a special account at the 
beginning of each academic year and returned at the 
close to the inventory account. The kits and the stock 
in the dispensing room were physically counted and 
placed on the special account and these will be physically 
counted and returned to inventory at the end of the 
year; discrepancies will be made up by the Laboratory 
Costs account. It might be objected that the Labora- 
tory Costs account should be debited with the cost of 
stockroom stock and of the kits, since it is an active 
account with a yearly appropriation, but the cost of the 
stock in the dispensing rooms was far larger than the 
appropriation of the Laboratory Costs account, which 
would have been wiped out before it began operating. 
This would have necessitated deficit financing during 
the year, which, to be sure, would have been only a 
bookkeeping transaction but difficult to explain to a 
board of trustees. This plan then, keeps the advantages 
of the perpetual inventory which permits determining 
on short notice the actual status of the main stock and 
does away with the cumbersome detail and expense of 
following the course of a large number of small trans- 
actions. The size of stock in the dispensing room is de- 
termined from experience over the years and the stock- 
room can always draw on the inventory when supplies 
become depleted. A perpetual inventory is kept only 
of the main stock in unbroken containers and the stock- 
rooms are considered as an item in the total inventory. 


Necessity of Perpetual Inventory. Of course, a Uni- 
versity located in a large city with chemical and ap- 
paratus supply houses within easy call need not main- 
tain a large inventory, but neither can it live from hand 
to mouth for its teaching needs. Not only must a cer- 
tain level of supply be maintained but sight must not 
be lost of the fact that large orders are bound to lower 
costs and that time is necessary for the central purchas- 
ing office of the University to ask for and consider bids 
from suppliers. A number of small orders made in a 
hurry is an expensive way to spend the University’s 
money and one must also guard against contingencies 
such as a transportation strike, which can paralyze de- 
liveries and laboratory courses unless the management 
has looked ahead and maintained sufficient stocks to 
carry on for a while. It is particularly for such teasons 
that the perpetual inventory, at least in a modified 
form, can be of service not only to the accounting de- 
partment but also to the laboratory management. 
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In these days of Government-financed projects, 
where the Government auditors insist on accurate cost- 
keeping methods, such a system is of great value in 
arriving at supply costs, which must be definitely 
proved before payment is made. In passing, and in 
somewhat of a diversion from the present subject, it 
may be said that the selling of supplies at cost to Gov- 
ernment contracts leads to some anomalies. In a rising 
market, as we have had for the last seven years, the 
University has to replace at much higher cost than it 
sold to the Government, despite the moving average. 
It remains to be seen whether in a falling market the 
Government auditors will be content to approve higher 
prices than current markets. It has been proposed, 
though not yet accepted, that replacement costs be the 
ones to be written into the Government contract. 

There are necessarily some variations in these cost- 
keeping systems. For example, the platinum inven- 
tory is kept separate, though part of the perpetual in- 
ventory. Although it is dispensed by the stockroom, 
platinum is kept as a particularly accurate part of the 
perpetual inventory and because of its great value care- 
ful track is kept of its various items. It is not classified 
under “electrodes,’’ ‘crucibles,’ “dishes,’’ but all 
under “Platinum” with subdivisions according to uses. 

Another variation is related to “perishable” items 
such as ice and dry ice which are carried as ‘‘X’’ items 
and handled by the Laboratory Costs account. The 
student draws from the Laboratory Costs account and 
is charged with the amount on his half-yearly bill by 
the Bursar who on collecting his bill credits Laboratory 
Costs just as any other item. 

The Machine Shop with its salaries, inventory, and 
labor cost account is also carried on a separate account 
in the Laboratory Costs setup. The physical inventory 
is rather small and charges against it are on a par with 
the kits—small in value but numerous. The inventory 
is checked yearly. It is contemplated to enlarge this 
inventory. With the widespread use of electronic ap- 
paratus and a large number of parts which are needed to 
set them up we may before long be compelled to estab- 
lish a special section of the perpetual inventory to han- 
dle that type of equipment. 4 

The glassblower’s account is almost entirely con- 
cerned with labor costs. It draws all the material 
needed from the general inventory and by special orders 
on supply houses chargeable to Laboratory Costs, and 
submits statements of materials and labor needed to 
make up pieces of apparatus as ordered. These ave 
billed to the purchasers through the Bursar and when 
paid are credited to the Laboratory Costs account. 

There are many other departments of the University 
which do not require large enough supplies to justify 
a stockroom of their own and these purchase from our 
inventory, machine shop, and glassblower accounts. 
They open accounts and have materials charged to 
them very much as a student does, paying Inventory or 
Laboratory Costs from their own departmental appro- 
priations. 

Personnel. The personnel required to keep this sys- 





tem going amounts under the modified setup to four 
clerks under a head bookkeeper and ten stockroom 
clerks. 

This paper does not pretend to describe the complete 
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setup of a chemistry-stores accounting and billing sys- 
tem but only the particular phase of it which concerns 
the cost keeping and the problems that arise between 
the management and the University auditors. 





A NEW FRIEDEL-CRAFTS SYNTHESIS FOR 
THE BEGINNING STUDENT 


In sprre of the tremendous use of anhydrous alumi- 
num chloride in organic chemistry,! the well-known 
laboratory manuals for an elementary course offer a 
rather small number of alternative illustrations of the 
Friedel-Crafts synthesis. Thus, one is largely limited 
to diphenylmethane, ethylbenzene, cymene, cumene, 
and the butyl benzenes as examples of hydrocarbon 
syntheses or acetophenone, benzophenone, or ortho- 
benzoylbenzoic acid as examples of ketone syntheses, 
or triphenylmethy] chloride. These preparations usu- 
ally involve more than one laboratory period, and a 
few involve vacuum or fractional distillation. 

In connection with the teaching of a course in ele- 
mentary organic chemistry designed primarily for home 
economics and agriculture students, it was desirable 
to devise a simple example of the important Friedel- 
Crafts reaction which might be carried out by a begin- 
ning student in one two-hour laboratory period. 

The alkylation of phenol with tertiary butyl chloride 
has been found to satisfy all of the desired requirements. 
The reaction may be carried out in an Erlenmeyer 
flask, is complete in twenty to thirty minutes at room 
temperature, and gives visual evidence of completion. 
The product is readily purified by recrystallization to 
yield a beautifully crystalline, relatively nonhygroscopic 
material in nearly quantitative yields. 


OH OH 


: oe 
O +cH-t-g 
da, 


ne + HCl 
A general discussion of the salient points connected 


Cc 
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1 Tuomas, C, A., “Anhydrous Aluminum Chloride in Organic 
Chemistry,” Reinhold Publishing Corporation, New York, 1941. 

? This is the total fare gleaned from thirteen well-known lab- 
oratory manuals, 
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with this experiment is pertinent before giving the 
experimental procedure in detail. The starting mate- 
rials are readily available and inexpensive, the tertiary 
butyl chloride frequently having been prepared by the 
students themselves, earlier in the term. The use of 
the product: as an antioxidant and its manufacture on 
a commercial scale may be pointed out to the practically 
minded student. 

The materials are mixed (using a slight excess of the 
tertiary butyl chloride, as some of this volatile substance 
is lost with the evolved hydrogen chloride) and treated 
with a catalytic quantity of anhydrous aluminum chlor- 
ide. The flask may simply be placed in an efficient 
hood to remove the hydrogen chloride fumes, or a gas 
trap of the inverted funnel type may be used. Whereas 
the product melts at 99-100°C. and the starting mate- 
rials are a liquid and a low-melting solid, and since no 
solvent is used, the reaction mixture solidifies upon 
completion of the reaction. The need for careful 
weighing of the quantities of starting materials is there- 
fore evident, although it should be pointed out that 
only five failures to solidify were observed in a group of 
135 students, each performing the experiment for the 
first time. The solid cake of product is broken up with 
a spatula under water, filtered, pressed dry, and recrys- 
tallized from petroleum ether using a steam bath. 
Since no flames are necessary during, the experiment, 
there is little fire hazard during the recrystallization. 

The yield, even for the beginning student, is fre- 
quently over 90 per cent and in the hands of a graduate 
student this procedure consistently gave 95-98 per 
cent yields. The author believes that the lack of 
“good” reactions which give high yields is sometimes 
overemphasized in the laboratory classes in organic 
chemistry. There are many organic reactions which 
are nearly quantitative and this experiment calls 
attention to this fact.* 


3 The reaction under discussion, for example, has been shown 
to be quantitative at 40°C. even in the absence of aluminum 
chloride; see Hart, H., anp J. H. Stmons, J. Am. Chem. Soc., 
71, 345 (1949). 
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It should be noted, incidentally, that the procedure 
described below gives considerably better yields of 
para-tertiary-butyl phenol in a shorter time than the 
methods described in the literature.* It has been of 
considerable use, therefore, in preparing para-tertiary- 
butyl phenol for research purposes, using the identical 
procedure described below, but with 5-10 times the 
quantities. 


EXPERIMENTAL 


To 6.5 ml. (5.5 g.) of tertiary butyl chloride contained 
in a small, dry Erlenmeyer flask add 4.7 g. of phenol 
and stir until the phenol is all or nearly all dissolved. 
(Caution: Avoid any contact of phenol with the skin. 
In case of a burn, wash thoroughly with alcohol or 
dilute bromine water followed by an excess of water. 
Treat the burn with a satisfactory ointment.) The 
reaction flask is then placed in the hood. (Since the 


quantities used are small, an efficient hood will easily 
keep hydrogen chloride fumes from the laboratory. 
However, a gas trap of the usual inverted funnel type 
may be used, if thought desirable.) Add about 0.3- 





‘From p-t-butylbenzene sulfonic acid, see Fieser, L. F., 
“Experiments in Organic Chemistry,” 2nd ed., D. C. Heath and 
Company, New York, 1941, p. 182. From phenol, isobutyl 
alcohol, and zine chloride, see Lucas, H. J., anp D. Pressman, 
“Principles and Practice in Organic Chemistry,” John Wiley 
and Sons, New York, 1949, p. 398. 

From isobutyl- or ¢-butyl-phenyl ether, see Smrrx, R. A., J. 
Am. Chem. Soc., 55, 3718 (1933). 
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0.5 g. of anhydrous aluminum chloride, a few granules 
at a time. Hydrogen chloride gas evolution should 
start immediately. Add the aluminum chloride at 
such a rate as to maintain evolution of hydrogen chlor- 
ide without appreciable rise in temperature of the re- 
action mixture. (Should the reaction mixture become 
warm, cool the flask momentarily in a beaker of cold 
water.) Stir or shake the flask occasionally for a period 
of 20 to 30 minutes in order to expose new surfaces of 
the catalyst. At the end of this time, if the amounts 
of the reagents were carefully determined, the contents 
of the flask should solidify. 

When the contents of the flask have solidified, add 
25 ml. of water and break up the lumps with a spatula. 
The water should be acidic (litmus); if it is not, add 2 
ml. of concentrated hydrochloric acid. When all of 
the lumps have been broken up into a finely divided 
powder, filter the water from the solid, using a Biichner 
funnel. Press the solid as dry as possible and allow 
air to be drawn through it on the funnel for several 
minutes. 

Transfer the product to a 400-ml. beaker and add 
sufficient petroleum ether or ligroin (150-200 ml.) 
to just dissolve the solid when the solvent is boiling on a 
steam bath. Filter the hot solution rapidly through a 
Biichner funnel and cool the filtrate in an ice bath. 
White crystals of para-tertiary-butyl phenol should 
appeal/ Filter, dry, and weigh. The usual yield is 
6.9 to 7.3 g., m. p. 99°. Unlike phenol, the product 
is not highly hygroscopic in air. 





1950 COLLEGE CHEMISTRY TESTING PROGRAM 


THE COMMITTEE ON EXAMINATIONS AND Tests of the 
Division of Chemical Education desires to call the 
attention of college chemistry teachers to the 1950 
college Chemistry Testing Program which includes one 
examination in each of the following fields: General 
Chemistry, Quantitative Analysis, Qualitative Analy- 
sis, Organic Chemistry, Physical Chemistry, and Bio- 
chemistry. The tests provide a quick, reliable, and 
comprehensive measure of the core material of the 
respective courses. The results furnish an accurate 
index of student achievement when supplemented by 
the instructor’s own record. 

Form 1950, ACS Cooperative General Test, is a new 
form which has been tested in two try-out forms and 
which has been critically examined by many experi- 
enced college chemistry teachers. Form Z of the ACS 
Cooperative Chemistry Test in Qualitative Analysis and 
form Z of the ACS Biochemistry Test are also new 
forms. They are similar to the two previous forms but 
contain new items which have been carefully studied 


by the members of the subcommittees formulating 
them. Many teachers have contributed to these forms. 
Form Y of the ACS Cooperative Chemistry Test in 
Quantitative Analysis, Form Y of the ACS Organic 
Chemistry Test, and Form W of the ACS Cooperative 
Physical Chemistry Test will be available this year 
These tests are of proved worth in their fields. 

The Division of Chemical Education through the 
Committee on Examination and Tests cooperates with 
the Educational Testing Service in the construction and 
publication of the various forms. Tests should be 
ordered from the Educational Testing Service. Addi- 
tional information can be received from the Educational 
Testing Service, 15 Amsterdam Avenue, New York 23, 
New York. 

Norms are available for all tests that were adminis- 
tered last year. These norms will be sent to participants 
with the orders for the tests. For the new tests, norms 
will be sent to participants soon after the returns are 
analyzed by the Educational Testing Service. 


i hal 


/ 





Blow Torch 


A new handy gun-grip blow torch that 
operates at any angle is now available 
from the Arthur S. La Pine & Company, 
121 W. Hubbard Street, Chicago 10, 
Illinois. The heat generated is over 
2700°F.; enough for light brazing and 
silver soldering. Practical applications 
for the laboratory include: quick super- 
heating for all purposes; glass work; 
equipment repair, and many other uses. 





Bulletins 


A new four-page folder describing recent 
improvements made in the Gram-atic 
Balance is available from Fisher Scientific 
Co., 717 Forbes Street, Pittsburgh 19, 
Pennsylvania. The balance is of the 
one-pan type, and permits accurate an- 
alytical weighings to the fourth decimal 
place in 20 seconds. 

Barnstead Still and Sterilizer Co., 2 
Lanesville Terrace, Forest Hills, Boston 
31, Massachusetts, has published a new 
catalogue on Demineralizers for pure water 
at low cost. 

‘Aids to Visual Education,” is the name 
of a bulletin by the Stanley Bowmar Co., 
513 West 166th St., New York 32, New 
York. 

Three hundred and thirteen technical 
documents, most of them avilable to the 
American public for the first time, are 
listed in the current issue of the “Bibli- 
ography of Technical Reports,” now avail- 
able from the Office of Technical Services 
of the U. S. Department of Commerce, 
Washington 25, D. C. 

A general survey entitled, ‘“Radipiso- 





topes,”’ has been published by The Kellex 
Corporation, 233 Broadway, New York 
City. 


Fluoretor 


Analysis of chemical, mineral, or other 
samples under ultraviolet light can be ac- 
complished in broad daylight with the new 
Fluoretor Black-Light Source. The com- 
plete unit weighs less than two pounds, 
making it ideal for use in the field or 
plant. Further information can be sup- 
plied by Menlo Research Laboratory, 
Box 522, Menlo Park, California. 


Monochromator and 
Spectrometer 


One instrument which now makes pos- 
sible spectroscopic analyses in any region 
of the ultraviolet, visible, and infrared 
ranges of the spectrum between 0.2 and 
35.0 microns, has been announced by 
Farrand Optical Co., Inc., Bronx Blvd. 
and East 238th St., New York City. 

The optical system comprises a double 
monochromator; thus scattered radia- 
tions are reduced to a negligible magni- 
tude. Higher spectral purity, greater 
resolution, and isolation of narrower wave 
bands are attained. 


Ultrasonics for Cleaning 


In tests at the General Electric General 
Engineering and Consulting Laboratory, 
small metal parts were cleaned of grime 
and grease in less than 10 seconds by ultra- 
sonics. Cleaning the parts by methods 
usually used would have required several 
separate operations and at least an hour’s 
time; thus, the new development can be 
extremely useful to industry in such proc- 
esses as cleaning tanks along production 
lines. 
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Viscosimeter 


A viscosimeter especially designed for 
the measurement of thixotropic, gel, or 
polymerizing substances has been an- 
nounced by the Emil Greiner Co., 20-26 
North Moore St., New York City. It is 
called the Potentiometric Viscosimeter 
and is an all-electrical device. 


Flow Interlock 


A flow interlock, a device for opening 
and closing an electrical contact by a flow 
of cold water has been announced by 
General Electric’s Control Divisions. In 
operation the device closes a contact when 
a flow of water exceeds a preset amount 
and opens it when the flow falls below the 
preset amount. Working on this prin- 
ciple, the device actually acts as a fuse in a 
circuit which depends upon water cooling 
for protection. 

The interlock can be used as a safety 
device in many other applications where 
it is desirable to actuate an electrical con- 
tact with a flow of water. It can be used 
in hot-water heaters, welding units, 
kitchen waste units, transformer cooling, 
induction heating, television luminaries, 
and water-cooled dynamometers. 


Photographic Film 


A photographic film that will work in 
arctic cold or tropical heat has been de- 
veloped by scientists at Armour Research 
Foundation of Illinois Institute of Tech- 
nology, 3300 South Federal St., Chicago, 
Illinois. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


CONFERENCE AT VENTURA 


On Apri 15, the Ventura, California, Junior College 
served in delightful style as host to the Southern Cali- 
fornia Junior College Association for the spring meeting. 
Principal feature of the afternoon session of the Physi- 
cal Science Section was a conference between junior 
college instructors and two faculty representatives of 
the University of California at Los Angeles. Professors 
Norman A. Watson, Physics, and G. Ross Robertson, 
Chemistry, appeared for the University. The main 
topic of discussion was the eligibility of students who 
had passed lower-division junior-college courses to pro- 
ceed with advanced work at the University. 

In the discussion of chemistry it was pointed out by 
Professor Robertson that the principal question as to 
adequacy of the junior-college work in elementary chem- 
istry under present-day conditions depends not so 


/ much on the qualifications of the teachers and labora- 


tories as on the average intellectual level of the students. 
Striking confirmation of this statement appears in the 
excellent records of students whose preparation for up- 
per division chemistry at the University was at Los 
Angeles City College, where the unusual policy had 
been followed of admitting to regular freshman chemis- 
try only those high-school graduates who had met the 
rigorous admission requirements of the State univer- 
sity. In was observed that parents, and the public in 
general, do not realize the importance of placing their 
sons and daughters with highly intelligent fellow stu- 
dents as well as with teachers of like competence. 

Discussion of freshman chemistry emphasized the 
University of California policy to stress quantitative 
and logical drill rather than survey material. Follow- 
ing the original lead of Hildebrand, Bray, and Latimer, 
the newer division of the University at Los Angeles 
carries out the drill policy even to greater extremes than 
at Berkeley. With but small opposition at the Ventura 
meeting, both junior-college and University representa- 
tives agreed that even the junior college should direct 
its attention to fundamental principles and thinking, 
not to applied chemistry. Professors Stone and Mc- 
Cullough at UCLA, in charge of “Chemistry 1A,’’ feel 
strongly that the beginner at the University should be 
introduced to good hard work at once, with continual 
necessity to think out problems and solve frequent 
“unknown” situations. It is thought that sugh rigor- 
ous drill, old-fashioned if you please, should be strictly 
maintained even though the treatment of plutonium, K 
and L shells, ete., be therefore somewhat curtailed. 


Preparation in quantitative analysis at smaller com- 
munity colleges appears to be adequate in the labora- 
tory, but not in the classroom. The University finds 
that the transfer student frequently has not had ade- 
quate theoretical study of such matters as acidimetric 
and oxidimetric titration graphs, calculations incident 
to completeness of precipitation, and electro-chemistry. 

In organic chemistry there was somewhat more con- 
flict of opinion. The new 10-credit year course in ele- 
mentary organic chemistry for chemistry majors, pre- 
scribed as minimum by the Committee on Professional 
Training of Chemists, seems to be in an uncertain posi- 
tion in the curriculum. The moot question is whether 
any or all of this course belongs in the lower division 
and thus in the junior college. The University staff at 
Los Angeles has ventured the provisional opinion, ap- 
proved by a few junior-college authorities but not yet 
thoroughly considered, that the first half of the 10- 
credit course may well be handled at the junior college, 
but that the second semester should be left to the Uni- 
versity. Supporting this view is the “library problem” 
work in the second semester at Los Angeles, requiring 
not only “Beilstein” but Berichte, Annalen, J. Chem. 
Soc., and other journals not available in the small com- 
munity colleges. A few junior-college executives do 
not agree, however, and offer a full 10-credit year course. 

It was recommended by Professor Robertson, with 
approval of his University colleagues, that the junior 
college attempt only the first half of the (professional) 
preparatory organic course, but in a 7- or 8-credit year 
program which would combine “terminal” objectives, 
including applied organic chemistry, with the equiva- 
lent of the 5-credit half-year University course Chemis- 
try 112A. Students from such a course should have 
satisfactory preparation for medicine, dentistry, agri- 
culture, etc., and at the same time would have made 
definite progress toward the B.S. in chemistry if such 
should eventually be the goal. ; 

Although no decision has been formulated, it is al- 
most certain that UCLA would not accept the whole 
10-credit organic course from a junior college as the sole 
program in organic chemistry for the 4-year curriculum 
leading to the B.S. degree. Certainly any student 
claiming that he had completed the minimum A.C.S. re- 
quirement would be required to demonstrate in a sub- 
stantial senior course, e. g., in advanced theory or in 
qualitative organic analysis, that his preparation was 
adequate. 
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MECHANISMS OF INORGANIC REACTIONS' 


Tue principles underlying the mechanisms of inor- 
ganic reactions can be conveniently illustrated by ex- 
amples taken from the chemistry of water solutions. 
It is true that the close proximity of molecules and ions 
in such systems gives rise to disturbances which are 
negligible in gas reactions at ordinary pressures. But 
means can usually be devised to by-pass such com- 
plications, or even through study of these to decide be- 
tween alternative reaction patterns. 

In 1879 Guldberg and Waage? evolved the present- 
day version of the general mass-action law, which ex- 
presses the velocity of the reaction, 


aA + BB + yC — products 


as k |A]* [B]® [C]’, where k is a constant. The ex- 
ponents employed in a paper by the same authors pub- 
lished in 1864 had no simple meaning.* All exponents 
were set equal to unity* in the version of 1867. In the 
years that followed, there accumulated a formidable 
array of experimental data which seemed to contradict 
the equation of 1879 except in the very simplest cases. 
As early as 1866, Harcourt and Esson‘ analyzed reaction 
rates by a method which is still frequently employed. 
Suppose that the chemical individuals A, B, and C 
react together at a rate not too slow or too fast for 
measurement. In the first two experiments, B and C 
are present in such large excess that any changes in 
their concentrations can be neglected, and two different 
initial concentrations of A are employed. Each reac- 
tion rate is expressed as —d [A]/dt, a decrease in the 
concentration of A divided by a corresponding increase 





1 Presented at a joint meeting of the New England Associa- 
tion of Chemistry Teachers, The Eastern Association of Physics 
Teachers, and the New England Biology Teachers Association at 
Northeastern University, Boston, Massachusetts, December 3, 
1949. 

*? GutpBerea, C. M., ano P. Waaae, “Klassiker der Exakten 
Wissenschaften #104,”’ W. Engelmann, Leipzig, 1899. 

3 Tbid., pp. 134 and 180. 

a. ~~ anata A. V., anp W. Esson, J. Chem. Soc., 20, 460 
1 i 


GEORGE S. FORBES 
Northeastern University, Boston, Massachusetts 


in time. Suppose that —d[A],/dt:—d[A]:/dt = [A]: 
[A]e. We say that the reaction is first order with re- 
spect to A, and conclude that one molecule only of A 
reacts at a time. In the next two experiments, take A 
and C in great excess and vary [B]. The relation be- 
tween reaction rates, let us say, shows that the reac- 
tion is first order with respect. to B also. But in the 
last two experiments, with A and B in excess, we find, 
perhaps, that —d[C],/dt:—d[C]./dt = [C],?:[C).* 
The reaction is therefore second order with respect to 
C, and two molecules of C must react at a time. We 
summarize all these data by the equation 


Reaction velocity = k{A] [B] [C]? 


The reaction as a whole is fourth order, and must be 
written 


A + B + 2C — products 


The specific rate constant k becomes numerically | 
equal to the experimental reaction rate when each react- 
ant is present in unit concentration. In the customary 
units, for a reaction of nth order, k = d(moles/liter) X 
d(1/time) + (moles/liter)", so that k has the dimensions 
liter“—» seconds! moles“, 

If at room temperature a reaction is too fast or too 
slow for measurement, experiments can be carried out 
at a lower or at a higher temperature. Reactions still 
extremely rapid at the freezing point of the solvent are 
usually investigated by a flow method. Thus Shilov 
and Solodushenkov® measured the rate at which chlo- 
rine reacts with water by introducing the gas into a 
stream flowing rapidly through a long tube provided 
with pairs of electrodes at suitable intervals. The con- 
ductivity of the solution increased progressively as it 
moved along, due to formation of hydrogen and chloride § 
ions. By recalculation of the data J. C. Morris‘ 
showed that this reaction is better written 





5 Suttov, E. A., anp S. M. SoropusHenkov, Compt. rend. 
acad. sci. URSS, 3, 15 (1936). 
* Morais, J. CARRELL, J. Am. Chem. Soc., 68, 1692 (1946). 
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H,O = H+ + CH- 
Cl, + OH- = HCIO + Cl- 


than according to the traditional one-stage version 
H,0 + Cl, = HClO + H+ + Cl- 
At the other end of the velocity scale is the reaction: 
(C:H;):0 + H,O — 2C;H,OH 


Skrabal and Zahorka,’ working in a bomb at 55°, had 
to run some of their experiments as long as forty days, 
even in the presence of an acid catalyst. They calcu- 
lated that, at 25°C., 9 X 10"! years would have to pass 
before half of a given sample of ether was converted into 
alcohol in absence of any catalyst. 

If the reactants are nonelectrolytes, and if resulting 
concentration changes do not alter the medium very 
much, the method of Harcourt and Esson is quite de- 
pendable. When ions react, especially those with two 
or more charges, it is desirable to submerge charges in 
electronic environment by adding an excess of some 
inert electrolyte. 

Historically, as noted above, difficulties were for 
many years encountered in attempts to apply the equa- 
tion of Guldberg and Waage. Whenever the stoichio- 
metrical equation involved more than two molecules, 
the indicated order of reaction proved to be smaller than 
the total number of molecules on the left hand side. 
For instance, the reaction ordinarily written 


6Fe*? + ClO,— + 6H*+ — 6Fet* + Cl- + 3H,0 


was found to be first order with respect to each reactant; 
the over-all process was third order instead of thirteenth 
order. In 1895, however, A. A. Noyes® showed that, 
within certain concentration ranges at least, the velocity 
of reduction of ferric chloride by stannous chloride 
could be written 


—d[SnCl.]/dt = k[SnCl,][FeCl;]* 


an outcome which did much to revive confidence in the 
law of Guldberg and Waage. In the same year, Noyes” 
re-examined the reaction: 


BrO;~ + 61- + 6H*+ — Br~ + 31; + 3H;O0 


Ostwald had shown" that this reaction is first order 
with respect to bromate and to iodide. Noyes recalcu- 
lated the data of Magnanini!? and found that the reac- 
tion rate was proportional to the square of hydrogen ion 
concentration. Noyes concluded that at least two 
steps must be involved. The first step, relatively 
slow, he wrote as: 


BrO;~ + I- — BrO,~ + I0- 





7 SxraBat, A., anD A. ZanorKA, Monatsh. fiir Chemie, 63, 1 
(1933). 

8 Noygs, A. A., AnD R. 8. Wason, Z. physik. Chem., 22, 210 
(1897). 

° Noyvss, A. A., Z. physik. Chem., 16, 546 (1895). 

© Noyrss, A. A., Z. physik. Chem., 19, 602 (1895). 

| OsrwaLp, W., Z. physik. Chem., 2, 127 (1888). 

12 MaGNANINI, G., Gazz. chim. ttal., 20, 377 (1890). 
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The rate of this step, he said, must determine the rate of 
the over-all reaction because the speed of any subse- 
quent reactions would be limited by the available sup- 
ply of bromite and hypoiodite ions. He erroneously 
supposed that the action of the hydrogen ions was 
purely catalytic, but he established the idea of the rate- 
determining step, which is still indispensable in kinetic 
reasoning. In addition, it became evident that a dis- 
agreement between reaction order and the sum total of 
molecules appearing in the stoichiometrical equation 
was not in itself a contradiction of the general mass 
action law. Three years later, Judson and Walker™ 
improved upon Noyes’ mechanism. They studied the 
resection: 
BrO;~ + 5Br- + 6H*— 3Br; + 3H:0 
First, they showed that its rate was expressed by the 
equation: 
—d[BrO;~]/dt = k[BrO,~)[Br-][H*}? 
The reaction is fourth order, just like the bromate- 


iodide reaction. Next, they drew up a complete reac- 
tion scheme: 


(1) BrO;- + Br- + 2H+— HBrO + HBrO, “Measurable 
speed”’ 
(2) HBrO + Br- +H+ +Br 
(3) HBrO, + 3Br- + 3H+ — 2Br, 
BrO;— + 5Br- + 6H* — 3Br. 


+ H,O 
+ H,O 
+ 3H:O Main reaction 


Rapid reactions 





We must now go back to 1889, the date of a very im- 
portant paper of Arrhenius on the acid-catalyzed in- 
version of cane sugar. The rate increased by 12 per 
cent for each degree centigrade, although the rate of 
molecular collisions could not increase by anything like 
that amount, and the concentrations of hydrogen and 
chloride ions remained practically constant. Arrhenius 
concluded that the actual reactant was not ordinary 
sugar, but sugar molecules made active by absorption 
of heat energy. 

Ordinary sugar molecules + energy + water (7?) = 

active sugar molecules 
Their concentration, he said, must increase with tem- 
perature in accordance with the thermodynamic rela- 
tionships already established by van,’t Hoff, so that the 
inversion rate must increase to a corresponding extent. 

The modern “activated complex” or “transition 
state’’ is a development of these active sugar molecules 
of Arrhenius. A few of the collisions involving two or 
more molecules supply energy sufficient to alter inter- 
atomic distances and spatial arrangements in such @ 
way that the complex can break down to form either the 
original reactants or new products. Because this acti- 
vated complex is believed to be characteristic of chemi- 
cal change in general, its formation is assumed even 
when it is omitted from the equations. In terms of this 
theory, Judson and Walker’s reaction scheme would 
read: 





18 Jupson, W., anp J. W. Waker, J. Chem. Soc., 73, 410 
(1898). 
14 ARRHENIUS, S., Z. physik. Chem., 4, 233 (1889). 








(1) BrO,- + Br- + 2H+ = H.Br.0; Maintained 
equilibrium 

Rate-deter- 
(2) H,Br.0; ~ HBrO + HBrO, mining step 


(3) HBrO,. + H+ + Br- — 2HBrO ‘ e 
Rapid reactions 


(4) 3{HBrO + H+ + Br~-— Br, + H.0] 
BrO;- + 5Br- + 6H*+ > 3Bre oa 3H.0 





Main reaction 


The equilibrium (1) preceding the rate-determining 
step (2) is re-established just as fast as H-Br.O; decom- 
poses, so that a “steady state’’ prevails, and 


[H 2Br203 ] 


[BrOs~]([Br-][H* 12 = K, an equilibrium constant. 
3 





The rate at which bromine can be formed must de- 
pend on the concentration of the activated complex 
H.Br.O;, but this in turn is proportional to [BrO;—], to 
{Br-] and to [H*+]*. The over-all process, therefore, is 
necessarily fourth order, not twelfth order. The order 
of many other reactions is determined by an equilibrium 
maintained in advance of a rate-determining step, and 
this possibility should always be considered. 

A further principle illustrated by this scheme—and 
one widely applicable—is that reactions involving trans- 
fer of a single electron or of a single hydrogen atom are 
apt to occur more readily than those in which groups of 
two or more such units would have to be transferred. 
The successive oxidation levels of bromine are plus five 
for BrO;~, plus three for BrO.~, plus one for HBrO, 
zero for Bre, and minus one for Br-. 

Neither the formation nor the decomposition of 
H.Br.O; requires any actual transfer of two electrons at 
once. This feature adds greatly to the plausibility of 
the mechanism as a whole. 

Reactions between halogens and alkaline hydroxides 
are of great importance, and have been repeatedly in- 
vestigated. In neutral or slightly alkaline solutions, 
chlorate formation quite closely follows the rate law™® 


d[(ClO;~—]/dt = k{[HCIO}?[C1O—] 


as would be predicted by the mechanism: 





(1) 2Ck + 20H- = 2HCIO + 2Cl- Maintained 
(2) Ch +20H-2ClIO- +Cl-+H,0 equilibria 
(3) 2HCIO + ClO- + ClO;- + 2Cl-+2H*  Rate-deter- 
mining 
step 
(4) 2H+ + 20H-— 2H,0 Rapid 
3Cl + 60H-—CIO;- + 5CI- + 3H,0 


Main reaction 


In more strongly alkaline solutions, two hypochlorite 
ions first react to yield chlorite and chloride, then chlo- 
rite and hypochlorite ions react to yield chlorate. 


In 1903 Forster" studied the reaction: 
3I, + 60H- = I0;- + 51- + 3H.0 


In colorless solutions the rate law had to be written 





15 See, for instance, Forrstsr, F.,.P. Douicu, Z. Elektrochem., 
23, 137 (1917). 
16 Forster, E. L. C., J. Phys. Chem., 7, 640 (1903). 





JOURNAL OF CHEMICAL EDUCATION 





d{I0O;~ | 


, = }{I-] 
[OH~ } 
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Here we have a reaction accelerated by a product and 
retarded by one of the initial reactants! But a plausi- 
ble mechanism has been devised!”—” which predicts just 
these effects. 


(1) I + OH- = HIO + I- 


(2) 2HI0+I- 2HI,0+ 0H- Increase of [OH~] will 


diminish [HI;0] 


(3) HIO,; + H30 = 2H+ + 2I- + 
HIO, 


(4) Rapid reactions yielding iodate 


Rate-determining step 


If chlorine is added to a water solution of oxalic acid, 
carbon dioxide is evolved in accordance with the follow- 
ing scheme:” 


(1) H,C.0, @ H+ + HC,0,- 
(2) H,O 2 H+ + OH- 
(3) Ck + OH- HClO + Cl- 
(4) HC,0,- + HClO > 
H,O + CO. + Cl- 


H2C20, + Ch > 
2CO, + 2H* + 2Cl- 


Maintained equilibria 


Rate-determining step 





Main reaction 


It should be noted that most oxidations by halogens 
in water solution proceed through HXO, where X is a 
halogen atom. If now considerable hydrochloric acid 
is added to the above solution at the start, hydrogen ion 
inhibits the formation of both HC,0O,- and HClO, so 
that production of carbon dioxide is greatly retarded. 
But if a very dilute solution of ferrous sulfate is slowly 
added, evolution of carbon dioxide becomes quite rapid. 
We say that the reaction is induced by ferrous ion, ac- 
cording to the chain mechanism :?! 


(1) Fe?+ + Cl, — FeCl?* + Cl 
(2) HsC.0, 2 HC,0O,- + Ht 


Chain-initiating step 
Rapid equilibrium 


(3) HC,O,- + Cl— 
H+ + Ci- + C,0,- 
(4) C2O.- + Cle > \ Chain-carrying steps 
2CO, + Cl- + Cl : 





H.C20, + Cl, aneat 


2CO, + 2H+* + 2Cl- Main reaction 


If chlorine atoms reacted only according to step 3, a 
single ferrous ion could induce the oxidation of an un- 
limited quantity of oxalic acid. As it is, both of the 
chain carriers, chlorine atoms, and the unstable inter- 
mediate C,0,~— are readily removed by reaction with 
chlorine atoms: 


(5) C,0,-+ Cl ra wr 2+ Cl- 





17 SKRABAL, A., Monatsh. fiir Chem., 32, 167, 815 (1911). 

18 Bray, W.C., J. Am. Chem. Soc., 52, 3580 (1930). 

19 SkraBaL, A., Z. Elektrochem., 40, 232 (1934). 

20 See, for instance, GrirriTu, R. O., anp A. McKzown, Trans. 
Faraday Soc., 28, 518 (1932). 
*1 TauBE, H., J. Am. Chem. Soc., 68, 611 (1946). 
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The main reaction would then be halted by steps 5 and 
6 if small quantities of ferrous ion were not continually 
added to replace the chlorine atoms thus removed. 
With a certain very slow rate of addition, Taube found 
that more than two hundred molecules of oxalic were 
decomposed per ferrous ion added, so that the chain 
length exceeded one hundred. But when ferrous sulfate 
was added four times as fast, the chain length decreased 
to five because steps (5) and (6) depended upon the 
square of chloride atom concentration. 

When a reductant is added to colorless nitric acid, 
little happens until yellow nitrogen dioxide appears, 
after which the reaction often proceeds violently. Such 
observations suggest that the actual oxidant is a reduc- 
tion product of nitric acid which is rapidly regenerated 
until the nitric acid itself is exhausted. Abel?* suc- 
ceeded, where others had failed to solve this complicated 
problem, by maintaining a large constant pressure of 
nitric oxide in equilibrium with all their solutions. The 
decomposition rate of nitrous acid then followed the 
rate equation: 


—d{HNO,]/dt = ky [HNOz]*/p?no 
(1) 4HNO, @ N.O, + 2NO + 
2H,0 Maintained equilibrium 
(2) N2O, + H,O — ty + 





+ + NO;- Rate-determining step 
3HNO, ~ H+ + NO;- + 
2NO + H,O Main reaction 


The supply of N2O, available for the rate-determining 
step is thus proportional to [HNO:2]*, and inversely pro- 
portional to p*xo, as the rate equation requires. 

The rate of formation of nitrous acid followed the 
equation: 


d{HNO,]/dt = k,[H*][NO;~][HNO2] 
(la) H+ + NO;- + HNO; > 


N.0O, + H:O Rate-determining step 
(2a) N2O, + 2NO + 2H,0 — 
4HNO, Rapid 





H + NO;~ + 2NO + 


2H.0 — 3HNO, Main reaction 


Nitric oxide does not take part in either of the above 
rate-determining steps, but a large constant pressure of 
this gas stabilizes equilibrium (1) in a reproducible 
position, and makes reaction (2a) so rapid that it does 
not tend to become a rate determining step in its own 
right. 

Arsenous acid, which can form one oxidation product 
only, was selected as a reductant.2* The value of 
[HNO,] could always be calculated from the concentra- 
tion of unexpended nitric acid. At constant pyo: 


(1) 2(HNO; + 2NO + H,0 2 
3HNO:) 


Maintained equilibrium 
Very rapid 





22 ApeL, E., and co-workers, especially, Z. physik. Chem., 
132, 55, 64 (1928); 134, 279 (1928); 136, 135, 419, 420 61928). 

23 ApeL, E., H. Scumip, anp G. Weiss, Z. physik. Chem., 
147, 69 (1930). 
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Figure 1. The Reaction between Ferrous Ion and Nitric Acid 


(Azet, E., H. Scumrp, and F. Potuax, Monatsh far Chem., 68, 388 (1936)) 
(3) 3(N:0; + H;AsO; = 
H;AsOQ, + 2NO + 2H;0) 
2HNO; + 3H;As0O; aoa 
3H;AsQ, + 2NO + H,O 


The rate law which generalized all the data, in conform- 
ity with the above equations, was found to be 
—d[H;AsO;]/dt = k[H;AsO;)[H*]*/* [NO;~]*/* pwo‘/s 

Encouraged by this success, Abel studied the oxida- 
tion of ferrous ion by nitric acid.** The first complica- 
tion arose in the formation of the black addition product 
Fe(NO)?+, well known in the “ring test’’ for nitrates. 
In addition, they found that ferrous ion was oxidized in 
three parallel reactions. One part reacted directly with 
nitrous acid 


(1) Fe*+ + HNO, + H+ — Fe*+ + NO + H,0 


Rate-determining step 





Main reaction 


A second part entered into an equivalent reaction in- 
volving also hydrogen ion catalysis. A third part was 
oxidized by nitrogen dioxide 


(3) Fe?+ + NO. + H+ — Fe*+ + HNO, 





4 Anet, E., H. Scumip, anp F. Potxuax, Monatsh. fiir. Chem., 
68, 387 (1936); 69, 125 (1936). 
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Figure 2. The Reaction between Metallic Iron and Nitric Acid 
(Anzu, E., Trans. Faraday Soc., 40, 545 (1947)) 











These three parallel reactions, and the equilibria in- 
volving the several oxidation levels of nitrogen only, are 
correlated by Figure 1 which in turn suggests the 
formidable complexities of the necessary calculations. 

More bewildering still is the reaction between metal- 
lic iron and nitric acid. Figure 2 outlines the interplay 
of partial reactions which would be anticipated. Even 
Abel did not attempt a quantitative formulation.» 

The above discussions embody only a small part of 
the principles and expedients which are employed in 
% ABEL, E., Trans. Faraday Soc., 40, 544 (1944). 
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modern kinetic studies. This is a field where unwar- 
ranted hypotheses and flimsy reasoning are still too fre- 
quently in evidence. Only by constant checking with 
new experiments can interpretation of data be improved. 

The rate laws and the specific rate constants of inor- 
ganic and organic reactions will be found in compre- 
hensive tables to be issued in the near future by the 
Bureau of Standards for the National Research Council. 
The author of this paper, a collaborator on the project, 
is indebted to Dr. N. Thon, editor of these tables, for 
permission to use data in advance of formal publication. 


CHAINS 


® Necrology 


The Necrology Committee presented the following 
report recording the death of James Tiffany Leary. 

James Tiffany Leary, a member of the New England 
Association of Chemistry Teachers since 1946, passed 
away on April 25, 1949. He was a graduate of Yale 
Scientific School, Yale University, in the class of 1911. 
He received the degree of master of science at the 
Jefferson Medical College in 1914. 

His research and teaching experience were as fol- 
lows: 1911-12, Lederle Antitoxin Laboratories; 1913- 
14, Instructor in Chemistry, Jefferson Medical College, 
Philadelphia; 1914-25, Professor of Chemistry, Van- 
derbilt Medical and Dental College, Nashville, Ten- 
nessee; 1926-30, Research Chemist, Rubber Regen- 
erating Company, Naugatuck, Connecticut; since 
1940, Mr. Leary had been Teacher of Chemistry and 
Head of the Department at the Naugatuck High 
School. 

The Association is indebted to the Principal of the 
Naugatuck High School for the information about Mr. 
Leary. Upon motion, resolutions presented by the 
Committee on Mr. Leary were adopted. 

For the Twelfth Summer Conference Committee, 
Father Leo Daily, Chairman of Publicity, reported good 
progress on the winding up of plans. Preliminary 
notices will be mailed to the membership before the 
close of schools in June. Through the courtesy of 
Leslie A. Hallock, New England Representative of the 
W. M. Welch Manufacturing Company of Chicago, 
notices of the conference will be widely distributed 
among the teachers of science in New England. 

Upon motion, it was voted that the gratitude of the 
Association be expressed to the Connecticut Agricul- 
tural Experiment Station for the hospitality shown to 
its members on the occasion of this, its 255th meeting. 


The first lecture of the afternoon was by Hubert B. 
Vickery, Head of the Biochemistry Division at the 
Station. His paper, entitled, “Organic Acid Metab- 
olism in Leaves,” not only presented the properties of 
acids commonly and uncommonly found in leaves, but 
showed reactions by which their interconversion have 
been found to occur, and discussed their respiration. 

James G. Horsfall, Director of the Station, in a de- 
lightful and witty fashion, spoke of the services which 
the Station renders to the people of the State of Con- 
necticut. In the course of his remarks, he emphasized 
the value of pure research and showed how many 
apparently “impractical” research projects at the 
Station have led ultimately to intensely practical re- 
sults. Development of hybrid corn is an example of 
such a result, a direct end product of the work on plant 
genetics conducted over a period of many years at the 
Station. He concluded with a plea that teachers put 
more emphasis on developing real thinking ability 
along scientific lines in their students and that they 
place less value on mere verbal facility. 


* Financial Report of the Treasurer of the 
Eleventh Summer Conference 


Balance of Summer Conference Fund, 
| a_i ta pieces yee 
Monies taken in during 11th Conference 


$474.66 


$2152.75 
$1986.10 


$ 166.65 


i 


Expenses of 11th Conference........... 


MIN hig a esnp Foo o's 0 0.559 840 eee 
Balance of Summer Conference Fund, 
SEES 
Paid to NEACT Treasurer............... 





$641.31 
$141.31 


$500.00 
Respectfully submitted: 
Beatrice E. Gusazs, TREASURER 
8S. Waurzr Hoyt, Aupiror 
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To the editor: 


THE JOURNAL OF CHEMICAL EpvucatIon has often 
endeavored to undertake revision of chemical termi- 
nology and to propose, when necessary, a reform of wide- 
spread conceptions. May I therefore put up for discus- 
sion the following suggestion: that an old inaccuracy 
in common use be given up. I refer to the so-called 
“chemical equations.” Is an expression like Fe + S — 
FeS really an equation? I think it may be named more 
properly a formulation of a chemical reaction. Accord- 
ingly, we should distinguish between an incomplete 
formulation, e. g., Fe + H:O — Fe,O, + He and the 
complete (or perhaps balanced) formulation 3Fe+4H:,O 
— Fe;0, + 4H. Indeed the incorrectness of the term 
“chemical equation” has been felt for years and that 
feeling has been expressed by the replacement of the 
sign = by the arrow, —, now almost exclusively used in 
formulation of chemical reactions. 


B. ASHKENAZY 


HerzuiAH COLLEGE 
Tet-Aviv, IsRAEL 


To the Editor: 

Epple (Tuis JourNAL, 27, 107 (1950)) and McAlpine 
(ibid., 27, 108 (1949)) have shown how the calculation 
of the pH of a solution of NH,CN, given by Eisemann 
(ibid., 26, 607), can be greatly simplified. It seems to 
me that the calculation can be further simplified by the 
application of the Br¢énsted concept of acids and bases. 

Ammonium cyanide is a salt and, in solution, is 
completely dissociated, 


NH,CN — NH,* + CN- (1) 
to give equal concentrations of NH,*+ and of CN-. 
Ammonium ion is a weak acid, 

NH,t = NH; + Ht - (2) 
and cyanide ion is a weak base, reacting with hydrogen 
ion from NH,*, 

CN- + H+= HCN (3) 

Ionization constants (assuming zero ionic strength) 
for Equations 2 and 3 are 


[NH] [H*] 
[NH,*] 


1 Bates, R. G., anp G. D. Pincuine, J. Research Natl. Bureau 
Standards, 42, 426 (1949); Rreman, W., J. Neuss, anp B. Nar- 
MAN, “Quantitative Analysis,”” McGraw-Hill Book Co., New 
York, 1942, p. 437. 


= K'! = 5.5 X 107°! (4) 
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{H*] [CN~] 
[HCN] 


The product of Equation (4) by (5) is 
[H+]? [NH;} [(CN-} 


= K = 7.2 X 107 (5) 





NHTHCNT EX K=40x10-" (6) 


But 
[NH,*] = [CN-] 


since Reaction (2) and the reverse of Reaction (3) 
take place to so slight an extent, as shown by the values 
of K! and K", and therefore [NH,*] and [CN~] cancel 
in equation (6). Further, 


(NH;] = [HCN] 


since they are small and are formed to approximately 
the same extent, and can also be cancelled in (6). 
Finally, then 


[H+] = VK' X K" =6.3 x 10-" 


or, in general, for the salt of a weak acid (such as 
NH,*) and a weak base (such as CN~) 


[H+] = VK’ XK 
or 
pH = '/: (pK' + pK") 


where K"! is the constant for the weak acid and K" is 
the constant for the conjugate acid of the weak base. 

Where the constant for an acid such as NH,* is not 
known, it may be found from the basic constant,? K, 
and the constant, K,,, for water, 


ag 
Ke- ik ’ 


BARNET NAIMAN 
Tue City CoLLece or NEw YorK 
New York, NEw YorkK 


To the Editor: ° 

A very convenient and effective method for the pre- 
cipitation of the sulfides of Groups II and III was 
announced in Analytical Chemistry (21, 192 (1949)), by 
H. H. Barber and Edward Grzeskowiak. 

The publication was a model of brevity and accuracy. 
Because of the brief nature of the communication in 
which the announcement was made, many persons who 
could use the method may not be aware of its existence. 


2 Naman, B., Tuis JouRNAL, 25, 454 (1948). 
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We have tried the use of thioacetamide as a source of 
hydrogen sulfide in our semimicro qualitative analysis 
course and have found it most satisfactory. Successful 
precipitation of sulfides from solutions ranging in con- 
centration from 6 N hydrochloric acid to 6 N ammo- 
nium hydroxide have readily been accomplished. (By 
the addition of a slight excess of one molar solution of 
thioacetamide to the solution from which the sulfides 
are to be precipitated and subsequently heating the 
solution to the boiling point of water for a time of about 
five minutes.) According to a reference found in 
Beilstein, aqueous solutions of thioacetamide hydro- 
lyze to hydrogen sulfide, acetic acid, and ammonia. 

The following is a copy of the original article. 


THIOACETAMIDE IN PLACE OF GASEOUS HYDROGEN 
SULFIDE FOR THE PRECIPITATION OF INSOLUBLE 
SULFIDES 


Thioacetamide has been successfully used in place of gaseous 
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hydrogen sulfide in the development of new methods for qualita- 
tive analysis of cations of Groups IT and III. 

Thioacetamide does away almost entirely with the disagree- 
able odor associated with gaseous hydrogen sulfide. A water 
solution is added directly to the solution from which the cations 
are to be precipitated. 

Thioacetamide eliminates the use of hydrogen sulfide cylinders, 
generators, and other undesirable means of obtaining the gas. 

No great excess of thioacetamide is necessary. Nearly equiv- 
alent amounts of the organic sulfide and the cations will bring 
about complete precipitation of the insoluble metal sulfides. 

The hydrolysis of thioacetamide gives a relatively low concen- 
tration of the sulfide ion in solution, which favors the rapid co- 
agulation and filtration of the insoluble sulfides. 

The time required for the complete precipitation of the in- 
soluble sulfides by the use of thioacetamide is less than the over- 
all time required when gaseous hydrogen sulfide is used. 

Thioacetamide is an easily obtainable commercial product. 
The odor is not unpleasant. It is soluble in water, keeps well in 
solution, and per unit precipitation is less in cost than gaseous 
hydrogen sulfide. 

SAMUEL R. SCHOLES, JR. 

ALFRED UNIVERSITY 

ALFRED, New York 
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> HEAVY METAL PROSTHETIC GROUPS AND EN. 
ZYME ACTION 


Otto Warburg. Translated by Alexander Lawson. First 
edition. Oxford at the Clarendon Press, New York, 1949. xii + 
230 pp. 49 figs. 14 X 23cm. $3.75. 


Tue distinguished author presents in this volume essentially 
a summary of his and his collaborators’ work achieved over a 
period of more than twenty-five years. The first chapter deals 
with oxidations in model systems, such as the oxidation of alcohol 
to acetic acid by means of finely divided platinum. It is followed 
by four chapters giving an analysis of the action of narcotics and 
cyanide on biological systems, and iron catalysis at surfaces 
and in solutions. In the subsequent 11 chapters, which repre- 
sent the main body of the book, the author develops his views on 
the role of iron in the oxygen transport of the living cell. He out- 
lines first his basic concept that molecular oxygen does not react 
directly with biological substrates ‘but always and exclusively 
with divalent iron combined in a complex.”’ He then proceeds 
to the differentiation of the oxygen-transporting enzyme from 
the cytochromes and to its identification as a “haem’’ compound. 
This is done primarily by a full physicochemical treatment of the 
photochemical reactions of carbon-monoxide-iron compounds 
and by the elucidation of the absorption spectrum of the enzyme. 
Warburg reaches the interesting conclusion that the oxygen- 
transporting enzyme must be phylogenetically older than either 
hemoglobin or chlorophyll and that the latter compounds may 
have arisen from the former. A tentative constitution formula 
of the oxygen-transporting enzyme explains these relationships. 

The next three chapters deal more briefly with the copper- 
containing enzymes, primarily phenol oxidase, and with the hy- 
drogen-evolving enzymes, and stress the importance of heavy 
metals for yeast fermentation. Chapter 20 is entitled Photo- 
chemical Reduction of Quinone in Green Cells and Granules. It 
is an account of work done during the war and published only 


in the Proceedings of the Moscow Academy of Sciences. The 
author shows that neither the cell structure nor the chloroplast 
structure is necessary for the photochemical formation of oxygen 
and that this photo reaction is a surface reaction. The last 
chapter describes hitherto unpublished experiments on the 
quantum requirement of carbon dioxide assimilation. They 
were inspired by Emerson’s criticism of Warburg’s earlier studies. 
The author arrives by new methods at the identical quantum 
number, 4, which he had determined in his previous work. 

The book will unquestionably be very useful to all workers 
interested in biocatalysis by bringing the author’s views, crystal- 
lized during a lifetime of intensive work, into sharp focus. It is 
written by a forceful personality who does not avoid controver- 
sies and who on occasion criticizes divergent views rather sharply, 
an aspect of the book that may arouse some antagonism. The 
book contains a table of contents, but neither an author nor sub- 
ject index; the literature is quoted in connection with the text. 


THEODOR VON BRAND 
Nationa Institutes or HEALTH 
BrstrHespA, MARYLAND 


6 CHEMICAL CALCULATIONS 


H. Stephen and S. S. Iraelstam, Professor and Senior Lecturer 
of Chemistry and Chemical Engineering, respectively, University 
of Witwatersrand, Johannesburg, South Africa. Edward Arnold 
and Co., London, 1949. Second edition. viii + 117 pp. 6 
tables. 14 X 22.5cm. $1.50. 


Tuis book, quite thorough in many respects, consists of ten 
chapters headed (1) Calculations Based on the Fundamental 
Laws of Chemistry (23); (2) Equivalent Weights of Elements 
(17); (3) Determination of Atomic Weights (9); (4) Deter- 
mination of Molecular Weights of Substances in the Vapour State 
(6); (5) Solutions (3); (6) Molecular Weight of Substances in 
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solution (15); (7) Calculations in Thermochemistry (8); (8) 
Chemical Equilibrium (12); (9) Calculations in Volumetric 
Analysis (35); and (10) Organic Chemical Calculations (24). 
The figures in parentheses indicate the number of problems to be 
solved in each chapter. At the end of the book are 131 addi- 
tional general problems. Answers to all problems are given at the 
end of the book. 

I have several adverse criticisms. Many examples are solved 
only by substitution in the proper formula. Approximate atomic 
weights are used throughout the book (Examples: on page 31, at. 
wt. Cu = 63.4 although in the table two pages earlier at. wt. Cu 
= 63.54. Even as late as the last chapter, at. wt. H = 1). 
The number of significant figures used in the answers is not in 
line with standard procedure. In fact, I do not believe that 
“significant figures” are mentioned. The chapter on volumetric 
analysis consists of less than one page, with no worked-out ex- 
amples, although there are 35 problems to be worked out. Less 
serious is the absence of an index. 

In the main, most items are properly stressed and explained and 
there are some subjects discussed which are not found generally 
in an elementary text of chemical calculations. This book might 
be used very effectively as an additional text in general chemistry, 
especially since it has not been priced too high. 


SAUL B. ARENSON 
1884 Laure. Canyon Bivp. 
Ho.tiywoop, CALIFORNIA 


+ PRINCIPLES AND PRACTICE IN ORGANIC CHEMIS- 
TRY 


H. J. Lucas, Professor of Organic Chemistry, The California In- 
stitute of Technology, and D. Pressman, The Sloan-Kettering 
Institute for Cancer Research. John Wiley & Sons, Inc., New 
York, 1949. xi + 557 pp. 41 figs. 14 X 22.7cm. $6. 


THE purpose and scope of this text, as outlined in the preface, 
are fourfold, namely: ‘‘(1) an elementary treatment of some fun- 
damental principles such as reaction rate, equilibrium, heat 
change, and free energy change; (2) principles of and practice 
in separation and purification of organic compounds; (3) prac- 
tice in preparing organic compounds and in studying their chemi- 
cal behavior; and (4) practice in the identification of simple 
organic compounds.” 

The treatment of the fundamental physical principles is limited 
to twenty-nine pages, and is rather sketchy. Only two examples 
are used to illustrate most of the principles; namely, the reaction 
of acetic acid with ethyl] alcohol to form ethyl acetate and water, 
and the hypothetical gas-phase dehydration of ethyl alcohol at 
room temperature. Thus the student is likely to get an over- 
simplified picture of the methods used to calculate or estimate 
the equilibrium constant, the heat content, and the effect of free 
energies. Additional examples could have been used to illus- 
trate the practical difficulties which are often encountered in the 
use of these principles in more than very rough calculations. 

The chapters on separation and purification (2 to 12, inclusive) 
are excellent, and many points which students frequently over- 
look, such as the temperature coefficient of solubility, the effect 
of impurities on melting points, and the function of the solvent 
in recrystallization, are discussed in detail. A graph for correlat- 
ing boiling temperatures with vapor pressures is fastened into the 
back of the book, and its use is discussed in the chapter on distil- 
lation. 

The chapters on preparations and reactions comprise the main 


part of the book, and obviously are intended to make the student " 


think about his laboratory work. The procedures are detailed 
and careful reading by the student should enable him to perform 
them without difficulty. 

Extensive use is made of notes for each preparation, but much 
of the material in the notes could have been placed in the main 
body, thus avoiding discontinuity. 

Safety precautions are stressed throughout, which should re- 


duce accidents. Mention should be made, however, of one prac- 

tice which seems dangerous for students. On page 148, and in 

several subsequent preparations, the directions call for the flame- 

sealing of an ampoule while it is immersed in a dry ice-isopropyl 

— bath. A noninflammable cooling liquid would be much 
er. 

A wide range of experiments is covered, and the text is readily 
adaptable to courses of varying length and scope. 

In Chapter 46 a brief introduction to qualitative organic analy- 
sis is given, with references to the standard texts in the field for 
further information on the subject. 

The most serious flaw in the text, in the reviewer’s opinion, is 
the almost complete lack of references to such useful sources 
as “Organic Reactions,”’ “Organic Syntheses,” and the original 
literature. Students should be encouraged to form the litera- 
ture habit, and the laboratory text is an excellent place to initiate 
such a practice. Inclusion of references would also have made 
the book useful to research workers. 

In spite of the shortcomings listed above, ‘Principles and Prac- 
tice” should prove useful in organic laboratory courses, especially 
in Ae ag of its flexibility and adaptability to a variety of teaching 
needs. 

The binding is attractive, the type is easy to read, and the book 
is well indexed. 


H. R. NACE 


Brown UNIVERSITY 
Provipence, Rxops Is,anp 


* SIMPLE ORGANIC PRACTICE 


H. Middleton, Senior Assistant in Chemistry, Bradford Tech- 
nical College, Bradford, England. Edward Arnold & Co., Lon- 
don, 1949. vii+172pp. 15 figs. 14 22cm. $1.50. 


THE author of this “little book’ has succeeded admirably in 
condensing a remarkable amount of laboratory work into a 
small number of pages. The material is divided into two parts. 
Part I, consisting of ninety-two pages, deals with methods of 
preparation and chief reactions of the simpler classes of organic 
compounds. Part II, extending sixty-two pages, deals with the 
identification of common organic compounds. 

In the preparative work emphasis is on purity. The scale of 
the experiments tends to the semimicro, though the equipment 
used is not always scaled down proportionately. The student 
uses his preparations in performing the type reactions. The 
classes of compounds treated in this manual are: aliphatic 
monohydric alcohols, aliphatic halogen compounds, unsaturated 
hydrocarbons, aliphatic ethers, aliphatic aldehydes and ketones, 
carboxylic acids, derivatives of carboxylic acids, acid amides 
and nitriles, aliphatic primary amines, halogen-substituted aro- 
matic hydrocarbons, aromatic primary alcohols, aromatic al- 
dehydes and ketones, aromatic carboxylic acids, aromatic nitro 
compounds, aromatic sulfonic acids, nionohydric phenols, aro- 
matic primary amines, diazonium salts. Saturated hydro- 
carbons are treated under the carboxylic acids since methane is 
prepared from sodium acetate. Certain compounds not treated 
in the first part of the book—for example, secondary and ter- 
tiary aromatic amines—are mentioned in the second portion. 
The details for performing the type reactions are preceded by a 
brief discussion and are followed by a summary of the reactions 
performed. This has the highly desirable effect of integrating the 
preparation and reactions of each type of substances. In many 
instances the author “tells the student too much” with respect to 
what will be observed in performing the reaction experiments. 

The second portion of the book which deals with the identifica- 
tion of common organic compounds is intended to amplify and 
demonstrate a practical application of the material in Part I. 
The author’s system of analysis depends for classification pri- 
marily on elemental composition and only secondarily on solu- 
bility behavior. This procedure works satisfactorily for the 
common compounds the author wishes to cover. According to 
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the prefatory remarks the analytical procedure is an abridged 
version of “Systematic Qualitative Organic Analysis” by the 
same author. 

As is the case with many English texts a certain amount of 
“translation” is necessary. Thus one finds such expressions as 
fume cupboard, potash, boiling tubes, duster. Similarly, a sand 
bath is often used in experiments in which a water bath might be 
more satisfactory. The text contains no theoretical treatment 
of the simpler techniques such as distillation and extraction and 
there are no problems or exercises. 

The text should prove highly satisfactory in certain types of 
beginning course in organic chemistry. 


LIONEL JOSEPH 
San Diego Strate CoLuece 
San Disco, CALIFORNIA 


ca ADVANCES IN CARBOHYDRATE CHEMISTRY. 
VOLUME IV 


Edited by W. W. Pigman, University of Alabama, Birmingham, 
Alabama, M. L. Wolfrom, Ohio State University, Columbus, 
Ohio, and Stanley Peat, Associate Editor for the British Isles, 
University College of North Wales, Bangor, Caernarvonshire, 
Wales. Academic Press Inc., Publishers, New York, 1949. 
ix +378 pp. Qfigs. Sltables. 16 X 24cm. $7.80. 


Tuts volume is a convincing proof of the usefulness of special- 
ized chemical] standard works, not only for the specialists who 
must read them but also for advanced students and workers in 
other fields of chemistry to whom their perusal will bring an 
amazing wealth of new knowledge and a most desirable enlarge- 
ment of their scientific horizon. Chemists not familiar with the 
intricacies of modern carbohydrate chemistry will learn for 
instance in the first contributed paper, “The structure and con- 
figuration of sucrose,” by Irving Levi and C. B. Purves, that in 
spite of comprehensive and reasonably adequate circumstantial 
evidence for the correctness of Haworth’s structural formula a 
direct chemical proof for the configuration of cane sugar by an 
unambiguous chemical and not only enzymatic synthesis is still 
lacking. They will certainly be interested to learn from the 
second paper, “Blood group polysaccharides,” by H. D. Gray 
and M. Stacey, that the extraordinary specificity of blood-group 
substances lies no less in their carbohydrate residues than in their 
protein components. Chemists will be startled by the not gen- 
erally known fact that there exist branched chain monoses in the 
carbohydrate components of the parsley glycosides, as is shown 
by C. S. Hudson in the paper on “‘Apiose and glycosides of the 
parsley plant.” And they will read with interest in the fourth 
paper, “‘Biochemica] reductions at the expense of sugars,” by 
Carl Neuberg, that such common and abundant substances as 
cane sugar and yeast can be used to perform a great many 
‘phytochemical reductions” which by ordinary means cannot be 
carried out as easily or as effectively, a fact which ought to be 
studied also from a technical viewpoint. It also will interest 
the organic chemist that, as the fifth paper, ‘The acetylated 
nitriles of aldonic acids and their degradation,” by V. Deulofeu, 
demonstrates, the famous cyanohydrin synthesis of monoses by 
Kiliani-Fischer is being reversed to revea] many features in 
the fine structure of monosaccharides. The sixth paper, ‘“Wood 
saccharification,” by E. E. Harris, is an illuminating survey of 
fifty years of as yet unsuccessful endeavors to convert wood waste 
into sugar in an economic manner. In the seventh paper, ‘The 
use of boric acid for the determination of the configuration of 
carbohydrates,” by J. Béeseken, the fascinating behavior of 
boric acid toward polyhydroxy compounds in genera] and carbo- 
hydrates in particular is very ably explained and it is shown how 
the enhancement of the electrical conductivity of boric acid can 
be used for the elucidation of intricacies of carbohydrate configura- 
tions. The eighth paper, “The hexitols and some of their deriva- 
tives,” by R. Lohmar, is the first comprehensive review of a vast 
field of organic substances of widespread natural occurrence and 
increasing industrial importance. The same is true for the ninth 
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paper, “Plant gums and mucilages,’’ by J. K. N. Jones, which 
describes the extremely complex composition of these important 
materials of the plant kingdom in their relationship to more 
familiar compounds of the carbohydrate group. The tenth 
paper, ‘Utilization of sucrose,” by L. F. Wiggins, is of greatest 
practical significance. It shows that sucrose is not only an 
essential energy food but also, what so few organic chemists 
realize, a chemical raw material and starting product unsurpassed 
by any other organic substance as far as availability, purity, 
inexpensiveness, and versatility are concerned. In fact, the 
editors of this splendidly written volume are to be commended 
for. the emphasis they have put on sucrose which is not only 
“sugar’’ of the people but also the hub and the starting point of 
the large field of carbohydrate chemistry. The only improve- 
ment that should be suggested for further editions is greater con- 
sistency in terminology, which in several instances is confusing 
and thus misleading to those not very familiar with the subject 
matter. 


FRANCIS JOSEPH WEISS 
WasuinerTon, D. C. 


e ORGANIC SYNTHESES. VOLUME 29 


C. S. Hamilton, Editor-in-Chief. John Wiley & Sons, Inc., 
New York, 1949. vi+119pp. 15.5 <X23.5cm. $2.50. 


Tuis is the 29th annual volume of the series of recommended 
methods for the preparation of selected organic compounds, 
This volume, like previous ones, gives the equations for the 
reactions, procedures for producticn with accompanying notes, 
and other methods of preparation for 36 different organic com- 
pounds. The directions have been contributed by 49 different 
collaborators in addition to members of the Editorial Board. 
The suggested directions have been further checked or verified by 
competent referees. Preparations are listed under common 
names and Chemical Abstracts indexing names. The cumulative 
subject index comprises all material included in Volumes 20 to 29, 
inclusive, of this series. 

Methods for the preparation of the following compounds are 
included: 1-acetylcyclohexene, acrylic acid (two methods), m- 
aminobenzaldehyde dimethylacetal, 5-amino-2,3-dihydro-1,4- 
phthalazinedione, 6-benzoylacrylic acid, a-bromoheptaldehyde, 
tert-butylamine, tert-butylamine hydrochloride, catalyst Raney 
nickel, 4-chlorobuty] benzoate, 2-chloromethylthiophene, +y- 
chloropropyl acetate, 2,6-dichlorophenol, a,a-diphenylacetone, 
ethyl f-anilinocrotonate; ethyl 2-pyridylacetate, 1-ethynylcyclo- 
hexanol, homophthalic acid, homophthalic anhydride, s-(2- 
hydroxyethylmercapto)propionitrile, indazole, isoprene cyclic 
sulfone, methacrylamide, m-methoxybenzaldehyde, 1-methyl- 
aminoanthraquinone, 1-methylamino-4-bromoanthraquinone, 2- 
methyl-4-hydroxyquinoline, m-nitrobenzaldehyde dimethylacetal, 
p-nitrobenzonitrile, 5-nitro-2,3-dihydro-1,4-phthalazinedione, 
oleyl alcohol, a-phenylcinnamonitrile, protocatechuic acid, 2- 
thiophenealdehyde, 1,2,3-trihydroxypentane, and trimethylene 
oxide. 

This valuable series of annual volumes, started in 1921, is an 
organic institution, and hardly needs justification or elaboration. 
This latest volume, for all practical purposes, is identical in 
quality, form, and appearance with previous ones. It will be 
gratifying to many organic chemists to note that the time is again 
rapidly approaching when we can expect another Collective 
Volume. This volume 29 should now provide sufficient material 
for the 3rd Collective Volume. Many chemists purchase in- 


_dividual volumes from year to year but prefer the larger but more 


compact compilations, when available, because of convenience. 
A small insert was included in this latest release warning of the 
danger of recrystallizing benzoyl] peroxide from hot chloroform. 
See J. Am. Chem. Soc., 68, 1686 (1946). A mixture of cold 
methane] and chloroform should be used instead. Chemists 
using ‘Organic Syntheses, Collective Volume I,” should correct 
Note 3 on page 432 accordingly. This warning is surely timely 
and is typical of the care and thought that has gone into the 
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preparation of each of these volumes. This latest addition is 
equal in quality, content, workmanship, and appearance to other 
members of the series. 


RALPH E. DUNBAR 
Norts Daxorta Strate CoLuece 
Fareo, Norto Dakota 


INDUSTRIAL CHEMISTRY 


E. Raymond Riegel, Professor of Industrial Chemistry, Univer- 
sity of Buffalo, Buffalo, New York. Fifth edition. Reinhold Pub- 
lishing Corp., New York, 1949. xiii + 1015 pp. 349 figs. 166 
tables. 16 X 23cm. $7. 


Do rou want to find chemical information on a subject from 
abietic acid to zymose? You will find something about it in 
Riegel’s ‘Industrial Chemistry.” Concerning abietic acid you 
will find that rosin is a mixture of unsaturated acids, mainly abi- 
etic acid; and that rosin is essentially abietic acid, CooH30O2, with 
which glycerin forms an ester. Following this trial the inquirer 
will turn to Fiesers’ “Organic Chemistry” to obtain some specific 
information on the subject. 

As with the previous editions, the book is entirely descriptive 
of processes, products, and equipment. The number of chapters 
and their titles remain the same as in the third and fourth edi- 
tions, but the number of pages has expanded from 851 to 861 
to 1015 in the fifth edition. It appears that too much effort has 
been made to reach the magic number of 1000, and an insuf- 
ficiently critical survey has been made of the need for certain 
chapters. The author has a separate text on “Chemical Machin- 
ery,” soit might be considered that Chapters 41, 42, 43, and 44 on 
appliances used by the chemical engineer might be omitted and 
the student referred to the companion text. Chapter 40 on pat- 
ents, between 39 on rubber and 41 on appliances, seems out of 
place. There is no doubt that the industrial chemist must know 
about patents, but is this the time and place to present the 
material? Tie same comment can be made with respect to 
Chapter 46 on instruments. The relationships of the various 
chapters should be given more consideration; Chapter 16 on the 
chemical utilization of wood by extraction, hydrolysis, and dis- 
tillation is separated from Chapter 21 on cellulose from wood by 
chapters on electrochemistry, industrial gases, and bacterial and 
fermentation processes. 

The material in each chapter is descriptive of the industry, 
process, or product, the importance of which is shown by suitable 
statistics whenever possible. Little if any attempt is made to 
relate the descriptive material to fundamental chemical, physical, 
engineering, or economic principles. The text material is aug- 
mented by footnote references so that the reader may refer to the 
original chemical literature. Each chapter concludes with a 
section on “Other patents” which lists a number of patents not 
previously used as references, a section on ‘‘Problems”’ (very ele- 
mentary and hardly typical of those of the industry), and a list 
of “Reading references” which lists pertinent articles as late as 
1948. 

Undoubtedly the continued use of “Industrial Chemistry” 
through five editions has proved the merit and utility of the book. 
It can be considered as a relatively inexpensive, quite compre- 
hensive reference on industrial chemical topics. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


« COLLOID SCIENCE. VOLUME II 


H. R. Kruyt, President, The Central National Council for Applied 
Research in the Netherlands, The Hague. 6 collaborators. 
Elsevier Publishing Company, Inc., New York, 1949. xx + 754 
32 tables. 18 X 25cm. $11.50. 


Tue high standing of Professor Kruyt with American colloid 
chemists guarantees a welcome to the two weighty volumes of 


Colloid Science. Volume II treats of reversible systems, once 
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called “lyophilic,” while Volume I deals with irreversible systems 
(lyophobic). The subjects treated are classified accordirg to 
particular substances or systems. 

He draws a distinction between macromolecular colloids, poly- 
mers with a periodic repetition of the same groups of atoms, and 
association colloids whose ultimate kinetic particles (molecules 
or ions) are smaller than colloid particles. 

Any reader of Kruyt’s many research papers will expect great 
emphasis on coacervation—and he will not be disappointed. 
The author points out that when the solubility of a dispersed 
phase is reduced by any influence a separation into a colloid-rich 
layer and a colloid-poor layer may result. Crystalline material 
may finely appear in the colloid-rich layer while in the other 
layer there may appear amorphous liquid drops later coalescing 
into one clear colloid-rich liquid layer (the coacervate). For 
example, if alcohol is added to an isoelectric gelatin sol at 50°C. 
turbidity will finally begin to appear. Microscopic observation 
shows a large number of coacervate drops which coalesce at higher 
alcoholic concentration into masses of floccules. 

The extended treatment of gels seems sound to this reviewer. 
There is a great dea] of modern treatment of the physical proper- 
ties connected with orientation in gels. 

The osmotic pressure method of determining molecular weights 
of macromolecular substances is rated highly. Viscosity, the 
author states, is one of the most important aids in the investiga- 
tion of systems with charged macromolecules. Forty years ago 
the reviewer consistently used the broad term, “electrophoresis” 
instead of the popular and often misleading “‘cataphoresis’’ so it 
is gratifying to note Kruyt’s adoption of “electrophoresis.” 

It is interesting to learn that hexo] nitrate, a complex cobalt 
salt with hexavalent cation, flocculates or coacervates most 
biocolloids of acidic nature (thus gum arabic and sodium arab- 
inate). A table of “reciprocal hexol numbers’’ is included. 

The thermodynamics of long chain molecules is given extensive 
discussion, as are complex colloid systems, randomly kinked long 
chain molecules, and specific properties of ionized groups. 

The binding, printing, and proofreading of this volume are 
excellent. It will be a valuable addition to chemical librarie-— 
and to those for biology and medicine. 


HARRY N. HOLMES 
Oser.tn CoLLEGE 
Osean, Ox10 


e LABORATORY FRACTIONAL DISTILLATION 


Thomas P. Carney, Head, Organic Chemical Research Depart. 
ment, Eli Lilly and Company, Indianapolis, Ind. The Macmillan 
Company, New York, 1949. ix + 259 pp. 130 figs. 61 tables. 
15 X 23cm. $5.75. 


THE numerous improvements which have occurred in the art 
of distillation during recent times have not been inaccessible to 
laboratory chemists. But the extreme bulk of the literature 
and the difficulty of assessing the value of gome of the published 
methods have often acted as deterrants to the most effective use 
of them. These difficulties lose their force with the appearance 
of this book. 

The book appears to cover the entire field of laboratory dis- 
tillation. The first six chapters are on the theoretical side with- 
out being abstruse. These chapters cover in simple and clear 
terms distillation theory; column characteristics, including a 
discussion of the number of theoretical plates and the reflux ratio 
required for a given separation; the separations which can be 
expected with a given column; and the selection of proper col- 
umns on the basis of the characteristics of the mixture to be 
separated. All of thisis highly practical. The next few chapters 
deal with the construction, operation, special features, and limita- 
tions of a variety of types of columns. These include bubble- 
plate, packed, unpacked, and other less common types. The 
remainder of the book, somewhat over half of it, gives a practical 
and quite detailed account of the effects of variables on the char- 
acteristics of columns; of how to build, test, and operate distilla- 
tion columns; of how to deal with the special conditions met in 
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vacuum distillation, and special kinds of distillation such as 
extractive distillation, micro and semimicro fractionation, and 
molecular distillation. ‘The text is supplemented with references 
at the end of each chapter. At the end of the book there are 
arranged, by chapter, general references of which the titles are 
given, thus providing a somewhat annotated bibliography. 

The book is not free from misprints, but it seemed to the re- 
viewer that these were not serious. 

The author says that the fundamental purpose of his book “‘is 
to bring to the research worker and student a practical working 
knowledge of the art of fractional distillation.” As far as this 
lay within the author’s power he has certainly succeeded. His 
book is a first-rate presentation of the matter. Some lack of 
success in bringing the subject to the student may arise from the 
price of more than two cents per page at which the book is 
listed. 

Laboratory chemists who read this volume will surely feel in- 
debted to the author for the great labor and perceptive care 
which must have gone into its preparation. The style is lively; 
the book is easy to read, and it answers questions. It can be 
recommended strongly to graduate students and others in chemis- 
try, chemical engineering, and allied fields where problems of 
separation are faced. 


HAROLD G. CASSIDY 
Yaue UNIVERSITY 
New Haven, ConnEctTIcuT 


« DATA BOOK ON HYDROCARBONS 


J. B. Maxwell, Standard Oil Development Co., Linden, New 
Jersey. D. Van Nostrand Co., Inc., New York, 1950. viii + 
259 pp. Charts. 18 X 26cm. $5. 


Tuts book provides certain basic data on hydrocarbons, some 
related organic compounds, and petroleum fractions applicable 
to process engineering operations in the petroleum industry. 
The topics covered include the following: physical constants, 
characteristics of petroleum fractions, molecular weight, vapor 
pressure, fugacity, critical properties, thermal properties, den- 
sity, viscosity, combustion, flow of fluids, flow of heat, equilibrium 
flash vaporization, and fractionating towers. The data are 
conveniently presented in the form of tables and charts, as ap- 

. propriate. References are given to the sources of the data. 
Most of the values of the properties of the hydrocarbons are 
taken from National Bureau of Standards Circular 461, published 
in 1947. The author would have helped his readers by informing 
them that the foregoing N. B. S. Circular 461 constitutes the 
tables of physical and thermodynamic properties of hydrocarbons 
issued as of May 31, 1947, by the American Petroleum Institute 
Research Project 44 and that this Project is continually issuing 
new and revised tables of properties in loose-leaf form. 

This reviewer feels that this book will be very helpful to chemi- 
cal engineers concerned with the processing of hydrocarbons, re- 
lated organic compounds, and petroleum fractions. 


FREDERICK D. ROSSINI 
NATIONAL BuREAU OF STANDARDS 
Wasuineron, D. C. 


y CHEMISCHE THERMODYNAMIK, EINE EINFUHRING 
IN IHRE GRUNPRINZIPIEN 


S. Hirzel, 
9.6 marks. 


Erich Lange, University of Erlangen, Germany. 
Stuttgart, Germany, 1949. xvi+ 158 pp. 64 figs. 


ON THE first casual browsing, this monograph may strike the 
reader as a compendium of the familiar formulas of traditional 
thermodynamics. But it takes little more than a reading of the 
table of contents to suggest that here is something unusual: 
a fresh approach to a classical subject. Study of the text soon 
convinces the reader that Lange has developed an original point 
of view for the presentation of his material. The book is based 
on Lange’s series of papers on chemical thermodynamics, which 
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have appeared mostly in the Zeitschrift fiir Elektrochemie, and 
on his lectures at Erlangen. 

He distinguishes between external (physical) thermodynamics, 
which covers processes involving energy interchange without 
chemical transformation and internal (chemical) thermodynamics 
which applies to systems in which reactions occur. By using a 
heat reservoir at one degree absolute as a standard of reference 
and introducing the energy unit one “boltzmann”’ (three halves 
the value of the pV product at 1°K.) temperature becomes a 
pure number and entropy, heat capacity, and the gas constant 
all have the same dimensions as energy. These devices maybe 
seem a little startling at first, but they do permit an elegant sym- 
metrical treatment of the laws of thermodynamics and their 
correlaries. Incidentally, a thermocouple is the heat engine used 
in the discussion of the second law. 

The treatment is rigorous, and easy to follow, thanks to the 
liberal use of block diagrams, and a consistent system of primes 
and underlines to distinguish symbols which might otherwise be 
confused. Sufficient experimental results are included to supply 
examples of the applications of the theorems. The book is 
recommended especially to those who teach thermodynamics; 
as the author states in his introduction, it was written primarily 
to serve as a pedagogical tool. 


RAYMOND M. FUOSS 
Yaue University 
New Haven, Connecticut 


& ANTIBIOTICS 


Edited by G. W. Irving, Jr., Assistant Chief, Bureau of Agricul- 
tural and Industrial Chemistry, United States Department of 
Agriculture, and H. T. Herrick, Formerly Director, Northern 
Regional Research Laboratory, Bureau of Agricultural and In- 
dustrial Chemistry, United States Department of Agriculture. 
Chemical Publishing Co., Inc., Brooklyn, 1949. vii + 273 pp. 
24 charts. 4 figs. 23tables. 14.5 * 22cm. $6.75. 


FourtTEEN lectures presented originally during the period 
September, 1946, to January, 1947, at the United States Depart- 
ment of Agriculture Graduate School are compiled in what the 
editors term an essentially unchanged form. Three additional 
lectures on penicillin chemistry were omitted as a result of the 
current preparation of a monograph on that subject under the 
direction of the Committee on Medical Research, Washington, 
and the. Medical Research Council, London. In spite of this 
deletion, however, the published material gives a factually sound 
and comprehensive picture of antibiotic production, nature, and 
application. 

As is to be expected, penicillin and streptomycin receive 
major emphasis, being treated at length by several of the con- 
tributors. Lecture 1 is an introduction followed by (2) The 
Story of Penicillin, (3) The Role of Microorganisms in the Pro- 
duction of Antibiotics, (4) Development of High-Yielding Strains 
of Microorganisms for Production of Antibiotics, (5) The Gov- 
ernment Certification Program for Penicillin, (6) The Commercial 
Production of Penicillin, (7) Production of Streptomycin and 
Other Antibiotics by Actinomyces, (8) Outline of the Chemistry 
of Streptomycin, (9) The Clinical Use of Penicillin and Strepto- 
mycin, (10) Tyrothricin and Gramicidin, (11) Antibiotics Other 
than Penicillin, Streptomycin and Gramicidin, (12) Basidiomy- 
cetes as Possible Sources of Antibiotics, (13) Antibiotics from 
Higher Plants, and (14) Antibiotics in Veterinary Medicine. 
Although the several lectures are diverse in both subject matter 
and method of presentation, they are admirably similar in clarity. 

The chemist and microbiologist not directly concerned with 
research in antibiotics have undoubtedly experienced increasing 
difficulty in keeping abreast of such a rapidly expanding field. 
One of the chief virtues of the book, therefore, is the consolidation 
of a mass of scattered data into a concise, easily digestible whole. 
This treatment is evident almost generally throughout and is 
particularly notable in Wintersteiner’s lecture on antibiotics 
other than penicillin, streptomycin and gramicidin. Here, the 
classification is approached from the viewpoint of structural chem- 
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istry, the antibiotics being discussed under the topics: aspergillic 
acid, gliotoxin, phenazine compounds, lactones, and quinones. 
The variety of configurations demonstrated by known antibiotics 
coupled with the multiplicity of bacterial enzyme systems are 
taken to argue against interference with any single metabolic 
pathway, such as sulfhydryl group function, as a general explana- 
tion for the mechanism of antibiotic action. 

Workers who have considered antibiotic production by fungi 
other than Actinomycetes, Aspergilli, and Penicillia will be inter- 
ested in Robbins’ brief review of the Basidiomycetes. Clyto- 
cybine and polyporin, produced by species in the latter group, 
have shown some promise in therapy. An interesting sidelight 
to these studies is the observation that a rapidly growing fungus 
may produce a low level of antagonistic substance, while the 
same organism can demonstrate vigorous antibiotic production 
on a semideficient medium. In such cases, it is suggested that 
the antibacterial agent is, therefore, a product of incomplete 
metabolism. ' 

Plant physiologists and soil scientists will find a succinet out- 
line of antibiotic production by higher plants. In this lecture, 
Irving draws attention, also, to the intriguing possibility of em- 
ploying antibiotics in the control of plant pathogens. While 
this treatment can be almost summarily ruled out in view of ex- 
cessive present costs, it may find further stimulus as improved 
production techniques develop. Then, too, antibiotics toxic to 
animals may find an application here. 

More than 500 references are cited. The book is relatively 
free of errors in makeup, typography is good, and a subject 
index is included. 


WILLIAM D. ROSENFELD 
CALIFORNIA RESEARCH CORPORATION 
La Hasra, CALIFORNIA 


* GIANT BRAINS OR MACHINES THAT THINK 


Edmund Callis Berkeley, Consultant in Modern Technology, 
President, E. C. Berkeley and Associates. John Wiley & Sons, 
Inc., New York, 1949. xvi + 270 pp. 78 figs. 17 tables. 
14 X 2lcm. $4. 


Tue development of computing machines is proceeding so 
rapidly that a scientist is fortunate to know the field in even 


gross outline. Because these developments are heralding exceed- 
ingly powerful tools, scientists will want to learn of them. Be- 
cause these machines may be expected to affect society consider- 
ably, men in many fields will need to learn of them. Finally, 
because they are so very fascinating, logically minded people 
greatly enjoy learning about them. 

Mr. Berkeley has spared no effort in writing the first popular 
book on modern computers. A clear and colorful expositor, he 
selects and explains ideas in physics, semantics, mathematics, 
logic, and electronics so well that persons with some scientific 
training should follow the story readily. The author says the 
book is for every one, and certainly the approach is broad rather 
than deep. The unusual freedom from misprints, the 27-page 
bibliography, and the entirely adequate index reveal] the author’s 
conscientiousness. . 

We are first introduced to machine language, and for orienta- 
tion are led carefully through the design of a primitive relay com- 
puter. There follow chapters describing I. B. M. equipment, 
the newer M. I. T. differential analyzer, the Harvard “Mark I” 
Calculator, the ENIAC, the Bell Telephone Laboratories’ Relay 
Calculator, and the Kalin-Burkhardt logical-truth calculator. 
In each of these chapters there are many diagrams and examples 
and an operational evaluation of the machine. There is next a 
briefer survey of the much faster electronic machines which 
appeared in 1948 and 1949, or which are to appear shortly. 
Finally, the imagination is stimulated with sketches of possible 
future machine applications and their effect on society. We read 
of libraries, translators, typist-stenographers, recognizers, general 
contro] devices with feed-back (cf. Wiener’s cybernetics), weather 
forecasters, test scorers, disease diagnosers, makers of business 
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decisions—al] automatic and all in principle possible with present 
knowledge. 

One regrets that the author could not include more than a peek 
at the most recent type of digital computers—for example, the 
EDVAC (Aberdeen), MANIAC (Princeton), or Zephyr (Los 
Angeles), any of which may be operating when this is published. 
The size and great adaptability of such general-purpose digital 
computers makes possible a much wider variety of logical appli- 
cations and enormously more rapid arithmetic computation. If 
available, a popular description of these would make a fine sequel 
to Mr. Berkeley’s book. Such a book could add many details 
on how the future machine applications mentioned above can be 
carried out, as well as mathematical andlogicalcalculation. The 
reader will meantime need to prepare himself by mastering the 
present work. 

It is probably unnecessary to add that, despite the possible 
sales appeal of the title and the figure on the cover jacket, the 
question of whether machines can think is irrelevant to their 
technical usefulness. 


GEORGE E. FORSYTHE 
NatTIonat Bureau or STANDARDS 
Los ANGELES, CALIFORNIA 


o ADVANCED ORGANIC CHEMISTRY 


G. W. Wheland, Professor of Chemistry, The University of 
Chicago, Chicago, Illinois. Second edition. John Wiley & 
Sons, Inc., New York, 1949. xi+ 799 pp. 35 figs. 30 tables. 
15 X 23cm. $8. 


PROFESSOR WHELAND’S new text is designed for second-year 
students of organic chemistry who have had a thorough first-year 
course. It attempts to point out the relationships between the 
numerous facts of organic chemistry and to provide an introduc- 
tion to the theoretical aspects of the science. The primary view- 
point of the book is the structural one, and the main body of 
argument and evidence is in support of our current structural 
concepts. The question of mechanism receives secondary, but 
by no means slighted treatment, although mechanistic evidence, 
especially of the kinetic sort, is not developed in extensive detail. 
A marked effort has been made to examine the fundamental con- 
cepts and definitions of the science, to point out ambiguities and 
inconsistencies, and to substitute more adequate statements of 
clearly delineated applicability. 

The book is divided into fifteen chapters, varying in length 
from 13 to over 100 pages, and treating the subjects of funda- 
mental concepts, addition compounds, acids and bases, structural 
isomerism, stereoisomerism, stereochemistry of carbon and other 
elements, strain theory and steric hindrance, resonance, elec- 
trostatic effects, molecular rearrangements, tautomerism, and 
free radicals. The chapters are further divided into sub-headings 
dealing logically with specific aspects of each general chapter 
topic. An author index of 11 pages and a carefully constructed 
subject index of 37 pages follow the textual material. The book 
is well documented with references to the original literature, 
and on many subjects it serves as a good reference work as well 
asa text. There are almost 750 footnotes, many containing two 
or more individual references, and surveying the literature into 
1949. 

In evaluating such a book one might ask how well it fulfills its 
objectives and how it compares with other treatises of a similar 
sort. There is no question that the book succeeds in being a 
“unified treatment of the subject, primarily guided by the prin- 
ciple of the structural theory in its broadest sense,” and that it is 
superbly written at about the level which can be profitably read 
by its intended reader, an advanced senior or first-year graduate 
student. The objectives are well fulfilled. In most respects 
Professor Wheland’s book compares favorably with other avail- 
able second-year organic texts, and in many respects it far excells 
its competitors. Its language is lucid and precise, its explana- 
tions are unusually complete, and, most important, it is non- 
dogmatic and highly critical with regard to the theoretical and 
experimental material it treats. By its emphasis on experimental 
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evidence and its clear delineation of the particular flaws and 
limitations thereof the student is spared the ex cathedra approach 
so often encountered, realizes more than is usually possible the 
true validity of our information and concepts, and may even be 
stimulated to independent thought. It is hard to read certain 
portions of Professor Wheland’s book without trying to elaborate 
experimental solutions to some of the problems he indicates as 
currently unanswered. His is unquestionably a more penetrating 
and hence more stimulating book than most of its type. Interest 
is heightened by frequent historical material, and popular mis- 
conceptions of historical priority are clarified in several instances. 

Possible criticisms of the book are for the most part trivial. 
The usual lucidity of the writing sometimes approaches verbosity, 
and inconsequential material is occasionally developed in too 
painstaking detail. Considerable space is wasted in printing 
and designating with Roman numerals the formulas for simple 
organic compounds when the name alone would suffice. In some 
sections of the book the number of illustrative examples is exces- 
sive, with nothing new added by the repetition. The occasional 
use of letters other than R to designate alkyl groups might prove 
confusing, and the use of simple hexagons, rather than Kekule 
structures, to designate aromatic rings seems unfortunate since 
it requires the use of more cumbersome structural formulas for 
cycloalkane derivatives. Remaining criticism is more from the 
viewpoint of omission. The qualitative molecular orbital treat- 


ment might profitably have been included in the chapter on- 


resonance which, incidentally, gives a somewhat over-optimistic 
impression of the applicability of quantum mechanics to organic 
chemistry. More recent examples of steric effects and a discus- 
sion of the steric inhibition of resonance might have added to the 
treatment of steric phenomena. The question of orientation in 
aromatic substitutions is largely ignored, as are, explicity at least, 
the topics of structure and color, ultraviolet and infrared spec- 
troscopy, and detailed treatments of most modern physical meth- 
ods of structural investigation. 

Organic chemistry is currently so broad that perhaps no single 
point of departure is adequate for a completely satisfactory treat- 
ment. Thus, omissions and differences of opinion regarding 
desirable emphasis are probably inevitable in any text. It is 
therefore to the author’s credit that he has produced so logical 
and adequate a book from the classical viewpoint of structure. 
The excellence of Professor Wheland’s book is certain to insure 
its widespread use as a single-volume advanced textbook of or- 
ganic chemistry. 


WILLIAM A. BONNER 
STANFORD UNIVERSITY 
STanrorD, CALIFORNIA 


* PHENOMENA, ATOMS, AND MOLECULES 


Irving Langmuir, General Electric Corporation, New York. 
Philosophical Library, Inc., New York, 1948. xi + 436 pp. 


Illustrated. 15 X 23cm. $10. 


Tuts book is a collection of twenty papers which were published 
by Langmuir since 1909. They have been assembled, in eighteen 
chapters, to form this very interesting volume. These chapters 
are: 

I. Science, Common Sense, and Decency; II. Discussion of 
Science Legislation; III. World Control of Atomic Energy; 
IV. Surface Chemistry; V. The Constitution of Liquids; 
VI. The Distribution and Orientation of Molecules; VII. 
Atomic Hydrogen and an Aid to Industrial Research; VIII. 
Flames of Atomic Hydrogen; IX. The Dissociation of Hydro- 
gen into Atoms; X. Forces near the Surfaces of Molecules; 
XI. Isomorphism, Isosterism, and Covalence; XII. The 
Effects of Molecular Dissymmetry on Properties of Matter; 
XIII. Metastable Atoms and Electrons Produced by Resonance 
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Radiation, in Neon; XIV. The Condensation and Evapo- 
ration of Gas Molecules; XV. The Evaporation, Condensation, 
and Reflection of Molecules and the Mechanism of Adsorption; 
XVI. The Evaporation of Atoms, Ions, and Electrons from 
Caesium Films on Tungsten; XVII. The Mobility of Caesium 
Atoms Adsorbed on Tungsten; and XVIII. Types of Valence. 

As may be seen from the list of chapter headings, some ma- 
terial is included from nearly every one of the author’s various 
lines of research. This book is valuable for the reason, then, that 
many of these classic papers are collected under the same cover, 
even though some of them are very well-known, and others con- 
tain discussions which are now obsolete. 

In spite of the rather flamboyant title, this book should be a 
valuable (if rather expensive) addition to the library of anyone 
interested in a representative collection of papers by a leading 
scientific figure of our day. 


JERRY DONOHUE 
Cauirornia INSTITUTE OF TECHNOLOGY 
PasaDENA, CALIFORNIA 


* VACUUM EQUIPMENT AND TECHNIQUES 


Edited by A. Guthrie, Radiation Laboratory, University of Cali- 
fornia, Berkeley, California, and R. K. Wakerling. McGraw- 
Hill Book Co., Inc., New York, 1949. xvii + 264 pp. 102 figs. 
25 tables. 16 X 24cm. $2.50. 


Tuts book is Volume I, Division I, of the National Nuclear 
Engineering Series of the Manhattan Project Technical Section. 
It makes available the rather extensive experience gathered at the 
University of California Radiation Laboratory in the course of 
developing high vacuum equipment for use in the electro-mag- 
netic separation plants. The material presented by several au- 
thors is arranged in an orderly fashion and will be of practical 
value to laboratory workers who are making use of this increas- 
ing field of vacuum technology. Since a great deal of the de- 
scriptive practical material pertains to the larger scale vacuum 
systems, persons interested in industrial vacuum engineering will 
find the book of great use also. 

In the initial chapter by R. Loevinger, the basic theory of 
vacuum practice is presented and the quantities which character- 
ize vacuum systems are defined and related to one another. 
The elementary parts of a vacuum system are described and dis- 
cussed by W. E. Bush in Chapter 2. Chapter 3, by K. M. 
Simpson, gives in detail the methods for measuring low pressures 
while materials and equipment for construction of vacuum sys- 
tems are discussed by W. E. Bush in Chapter V. The final chap- 
ter by R. Loevinger and A. Guthrie describes the methods for 
trouble-shooting and maintaining vacuum systems. Appendices 
contain a list of symbols, a summary of formulas useful in design 
of vacuum systems, physical properties of gases and vapors, a list- 
ing of mechanical and diffusion pump oils together with their prop- 
erties, data on cold traps and drying agents, and miscel- 
laneous vacuum materials and some solids and liquids encoun- 
tered in vacuum practice. 

The selection of materials, its arrangement, and the many 
figures and tables will make this book very useful as a reference 
volume. Because of the background for the book, metal vacuum 
systems are emphasized, as are fast-pumping systems. While 
such systems comprise the largest bulk of the modern vacuum 
work, laboratory workers using small scale glass equipment may 
not find much material that is of specific value. The book does 
not have much to say about the various applications of vacuum 
practice but the many references, if used, will accomplish this end. 


JOHN P. HOWE 
Genera Evectric Co. 
Knouis Atomic Power Lasoratory, Scoenectapy, New York 
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I wave only recently returned from the General Chem- 
istry Workshop which was held at Oklahoma A. & 
M. College, in Stillwater, and the spell of it is still 
upon me. All the many of you who were not there 
really missed something. I have always been sus- 
picious of the term “workshop” in this connection, 
along with much of the rest of the educational gobblety- 
gook, but I now feel somewhat reconciled. The results 
of this occasion will be reported more adequately in a 
subsequent issue, but I want to give some of my own 
impressions. 

I am not sure whether the thirty-five or forty teachers 
of general chemistry were originally under the delusion 
that they would come together and solve some of the 
important problems of chemical education, but I am 
confident that they went home with a clearer under- 
standing of the problems and issues which they dis- 
cussed and with new resolution and enthusiasm. Few 
of us, after all, are so fatuous as to suppose that we go 
to church to attain salvation, but rather to find spiritual 
uplift and greater understanding of the values of life. 
A man’s educational philosophy is like his religion; 
unless it is his own it is of little use to him. 

It is hard to pick out any single, most important 
highlight, but one of the clearest recollections which 
remains in my mind is a remark made by Dr. Harrison 
Hale in the course of one of the few formal addresses. 
In speaking of the past and the present of chemistry 
he pointed out that the present generation has been 
able to do with petroleum and with cotton the same sort 
of thing that the Germans, in the last generation, did 
with coal tar. We have founded complete, new chemi- 
cal industries. What, he asked, will the youngsters 
of the next generation do? 

That, of course, depends partly upon the teachers of 
this generation, who must inspire and prepare the next 
generation for even greater accomplishments. But it 
is not only the teachers who can make these possible; 
the responsibility is wider. Great accomplishments 


are the result not only of mental brilliance and tech- 
nical preparation but also of the external conditions. 
History has shown abundantly that there are periods 
of enlightenment and progress and periods of darkness 
and stagnation: The difference is—liberty. The 
human mind and spirit can produce most effectively 
only when they are free. 

To insure the heritage of the next generation, even in 
the matter of scientific progress, we of the present 
generation must retain our precious and fundamental 
freedoms and must establish conditions under which our 
children shall be able to continue them. We need 
not be reminded of the devious and insidious ways in 
which our freedoms are being threatened. Never has 
it been more evident that the price of liberty is eternal 
vigilance. 

The threats are both external and internal. The 
external ones must be met with a strong and courageous 
spirit; the internal ones, being partly of our own 
making, will require soul-searching and reaffirmation of 
the principles upon which our system of society is 
founded. They can all be overcome, but not by resig- 
nation and indolence. As Uncle ‘Ezra (or someone) 
said: ‘You don’t make footprints in the sands of time 
by sitting down.” 

There is another possible obstacle to the rising genera- 
tion’s efforts to emulate its forbears. Will the lure of 
“security” entice it away from the true altar fires of 
science? The point is well illustrated by another of 
Dr. Hale’s remarks, which I may call “The Cow- 
Goddess.”” He quoted someone’s observation on the 
difference between chemists: ‘To one, Chemistry is a 
goddess, to whom he dedicates a lifetime of service and 
devotion; to another it is a cow, to which he looks for 
milk and butter.” While something may be made of 
the ineffectiveness of hungry religious fanatics, never- 
theless, the spark of selfless devotion often lights the 
flame of genius. In any event, the milkers and churners 
have left little impression on the history of our science. 
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WERNER KUHN 


Wenner Kuan, eminent physical chemist, was born on 
February 6, 1899, at Maur (Zurich), Switzerland. 
His father was a minister of the Gospel. His training 
in chemistry began in 1917 at the Eidgendssiche Tech- 
nische Hochschule in Zurich, where he gave particular 
attention to physical chemistry and electrochemistry. 
After receiving the degree Engineer-Chemist in 1921, 
he went to the neighboring University of Zurich, where 
he served as assistant to Victor Henri in the Physikal- 
isch-Chemisches Institut. The Ph.D. was obtained 
in 1923; the dissertation on the photochemical decom- 
position of ammonia was ranked exceptionally high. 

Dr. Kuhn was granted a leave of absence in 1924 
and spent the next two years at the Bohr Institute of 
Theoretical Physics in Copenhagen. His work there 
was partly experimental (dispersion of the magneto- 
rotation in metal vapors) and partly theoretical. The 
outstanding fruit of these latter studies was his (1925) 
quantum-theory summary of the total strength of the 
absorption lines coming from one steady state. This 
statement has played a part in the development of the 
newer quantum mechanics and also is of significance in 
wave mechanics. A grant from the International 
Education Board made this further training possible. 

Dr. Kuhn returned to Zurich again as assistant in 
1926 and habilitated as Privatdozent in 1927 with a 
study of the strength of the anomalous dispersion in 
thallium and cadmium vapors. About six months 
later he accepted an invitation from Professor Karl 
Freudenberg of the University of Heidelberg to col- 
laborate in a research in the field of natural optical 
activity. Though on leave from Zurich at first, Dr. 
Kuhn later resigned and in 1928 habilitated at Heidel- 
berg, where he remained until 1930. These years were 
occupied not only by new studies of optical activity 
but also by researches on the structure of high-molec- 
ular materials (especially cellulose) and studies of the 
atomic nucleus. In order to carry out experimental 
work in this latter field, Dr. Kuhn twice spent short 
periods in Rutherford’s laboratory at the University of 
Cambridge. 

At the invitation of Georg Bredig, Dr. Kuhn habili- 
tated (1930) at the Technische Hochschule in Karlsruhe. 
He served there until 1936, when he was called by the 
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University of Kiel as Professor of Physical Chemistry. 
In 1939, he was recalled to his native country to suc- 
ceed A. L. Bernoulli as Director of the Physikalisch- 
Chemische Anstalt of the University of Basel. At 
present, he is president of the Swiss Chemical Society. 

Professor Kuhn has an imposing list of papers to his 
credit. These publications (ca. 150) extend over the 
most varied branches of physical chemistry and the 
adjoining sciences. A few high lights will demon- 
strate the calibre of his work. In 1930 he produced 
optically active materials by irradiation with circularly 
polarized light; he thus became the first to synthesize 
an optically active compound from inactive materials. 
A few years later he was able to predict the absolute 
configuration of optically active materials on the basis 
of theoretical considerations. In 1933 he carried out 
the first photochemical separation of isotopes. His 
studies in the field of high-molecular compounds began 
in 1934, when he showed that the ‘thread molecules” 
of these materials when in solution have the form of 
loose coils. With this as a foundation, he subsequently 
was able to elucidate the elasticity of rubber and to 
explain especially the viscosity and the streaming 
double refraction of high polymeric materials. In 1941 
he turned his attention to the state of the earth’s 
interior, and demonstrated that the earth’s core has 
considerable material homogeneity and does not con- 
sist of discrete shells, as was previously assumed. 
Biological questions have also been considered, such as 
the relation of the aging of an organism and the ir- 
reversible racemization of the optically active mate- 
rials in the body. Methods of separating materials, 
especially distillation processes; photochemistry, and 
photochemical production of anisotropism in colloids 
are among the other topics which he has successfully 
investigated. 

Professor Kuhn has published the following books: 
“Physikalisch Chemische Ubungen”’ (1929); ‘“Drehung 
der Polarisationsebene des Lichtes” (1932); ‘‘Lehr- 
buch der Physikalischen Chemie” (4th edition, 1948). 
He is.an inspiring teacher and has trained a goodly 
number of first class chemists, who have learned from 
him and his successes how a scientific problem should be 
approached. 
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TRAINING FOR RESEARCH LEADERSHIP 


For many years applications for National Research 
Council Fellowships and others of similar type have 
required an outline of a problem developed by the stu- 
dent. This requirement has been rightfully considered 
an effective barrier to all except the unusually mature 
and capable aspirant. It has been a high hurdle to all 
others because it would seem that only the exceptional 
student has ever witnessed the birth and development 
of a research project. Most students, even in graduate 
school, have never been required to produce anything 
so ambitiously original. 

To be sure, some few schools have recognized that a 
student may well emerge from graduate training with a 
Ph.D. degree but with no clear conception whatever 
of where or how research problems originate. To meet 
this lack they have required the Ph.D. candidate to 
submit and defend one or more projects of his own devis- 
ing. While this training is admirable it does not guar- 
antee and may not provide the close contact between 
student and instructor which has been found to be so 
valuable. 

In most graduate schools, however, the student 
spends most of his time and energy seeking solutions to 
problems which occurred first to his research director 
and were later suggested to the student as acceptable 
and suitable for degree work. While this system may 
be easily defended and justified it does, nevertheless, 
tend to deny to the student the necessity for developing 
a new technique of thinking which is capable of giving 
him much profit and pleasure. Because the author 
believes that it is part of the duty and privilege of every 
academic research director to attempt, as best he can, 
to provide the impetus for the development of this 
technique of thinking and to guide it in its development, 
he has explored several teaching mechanisms with that 
idea in mind. 

Many factors appear to contribute to the ability 
to devise and develop research problems. A keen 
intellectual curiosity, a mind which revels in explora- 
tion, a deep knowledge of the subject, and a good mem- 
ory are all desirable attributes. Most good Ph.D. 
candidates measure up to these requirements fairly well 
but still they may be poorly productive because they 
simply do not recognize an embryonic research problem 
when they meet it. A goodly portion of the training 
for research-problem development therefore should 
have to do with the establishment of new ways of think- 
ing, of an attitude which is systematically critical of 
what is read, heard, or imagined. Just as one can 
teach the methods for the solution of general problems 
in the synthesis of organic structures so also can one 
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definitely assist in the establishment of a method for 
devising and developing research problems. 

Realizing that the fault probably lay in our present 
system of graduate education and not with the students, 
and that possibly educators fail to provide the incen- 
tive, the occasion, and the guiding hand required, the 
author undertook several years ago to introduce a small 
group of good advanced students (incipient Ph.D.’s) 
to the mysteries of research-problem development. 
The course took the form of a three credit-hour lecture 
series on certain plant products including, for example, 
the anthocyanidin pigments and their related materials. 
The choice of subject matter was not actually important 
because we were primarily interested in the manner in 
which the field and its problems succumbed to the 
attack of a number of brilliant chemists who labored 
in it. The plan was to have the students observe the 
history of a good research problem from its inception to 
the best conclusion which brilliant minds could provide. 
We learned a good deal of interesting chemistry but 
the course did not achieve the purpose for which it was 
designed. In the first place, it was largely a lecture 
course and graduate students, by long training, are well 
conditioned to such courses. In the second place, we 
found that it is well-nigh in.possible to trace, through 
the published literature, with all its emphasis on brev- 
ity, the thoughts, both good and poor, which occurred 
to the authors of the work during the various phases of 
its development. 

Recognizing the result for what it was, the author 
next attempted to procure the desired result (with a 
different group of students) by means of scheduled 
conferences with individual students. The students 
prepared for these conferences (one-half-hour each 
week) by reading original research papers in the (usually 
recent) literature. While much latitude was permitted 
in the choice of topics the students were required to 
avoid reading up on any research problem with which 
they had ever been associated or acquainted. Like- 
wise, topics which had previously been worked over or 
touched upon in seminars or term papers were not 
acceptable. This was done simply so that the in- 
structor could reasonably conclude that what the stu- 
dent brought forth during the conference he had ob- 
served and possibly understood by his own effort. 

It is quite common during the first conference with a 
student to find that he does not remember for sure what 
the exact title of the paper is that he has read. He can 
usually state where it appeared and about when, but 
he may not remember the author’s name or where he 
worked. Sometimes he doesn’t have a clear idea 
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as to why the work was done or what it proved, if 
anything. 

After the second conference these questions can 
usually be answered easily. Then the questions be- 
come more searching. The author of the published 
research obviously had a problem and a plan and he 
got certain results. His plan, however, was based upon 
certain interpretations of structure or reactivity, let us 
say. Are these interpretations reasonable, or, if they 
are open to reasonable doubt, what alternatives are 
there? On the basis of the student’s new interpreta- 
tions where would the author’s plan of attack lead? 
Would the expected result be compatible with the 
experimental results which the author found? Could 
it be used to explain, possibly, some results which the 
author was forced to overlook? Likewise, the author 
found he had to make certain assumptions in order to 
reduce his idea to experimental verification. Can the 
student find and state these assumptions? What are 
the bases for the assumptions? Are they reasonable? 
Assuming one does not wish to grant them, is there any 
way to establish them more firmly? The author has 
obviously credited previous workers with successfully 
carrying out certain basic operations or reactions. 
Does the student agree with the author that the prob- 
lems which these involve are really adequately settled? 
If not, in the estimation of the student what more would 
be required? 

In a problem in organic chemistry, having to do, 
let us say, with a natural product, the student should 
always be asked to name the structure and to iden- 
tify its component parts. Very often it is helpful 
if he is made to identify the states of oxidation of the 
various atoms and to relate these states with the changes 
involved in a chemical reaction described in the paper. 
At this point it is sometimes possible for the student to 
recognize that the overall operation just described is 
really just a familiar name reaction (somewhat disguised) 
that he has known for some time. As the student pro- 
ceeds to name the parts and to recognize the chemical 
processes in terms of familiar operations he often sets in 
motion the chain of associations which leads him to ask 
questions that may have no answers presently available. 
At this point he has, with the instructor’s considerable 
assistance, developed a research problem for himself. 
Depending upon the student and his individual needs, 
the instructor may require him to fill in the background 
for the problem by exhaustively examining the related 
literature, or he can suggest that the student do that 
later and proceed immediately to a new topic. 

Since one can never tell what sort of paper a student 
will read it follows that his development is less likely 
to be centered around the special field of activity of his 
instructor. He is less of a carbon-copy of his research 
director and finds no difficulty whatever in making 
an independent beginning for himself in other fields of 
research. 
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The student is required (as a part of the course) to 
enter the problem on a page in a bound book, properly 
dated, labeled, signed, and witnessed. The students 
are encouraged to use the same book to record all 
unusual reactions, structures, or items which they do not 
understand. By keeping the notebook up to date, by 
consulting it frequently, by puzzling over its contents 
and attempting to construct new relationships to any 
other facts, the student establishes a continuity of 
thought and development which may easily become the 
most important and satisfying element in his self- 
education. 

The function of the instructor should be expected to 
change perceptibly during the course. Less and less 
should he be the inquisitor in routine matters as the 
student begins to take on this function for himself. 
His task must always be accomplished with finesse. 
Very often he must lead without seeming to lead, and 
he must refrain from impatiently reverting to the sim- 
pler but inadequate lecture system. 

So far we have considered the effect on the student, 
but the instructor, as usual, profits considerably also. 
In the first place, he finds that he is obliged to maintain 
a fairly complete coverage of current literature. It 
should also be admitted that he, too, gains much in un- 
derstanding of this literature by his questioning of the 
student. Perhaps of greatest importance to a teacher, 
however, is the insight gained into the thinking opera- 
tions of the student. Quite occasionally, too, the in- 
structor can witness the development in the student of 
methods of reasoning and their fruition in the recogni- 
tion of inadequately explored areas of knowledge. This 
is indeed a thrilling experience for anybody. While 
not all students are equally teachable by this or any 
other method the author has found that these “classes” 
are never dull and he heartily recommends the experi- 
ence to all who will try it. Perhaps in this way we can, 
in part, at least, meet the challenge recently voiced by 
J. D. Porsche! who stated: 


It would seem, however, that much could be gained if more 
of our professors of chemistry would impart to their students not 
only the knowledge and techniques which are the tools of re- 
search but also the mental processes and habits which are re- 
search. 


The author makes no claim for the originality of either 
the teaching method outlined herein (which is as old 
as education itself) nor the subject matter of the 
course described. He simply believes that the person- 
alized ‘training described is important and deserves 
more attention in the graduate curricula of our uni- 


versities. Although the accomplishment of research is 
important it cannot be doubted that the main task of 
graduate education is the training of thinking men. 





1 PorscuE, J. D., Chem. and Eng. News, 28, 245 (1950). 
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NEW EDUCATIONAL REQUIREMENTS IN 
EXPERIMENTAL METHODS' 


[x constvERtNG the historical growth of science and of 
chemistry in particular, the outstanding aspect has 
been the growth of instrumentation and physical para- 
phernalia for carrying out experiments. Thus the de- 
velopment of the precise chemical balance enabled ex- 
periments to be carried out which led to the theory of 
constant combining weights and of the mechanisms of 
reactions involving atoms and molecules. Modern 
atomic theories, such as the quantum theory, are de- 
rived from data collected by means of the spectrograph 
and other instruments. Scientific work is character- 
ized by the use of microscopes, refractometers, nephel- 
ometers, tensimeters, Geiger counters, photospectrom- 
eters, and the like. The use of these tools for inquir- 
ing into unknown fields has led to the generation of 
voluminous, complex, and often confusing data. The 
necessity of dealing with these data is requiring the 
development of new intellectual tools. The growth of 
intellectual tools is perhaps less obvious than growth of 
the physical tools of science, but it is believed that intel- 
lectual developments are equally important. Newton’s 
calculus, La Grange’s and Maxwell’s algebra were ex- 
tremely important developments in furthering the ad- 
vance of science. The postulation of basic and general 
theories is another intellectual type of tool basic to our 
moving ahead in knowledge of the universe. 

It is in this field of intellectual development that the 
new science of statistical procedures lies. A particu- 
larly significant factor is that the statistical approach to 
experimental problems involves an extension in scientific 
philosophy as well as new methodology. The philoso- 
phy consists in the notion that a probability can be as- 
signed to any idea, hypothesis, or estimate of degree. 
The techniques of applying probability to experimental 
work are known as “Statistical Methods” and these can 
be divided into three classifications: — 


1. Design of experiments so that the desired infor- 
mation will be obtained and so that the data 
obtained will be susceptible to probability de- 
terminations. 

2. Methods of reducing data to more simple repre- 
sentative figures and to show interrelation- 
ships between factors. 

3. Methods of calculating probabilities of differ- 
ences, relationships, and reliabilities. , 





1 Presented before the Division of Chemical Education at the 
116th meeting of the American Chemical Society at Atlantic 
City, New Jersey, September, 1949. 
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It is interesting to see bow statistical methods fit 
in with the accepted definitions of the scientific method. 
The scientific method is usually separated into three 
functions: 


1. Hypothesis. 

2. Experiment to test hypothesis. 

3. Test of hypothesis on the basis of experimental 
data. 


Obviously the statistical methods have nothing to do 
with the generation of a hypothesis. That is the crea- 
tive function of the imagination, dependent of course on 
background knowledge, experience, and training, but 
primarily it is the inspired thinking which we consider 
to be a function of genius. But when the hypothesis is 
to be tested by the fires of experiment, statistical 
methods should be exployed to assist in designing the 
experiments, to reduce the experimental data, and to 
bring probability estimates to bear on the decision as to 
whether or not the hypothesis is substantiated by the 
experimental results. 

It appears to those experienced in the use of statisti- 
cal methods in chemical research that the most impor- 
tant phase for the application of these methods is in the 
design of experiments. Most chemists are subject to 
the dogma that experiments should be “controlled” and 
that “control’’ consists in changing only one variable at 
a time, meanwhile holding all others constant and thus 
evaluating the effect of that variable. This procedure 
is repeated for each variable so that the independent 
effect of each of the variables can be determined. That 
this dogma is fallacious as an oversimplification of the 
problems encountered in experimerital work may be 
demonstrated by considering some of the most common 
phenomena with which we chemists deal. 

This system of “‘conventional control’ was applied to 
an investigation of the effect of temperature and pres- 
sure on the yield of a certain product. First the effect 
of pressure was observed, holding the temperature con- 
stant at 25°C. 

When the yield is plotted against pressure it is appar- 
ent that they are inversely proportional. 

Next, the effect of temperature was determined, 
holding the pressure constant at 400 mm. 

When the temperature is plotted against yield, it is 
found that the yield is proportional to the temperature. 

We may now combine our expressions for the inde- 
pendent effects of pressure and temperature upon yield 
to obtain the following equation. 
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Figure 1 
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where Y; is the yield under condition P;, 71; Y2 is the 
predicted yield when conditions are changed to Po, T». 


Y2 = YN + Yi 





TABLE 1 
Effect of Pressure on Yield 








Pressure, mm. 
6 


400 


31.40 
31.45 
31.30 
31.40 
31.45 


Av. yield 31.40 





20.95 
20.90 
20.40 
20.90 
20.90 


20.81 








TABLE 2 
Effect of Temperature on Yield 


100°C. 


39.30 
39.30 
39.40 
39.35 
39.35 


39.34 








Av. yield 31. 





This equation fits the experimental facts very well as 
shown in Table 3 where P; is taken as 400 mm., 7) as 
25°C. 





TABLE 3 





Average 
Observed 

Yield 
25 31.40 
100 39.34 
200 49.69 
25 31.40 
25 20.81 
25 15.75 


Calculated 
Yield 


31.40 
39.20 
49.60 
31.40 
20.59 
15.72 


Pressure, Temperature, 
"C 
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However, a new combination of factors was tested as 
shown in Table 4. 





TABLE 4 
Pressure, mm. Temperature, °C. 
800 200 





Yield 


25.20 
25.15 
25.10 
25.15 
25.10 





Average yield = 25. 14 
Calculated yield = 33.90 


(The calculated yield was determined from Equation 1 using 
P, = 400, T1 = 25°C., Y; = 31.40) 





Under this combination of factors Equation 1 does 
not hold since the observed yield of 22.14 is grossly 
lower than the 33.90 value predicted from the equation. 
This failure to account for combinations of factors is 
bound to occur whenever the experimental method of 
conventional control is applied to situations where 
interactions or “preferential responses” exist between 
variables. 

A more efficient design for experiments where inter- 
actions may be involved has been developed. This de- 
sign is known as the “factorial” design and simply con- 
sists in the requirement that each variation of every 
factor be combined in one of the experimental batches 
with each variation of all the other factors. A factorial 
combination can be selected from the above experiments 
which points the way to obtain more reliable results 
with less expenditure of effort when dealing with inter- 
acted factors. Table 5 shows this factorial combina- 
tion of the pressure and temperature factors at two 
levels, the data being selected from Tables 1, 2, and 4. 

The analysis of the factorial combination in Table 5 
shows the interaction between pressure and temperature 
in their effect on yield to be highly significant. 


Y= kT+A =0.104T+28.82 


¥2B,. Fe JTF 


(s-- 1) 
BW MV T4077 








200 
TEMPERATURE in °C 
Figure 2 


Interactions in experiments in chemistry usually can 
be classified into one of three types of mathematical 
functions or a combination of these: 
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Hyperbolic (cross product) relationship between 
variables (e. g., Y = KPT or Y = KT/P). 
Power function relationship (e. g., Y = K,P? + 

K,T?, etc.). 
Exponential function relationship (e. g., Y = Ky, 
log P + Kez log T, etc.). 


The data in these experiments fits the form 
y — K(P +4) _ K(? + 273) 
‘- iw it P 





which is not surprising since the investigation consisted 
in measuring the volume of air in a mercury manometer 
tube under various conditions of temperature and pres- 
sure. 

From this experiment involving only the simple gas 
laws it is apparent that our “conventional control” type 
of experiment is not designed to deal with the complex 
situation encountered in experimental investigations 
and is applicable only when the variabies involved are 
independent and linear functions of the effect measured. 
This situation is the exception rather than the rule in 
chemical work. Reaction rates are exponential or 
power functions of concentration of reactants. Equi- 
librium constants and rate constants are exponential 
functions of the inverse of absolute temperature. Reac- 
tion kinetics involve complex hyperbolic and power 
functions of the concentration of reactants. It is this 
peculiar complexity of interrelationships which makes 
the task of the chemist so baffling, and which makes the 
powerful tool of statistically designed experiments and 
statistical analysis of data a critical need for anyone 
engaged in this field. 

The primary difficulty in bringing statistical methods 
to bear on experimental problems in a widespread fash- 
ion is the lack of chemists trained in this field. The 
chemical educators are not, in general, aware of the 
existence, potentialities, or applicability of statistical 
methods in chemical experimental investigations and, 
as a consequence, students are not given courses in the 
application of the new probability developments to ex- 
perimental problems Persons trained in mathematical 
statistics alone are not too useful since the chemical 
aspects of experimental problems usually outweigh the 
purely statistical considerations. It therefore appears 
that two kinds of attacks should be made with the objec- 
tive of increasing the use of statistical methods in chemi- 
cal experimental work, one attack being directed toward 
the chemists now practicing their profession, the other 
toward providing this training in our schools. So far 
as the present chemists are concerned, the most effective 
approach appears to be to demonstrate first the utility 





TABLE 5 


——P ressure, mm.——— 
Temperature, °C. 400 


25 31.40 
31.45 
31.30 
31.40 
31.45 
31.40 Av. 
49.75 
49.70 
49.60 
49.70 
49.70 


49.69 Av. 


Analysis of Variance* 








15.75 
15.80 
15.85 
15.65 
15.70 


15.75 Av. 


25.20 
25.15 
25.10 
25.15 
25.10 


25.14 Av. 








Mean 
Square F 


957.7280 259,547 
2020.0500 547,439 


Sum of Degrees of 
Squares Freedom 


957 . 7280 1 
2020 .0500 1 


Source of Variation 





Temperature 
Pressure 
Temperature x 
pressure interac- 
tion 99.0125 1 99.0125 26,833 
Error (within each 
set) 0.0590 16 0.00369 


@ This method for analyzing data is described in any of the 
references given at the end of this paper. 

> F is the ratio of the ‘“‘mean square”’ for a factor divided by 
the mean square for error. Chance fluctuations will give an F 
value as high as 4.49 once in 20 times and as high as 8.53 once in 
100 times in this experiment. A factor may be considered sig- 
nificant at the 0.05 probability level if it gives an F value in 
excess of 4.49. 





of the methods and then set up seminars within the 
schools and industrial concerns to provide guidance in 
mastering the principles and techniques. The most 
important objective, however, is to so arouse the inter- 
est of the academic chemists that they will provide the 
student chemist with training in the principles of ex- 
perimentation so that he may better cope with the com- 
plex problems he is likely to encounter in any line of 
chemical work. 
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Employment Policies and Practices in American Organizations 





6 EMPLOYMENT OPPORTUNITIES IN COLLEGE 
AND UNIVERSITY TEACHING 


In rue experience of every graduate student in chem- 
istry, some group discussion has centered around the 
question of future choice of employment, whether it 
should be in industry, in the government research lab- 
oratory, or in the field of teaching and research. In 
considering the staffs of the colleges and universities of 
this country it is generally recognized that openings 
exist in their science departments due to the with- 
drawal of trained personnel for war activities which led 
to a final severance of their academic connection, the al- 
most complete cessation of training of new Ph.D. per- 
sonnel for a period of years, and the sudden increase in 
enrollments of the universities following the war. It 
appears that further expansion in all departments of in- 
stitutions of higher learning should continue, for in 1947 
the student body numbered approximately 2,500,000 
with a faculty of 155,000 and the President’s Commis- 
sion on Higher Education! envisions a goal for 1960 of 
4,500,000 students with a faculty need of 350,000. Be- 
sides the general increase in enrollment, the student 
majors in science have increased about 80 per cent since 
the fall of 1941, while the numbers of professors and in- 
structors have increased only 20 per cent?. It is esti- 
mated that the colleges and universities would require 
15,000 more science instructors, including 4500 with the 
doctor’s degree, if the prewar student-teacher ratio 
were to be re-established. 

Prior to the war the opportunities offered by the col- 
leges and universities attracted a proportionate share of 
the well-qualified Ph.D. men from the graduate schools 
but on every hand it is acknowledged that the salary in- 
ducements of industry and somewhat of governmental 
research laboratories has placed the universities of the 
country in an unfavorable position, except with those 
individuals who have a firm conviction that they prefer 
an opening in the teaching field. 

Thus in 1947 the scientists and engineers actually en- 
gaged in scientific research, technical development, or 





1 U.S. President’s Commission on Higher Education, ‘Higher 
Education for American Democracy,’ Supt. of Documents, 
Washington, D. C., 1947, Vol. IV, p. 9-11. 

? SreEtMay, J. R., “Science and Public Policy,’’ Supt. of Docu- 
ments, Washington, D. C., 1947, Vol. IV, p. 7. 
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teaching comprised about 137,000 persons with 57,000 
in industry, 30,000 in governmental laboratories, and 
50,000 in colleges and universities. In discussing this 
distribution the Steelman report® continues—“‘In recent 
years the share of the government has remained rela- 
tively stable while that of industry has greatly in- 
creased. But just as the share of the universities and 
colleges in the national research budget has been falling 
since 1930, so has their share in the trained manpower 
pool: from about 49 per cent’ in 1930 to 41 per cent in 
1940 to 36 per cent in 1947. This is significant, because 
college and university scientists not only perform the 
major portion of basic research, but also because they 
teach. They are the source of further expansion in our 
pool of trained manpower.” 

It is the purpose of this article to point out a few per- 
tinent facts which a young scientist should consider in 
making a decision to enter the teaching and research 
field. 


PERSONAL QUALIFICATIONS 


“The qualities which the individual faculty member 
should possess include sound scholarship, professional 
competence, a clear concept of the role of higher educa- 
tion in society, broad humanistic understanding, lively 
curiosity, a sincere interest in research, insight into 
motivation and sympathetic, intelligent understanding 
of young people.’* It is perhaps surprising that so 
many laudable qualities should be expected in one in- 
dividual, but when a preponderance does occur, such a 
teacher is recognized by succeeding generations of 
students as most outstanding. A description of two 
such teachers who were successful in both undergraduate 
and graduate instruction, as well as in research produc- 
tion, illustrates these characteristics. The first profes- 
sor was trained in the classics and mathematics in an 
eastern liberal arts college and proceeded with graduate 
study in a renowned midwestern research center 





3 SreELman, J.R., “Science and Public Policy,” Supt. of Docu- 
ments, Washington, D. C., 1947, Vol. IV, p. 15. 

4 U.S. President’s Commission on Higher Education, ‘Higher 
Education for American Democracy,” Supt. of Documents, 
Washington, D. C., 1947, Vol. IV, p. 2. 


422 





AUGU 


where 
ing an 
teache 
predot 
lucid 
limite: 
about 
tracte 
in exp 
ture b 
ing to 
The 
and s} 
ties, 0 
chemi 
for a 
later | 
quiet 
ject n 
his sti 
ing pl 
All 
couph 
recog! 
teach 
a self 
tions 
sistan 
ate st 
comn 


OPIN: 


As 
tribut 
Ame! 
signif 
of ap 
gorie: 
versit 
tions 
satisf 
govel 
unive 
a hig 
The 


AUGUST, 1950 


where he came into contact with several forceful teach- 
ing and research personalities of that era. Later, as a 
teacher in one of the great state universities, two traits 
predominated. He prepared and delivered polished and 
lucid lectures in which interest was stimulated by a 
limited number of demonstrations. His lively curiosity 
about the unknown was contagious and naturally at- 
tracted followers into early research, where his example 
in experimentation and his mastery of the broad litera- 
ture background of his field were particularly challeng- 
ing to his students. 

The second professor came from the western plains 
and spent his teaching life in one of the eastern universi- 
ties, in giving the fundamental lecture course in organic 
chemistry and graduate courses and research direction 
for a long array of distinguished students, including a 
later Nobel price winner. The key to his success was a 
quiet and kindly manner, a recognized mastery of sub- 
ject material, an ability to stimulate the best efforts of 
his students, and a willingness and cordiality in discuss- 
ing problems with students or colleagues. 

All in all there must be the real desire to teach, 
coupled with those personal attributes which are 
recognized in the personalities of really successful 
teachers. In his own case, the young chemist can make 
a self-appraisal of his capabilities by noting the reac- 
tions of students assigned to him while a graduate as- 
sistant, from seminar performances before fellow gradu- 
ate students, and often from unsolicited but sympathetic 
comments from an experienced professor. 


OPINION OF SCIENTISTS ABOUT THEIR WORK 


As a part of the Steelman report® a study of the at- 
tributes of a scientifically selected cross section of 
American scientists was undertaken. This survey is 
significant for it represents the thought and experience 
of approximately 200 individuals in each of three cate- 
gories, industry, governmental laboratories, and uni- 
versity. To the question “Aside from money considera- 
tions, where do you think a person can get the most 
satisfaction from a career in science—in the Federal 
government, in an industrial research laboratory, in a 
university, or somewhere else?,”’ the university received 
a high rating and a government career a low third. 
The most frequently mentioned reasons given by uni- 





Total per cent 
ighed 


Now employed in 
‘overn- 
Per cent who choose ment Industry University interviewed 
Universit; 36 76 
Industelal lebisebnery 18 11 
Federal government 37 
Endowed laboratory 3 
Own practice ee 
Don’t know 6 


100 





100 








5 SreeLMAN, J. R., “Science and Public Policy,’’ Supt. of Docu- 
ments, Washington, D. C., 1947, Vol. ITI, p. 205. 


423 


versity scientists for their view were freedom in choice 
of work and research, the human contacts with students, 
and the general atmosphere of their work. 


GRADUATE TRAINING 


Among college teachers in 1947, approximately 25 
per cent held a doctor’s degree but it is certain that a 
much higher percentage among the 5800 chemistry 
teachers have completed their doctorate. The trend 
toward employment of men with full graduate training 
continues, as evidenced by the emphasis placed on this 
training in the accrediting of schools by the Committee 
on Professional Training of Chemists of the A. C. S. 
Thus the young scientist, if he expects to teach, should 
proceed to graduate school. In entering upon graduate 
work, the choice of a field of specialization should be in- 
fluenced by two factors: (1) the branch of chemistry of 
greatest interest, and (2) the type of openings which may 
be available upon completion of graduate study. Al- 
most every chairman of a chemistry department re- 
ceives numerous applications from young men in- 
terested in the teaching of physical or organic chemistry 
but all too rarely from individuals trained in inorganic or 
analytical chemistry. Yet the heavy teaching loads 
and service courses are found in the latter two fields. In 
the future many openings can be predicted to occur in 
these two fields. Another closely allied type of opening 
is in the borderline courses in general education where 
the chemist of broad science background, historical per- 
spective, and possessing a flair for lecturing will find an 
outlet for his capabilities. 


CHOICE OF GRADUATE SCHOOL 


About 90 institutions now grant doctorates in the 
physical and biological sciences, but the larger part of 
the facilities for research are concentrated in a relatively 
limited number. Thus of nearly 15,000 doctorates 
granted between 1936-45, more than half were con- 
ferred by 12 of the schools. Likewise, half of the 4800 
degrees in chemistry were conferred during the same 
period by 13 institutions. However, in examining the 
total list it should be noted that some of the more selec- 
tive and successful graduate schools produce a limited 
number of Ph.D. men. : 

Some of the factors to be considered in choosing a 
graduate school, if teaching is a possible goal, follows: 

1. Choose a university which has a record for pro- 
ducing teachers and thus continues to receive inquiries 
for teaching personnel. Some graduate schools empha- 
size the industrial viewpoint in their research programs 
while others undertake basic research principally. 

2. Choose a university which offers broad funda- 
mental graduate training together with the opportunity 
for specialization in one major field of chemistry and re- 
search under an authority in some special phase of 
chemistry. 

3. Investigate the opportunities for an appointment 
to a graduate assistantship which offers an apprentice- 
ship in teaching. After this experience and in the later 
stages of graduate work the availability of a fellowship 
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appointment is important, since the recipient may spend 
full time in the completion of his research problem. 

4. At present a few universities are stressing the de- 
sirability of undertaking more than one research prob- 
lem while working for the doctorate. The student gains 
this same experience when different problems are under- 
taken for the master’s and doctor’s degrees, either at dif- 
ferent schools or in the same place. In connection with 
variety in research experience it is particularly impor- 
tant to select several proposed research projects, carry 
on extensive literature searches and propose methods of 
attack. Then the beginning college teacher will be in a 
position to embark on a new field of his own choosing 
when he leaves the particular field and tutelage of his 
research director in graduate school. 


SEEKING A TEACHING OPENING 


If an investigation of the academic field seems de- 
sirable, a prospective Ph.D. man will be called upon to 
consider the type of school for which he feels particu- 
larly qualified. In the large university he will be ex- 
pected to be particularly active in research and his 
eventual advancement will be dependent largely upon 
the character of the results which he and his research 
students achieve. In the medium-sized university or 
liberal arts college there will be an emphasis on the dual 
role of teaching of some undergraduate courses, to- 
gether with an accompanying interest in research, which 
is often the result of his direction of a limited number of 
beginning research men, as well as from his own labora- 
tory efforts. A third category includes the large num- 
ber of liberal arts and junior colleges where small de- 
partments require almost full emphasis on teaching. In 
these situations a fortunate relationship often exists be- 
tween an inspiring teaching personality and a poten- 
tially able student which has led an unusually large num- 
ber of these students to proceed to graduate schools.® 

Besides the type of school there are the environmental 
factors of location to consider which involve one’s 
personal desire to live in an urban center where some of 
the larger schools are located or to live in some smaller 
community. The location of the school affects the 
character of the school, for in an urban school there is an 
impersonal relationship with students, while in the 
more intimate setting there is usually more personal 
contact with students. 

According to the type of school selected, the begin- 
ning opening may be that of (1) a postdoctoral research 
fellowship of limited tenure but offering more prepara- 
tory research experience until a teaching opportunity 
arises in some institution, (2) a limited-term instructor- 
ship in many of the larger universities where the in- 
cumbent serves as an apprentice aide in teaching to a 
regular staff member and is able to pursue some inde- 
pendent research. At the end of his term the depart- 
ment may be able to offer a better appointment, but 
usually an opening in another school must be sought, 
(3) an instructorship or even an assistant professorship 





6 SreELMAN, J. R., “Science and Public Policy,’’ Supt. of Docu- 
ments, Washington, D. C., 1947, Vol. III, p. 19. 
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in many medium and small schools where the teaching 
often involves rather heavy loads in the larger elemen- 
tary courses in general, analytical, and organic chemis- 
try. As a special variation of the latter type there are 
the rare cases in which the new Ph.D. man may be as- 
signed a lecture course dealing with selected topics in 
his special field and given to mature students while the 
major portion of his duties are devoted to the establish- 
ment of his own research program in which several re- 
search students are available as aides. 

To discover the existence of openings depends some- 
what upon chance in the American system, although 
there are desirable methods of approach open to a candi- 
date. One of the most fruitful channels occurs when the 
candidate’s research professor receives a direct inquiry 
from another school asking for suggestions or nomina- 
tions for a given opening and these are usually directed 
to those graduate centers which are known to train 
potential college teachers. Every university appoint- 
ments office or large department office maintains a 
formal set of credentials for each of its graduates and 
these have useful assembled information and recom- 
mendations which expedite initial negotiations. For 
the chemist the use of Chemical and Engineering News, 
the regional employment clearing houses of the Ameri- 
can Chemical Society, or the employment clearing house 
at a national meeting of the Society brings about many 
contacts between employer and candidate. This in- 
volves a minimum of personal effort and initial inter- 
views may profitably be undertaken some time in ad- 
vance of actual availability. And finally there is the 
direct application approach in which an informative 
initial letter of inquiry is addressed to the head of the 
department of chemistry in a chosen group of schools. 
Such a canvass may bring mutually desirable results as 
in the instance of a young Ph.D. who decided he would 
like to teach in a college located in any one of three 
adjoining states. He collected the names of the heads 
of all departments of chemistry in these states and pre- 
sented an outline of his undergraduate and graduate 
training, his experience in the army, his full personal 
history, his list of references, his teaching and research 
fields, and a good picture. Fortunately, in one of the 
schools approached, a state university, an opening 
existed for a person of his qualifications and after due 
investigation he received the appointment. 

The final step in obtaining a position usually involves 
a personal interview, preferably at the school being 
considered. This becomes a two-way affair since the 
department members are appraising the applicant but 
even more the young Ph.D. should determine answers to 
some questions for himself. From the standpoint of the 
department, teaching and lecturing ability may be 
judged if the opportunity to present a seminar-lecture is 
arranged; the candidate’s research expectations and re- 
quirements may be discussed; and his personal qualifi- 
cations may receive a tentative appraisal. From the 
standpoint of the candidate there are many pertinent 
points which should be observed or discussed directly, 


such as: the present staff, its training, interests, and § 
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Associate 


All 42 institutions Professor Instructor 





Low minimum 

Low maximum 

High minimum 

High maximum 

In seven state universities 


4000-9000 


2800 
3400 
6000 
9000 


1800 

2000 

3600 
6000-8000 
2400-6000 





age distribution; the possible interest in science of the 
student body; the quality and extent of the library; 
equipment and physical facilities in which to work; 
the expected teaching load and research opportunity; 
living conditions in the community; actual conditions 
of academic freedom; contract stipulations for the 
present and practice in granting tenure and in annuity 
and group insurance participation; possibility of sum- 
mer teaching; attitude toward consulting and spon- 
sored research. A new teacher cannot expect guaran- 
tees as to his future relationship to an institution but 
the possibility of growth and advancement in the 
position under consideration should be assessed. 


SALARIES 


Teachers’ salaries, generally, have increased only 20 
to 30 per cent since 1940 while living costs have risen 
nearly 60 per cent. This disparity explains the lessened 
number of scientists who have been attracted to a teach- 
ing career. From the actual salary standpoint it is re- 
ported that two-thirds of all science instructors in 
higher education, including groups with long experience 
received salaries of less than $4000 a year in 1946. Yet 
young men who have just completed their doctorate 
can command more than this at the start of employ- 
ment in industry or in government positions. 

Recently, many schools are showing progress in 
meeting this situation, as evidenced by the very in- 
teresting survey of instructional salaries in 42 selected 
universities and colleges for the academic year 1948-49.’ 
This particular group of institutions was selected be- 
cause they are recognized as leaders in the realm of good 
salary practices and would serve as comparative models 
for other colleges and universities. In the choice, 
geographical distribution, as well as representation of 


7A.A.U.P. Bulletin, 34, 778 (1948). 





state universities and privately controlled institutions, 
both large and small, were considered. The survey was 
thorough since it covered 13,528 full-time faculty people 
and a student body of 277,246. Two trends are note- 
worthy. Between the two-year periods 1946-47 and 
1948-49 there has been an increase in average salaries 
varying from 11 per cent to 16 per cent according to 
rank, and the average expenditure per student for in- 
structional salaries has increased in the past year from 
$379 to $413. Even in these institutions the accom- 
panying data indicate a wide variation from the low 
minimum and the low maximum at one end of the scale 
to the high minimum and high maximum at the higher 
end. Since these data cover all fields of teaching, it 
may be interpreted with the realization that science 
teachers in the various ranks are known to command 
salaries considerably above the minimum, particularly 
in those institutions with rather low salary levels. 
Thus from many aspects the teaching profession is an 
expanding vocation because increasing enrollments will 
require additional faculty personnel and for the past 
few years vacancies have not been filled. Even though 
the favorable salaries of industry and government have 
attracted many scientists, there are evidences that the 
universities and colleges are making great efforts to im- 
prove their position in a competitive sense. In the fu- 
ture the young man who seeks a position with freedom 
in research, desirable environmental conditions, a cer- 
tain satisfaction in the ultimate success of the students 
under his guidance, and a reasonable salary should 
again investigate possible teaching opportunities. Such 
an improved situation in which a sufficient number of 
highly trained chemists enter the teaching field will 
assure the caliber of the chemists of the future, coming 
as they do from the smallest and most remotely situated 
colleges to the large and renowned universities. 





EFFECTIVE PREPARATION FOR GRADUATE 
LANGUAGE REQUIREMENTS’ 


In rue last twenty-five years a new situation has been 
developing in the technological schools in this country. 
Foreign language study in high school has diminished 
and the advisers in many schools now suggest, to stu- 
dents who seem to have a bent for science or engineering, 
that other subjects will be more valuable to them in 
college than language. To be sure, in the few schools 
where German is taught, this is still recommended for 
physics and chemistry majors. The result of this 
trend is that an increasing fraction of our college stu- 
dents have no background of experience in language 
study. 

For the average college undergraduate in the engi- 
neering courses there probably is no point at which he 
feels the need of a foreign language. In his reading he 
may find references to articles in German or French or 
even Russian, but he can do satisfactory work in his 
required subjects without consulting any foreign sources 
in the original language. The science courses at M. 
I. T. such as chemistry, physics, mathematics, and 
biology require students to take a year of French if 
they have had German, those who have had no German 
before entering to take one year of that. Chemical 
Engineering stands out as the exception among the 
engineering courses in that it requires of its students 
one semester of language, either German, or if they 
have had German, Russian. Many of these students 
resent being forced by fiat to study foreign languages 
and they are quite likely to place them on a low level 
in the order of their preoccupations, spending their 
major effort in the preparation of what they consider 
more practical subjects, since they discern no clear 
relationship between their language courses and their 
professional training. 

The attitude of the average undergraduate toward 
foreign language study is similar to his attitude toward 
the study of English, history, and other humanities. 
I have said average, perhaps I should have said below 
average, for most gratifying exceptions immediately 
come to mind, men and women who approach the 
humanities with enthusiasm, enjoying the opening up 
of new avenues of thought and experience, entirely 
apart from their professional aims. 

It is not primarily the problem of languages in the 
undergraduate years which is under discussion, but 





1 Presented before a joint meeting of the Division of Chemical 
Literature and the Division of Chemical Education of the Ameri- 
can Chemical Society in Atlantic City, September 19, 1949. 


W. N. LOCKE 
Massachusetts Institute of Technology, Cambridge, 
Massachusetts 


there is one aspect of this question which may be men- 
tioned before passing on to the problem of languages 
for the graduate student. This is worthy of considera- 
tion now only because it applies equally well at both 
levels and because it is important to the large body of 
our students who do not go on to graduate work. A 
thorough knowledge of English is an essential tool for 
our students. The ability to read technical material in 
a foreign language is another tool which is a desirable 
adjunct to it. But there is another advantage to be 
gained from foreign language study which certainly 
outweighs its use as a tool in importance. 

This advantage is something which has been called 
its value’ in general training. Recently, in a dis- 
tinguished report, it was indicated that the primary 
value of foreign language study was to give a better 
understanding of English. A well-known chemist 
and linguist recently wrote: ‘“The contribution which 
language study can make io acquiring skill in expression 
is a matter of no small importance.’’? 

May we go a little deeper into the nature of the con- 
tribution which foreign language study can make to the 
mastery of one’s own language? One of the reasons 
why people fail to achieve a complete command of their 
own tongue is that their whole experience in childhood 
and youth has led them to stand somewhat in awe of 
it. Their language becomes a sort of religion; its 
structure is dogma and its vocabulary is surrounded by 
an aura of connotations. Generation after generation 
of grammarians have made themselves the high 
priests of a cult which emphasizes the purity of this 
sort of ectoplasmic entity which we call our mother 
tongue. 

It is my contention that study of a foreign language 
can break down this subjective, superstitious attitude 
and reveal to all of us that language, our own or any 
other, is nothing but a means to an end, a medium of 
expression. There is nothing sacred or holy about it. 
It is a tool whose capabilities and limitations we must 
understand in order to derive the greatest service from 
it. Other languages have different means of expres- 
sion, different capabilities, different limitations from 
English. When a student reads technical material in a 
foreign language, he finds for the first time that there are 
other ways to express thoughts which previously 
seemed to have crystallized into their one ultimate form 





2 J. W. Perry of Massachusetts Institute of Technology, in 4 
letter to the author. 


426 





AUG 


of ex 
forei 
serve 
heres 
sion 

of tk 
how 

desig 
word 


secor 
stitic 
relat 
expr 
tiple. 
great 
to th 
feelir 
prov: 
a dif 
coun 
mon 
feelir 
langi 
not s 

M: 
whic! 
to ex 
that 
thing 
conv 
sance 
to th 
to al 
make 
of ur 
equa. 
langt 
langt 
set © 
chose 
attiti 
whicl 
ment 
not a 
study 
stanc 
but « 
form 
persr 
platf 


AUGUST, 1950 


of expression in English. To say it more simply, the 
foreign language is a new tool. It is a tool which 
serves millions of people well; and sometimes—oh, 
heresy!—it may give a clearer or more concise expres- 
sion to an idea than can be found in English. Think 
of those fine long compound nouns in German and 
how you can trace down the exact nature of the thing 
designated by the roots which go into making up the 
word, or the clear precision that is traditional in French 
scientific writing. 

It is a common experience that learning a third 
language is relatively easier when one has studied a 
second. This is because we have lost our super- 
stitious awe of language and have become objective in 
relation to it. We have learned that patterns of 
expression are not fixed and unique but fluid and mul- 
tiple. This objectivity with respect to language is one 
great contribution which language study can make 
to the student’s future. Along with objectivity goes a 
feeling for the relativity of language. What is more 
provincial than the feeling that people who speak with 
a different accent, coming from a different part of the 
country, are somehow just a little inferior? How com- 
mon and how vicious on the international scale is the 
feeling that people who speak and write in some other 
language than ours are somehow not so intelligent and 
not so competent as Americans. 

May we not compare the choice of a language in 
which to express ideas to the choice of units in which 
to express a particular scientific relationship. We know 
that it is sometimes more convenient to express some- 
thing in {oot-pound-seconds and sometimes more 
convenient in centimeter-gram-seconds. It’s a nui- 
sance to translate back and forth from one set of units 
to the other, just as it is to translate from one language 
to another. But in general any statement you can 
make using one set of units can be made in another set 
of units with equal accuracy, though not always with 
equal ease. Exactly the same thing is true of different 
languages. There is nothing like studying a second 
language to make one realize that our language, too, is a 
set of units, that words are only arbitrary symbols 
chosen to represent ideas and their relations. This new 
attitude toward language is the great contribution 
which foreign language study may make to the equip- 
ment of undergraduates and graduate students. It is 
not always easy, even with the aid of foreign language 
study, to get students to take that step by which they 
stand off and look at their own language objectively; 
but another language does provide them with a plat- 
form on which to stand in order to see their language in 
perspective, just as astronomy first provided men with 
platforms on which to stand off and look at the earth in 
perspective. 


FOREIGN LANGUAGE AND GRADUATE STUDY 


In the graduate school foreign language as 4 key to 
the technical literature of other nations assumes a posi- 
tion of primary importance. It is almost universally 
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recognized that, in order to do advanced research in any 
field of science or engineering, students need a knowl- 
edge of one or more foreign languages. In some courses 
and in some schools candidates for the master’s degree 
are required to prove that they can read technical 
literature in at least one foreign language in their own 
field; for the doctor’s degree many schools require two 
languages. There is no need to labor the question of 
the importance and extent of literature on chemistry, 
mathematics, and physics not only in German, but in 
French and Russian as well. This is so well recognized 
that these students usually enter graduate school better 
prepared in language than most others. Yet even here 
it is the exceptional man who is able to consult foreign 
sources in two languages. This situation, as I men- 
tioned above, is relatively new. Thirty years ago 
many of our scientists had studied abroad. Then came 
a period when the importance of foreign contributions 
was frequently underestimated. Foreign language 
study reached a low point in our technical schools a few 
years ago, but there now seems to be a renewed interest 
which is all the mere creditable since American science 
and technology hold such a dominant place in the world 
today. 

The recognition of the importance of foreign language 
to research, and the resulting widespread foreign 
language requirements for the doctor’s degree raise a 
question which, is becoming increasingly acute with the 
decrease of language preparation on the part of our 
students. How can a doctoral candidate spare time 
from his science and professional courses to learn two 
languages sufficiently to read technical material? Or, 
even more difficult, how can he gain the complete 
mastery of one language which was recommended a few 
years ago in “A Manual of Graduate Study in Engi- 
neering” by the Committee on Graduate Study of the 
SPEE, in the Journal of Engineering Education.* 

I assume that ease in handling the language orally in 
addition to reading ability is implied in the recom- 
mendation, ‘that one foreign language used purpose- 
fully by the student in his major field of study be con- 
sidered equally acceptable to a superficial reading 
knowledge of two foreign languages.”” Such an inter- 
pretation involves a skill in foreign language roughly 
equivalent to that possessed by the language major in a 
liberal arts college. 


LANGUAGE REQUIREMENTS 


WeEnormously complicating the problem of learning 
language is the diversity of standards for a reading 


knowledge. Graduate language requirements are vari- 
ously interpreted and administered, sometimes by the 
foreign language department, sometimes by the indi- 
vidual student’s major professor or department, some- 
times by a collaboration of both departments—hence 
by men ranging from language teachers to foreign- 
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born professors of technical subjects, some of whom 
find the job a tedious waste of time. It is there- 
fore not surprising that standards of attainment 
should be equally various, not only as between different 
institutions but even from department to department 
at a single school. This situation is attested by the 
fact that any graduate school is willing to accept from 
another recognized graduate school the transfer of 
course credits, but not the certification of ‘‘reading 
knowledge.” The transfer student must, to his 
annoyance, pass another test of his reading ability. 
The required level of attainment may be higher or 
lower than before, depending on the examiner. The 
present dean of a large middle-western college relates 
that he was expected to demonstrate his ‘‘reading knowl- 
edge” by reading aloud in French to a venerable pro- 
fessor of that language. As the future dean had never 
heard a word of spoken French, his pronunciation was 
unintelligible and he was promptly failed. Knowing 
that the old professor was about to be retired, he 
waited six months and then presented himself to the 
new examiner. The latter required only a written 
translation; this test was passed easily. 

The written examination itself may mean all things 
to the people concerned. Should the student be al- 
lowed the use of a dictionary? Should a time limit be 
imposed to test speed of comprehension? Should the 
subject matter be strictly confined to the student’s 
special field? Or should the student of embryology be 


expected to comprehend a passage on the history of 


medicine or even the writings of Voltaire? Must the 
translation be in good English, with correct spelling and 
a close observance of idioms and tenses, or is an ap- 
proximation of the general content to be considered 
adequate? And how good is good English? 

This question of standards of attainment to be im- 
posed for the meeting of the reading requirement is one 
which deserves study. Everyone would benefit if an 
acceptable definition of “reading knowledge” in a 
foreign language could be worked out and if uniform 
standards of achievement the country over could be set 
up for the meeting of the reading knowledge require- 
ment. But that is a separate phase of the matter 
which is outside the scope of the present paper. 

Let us turn to individual schools. In any one de- 
partment the requirements are usually relatively uni- 
form and the standards imposed for meeting them can 
be ascertained by questioning of previous candidates. 
Given known standards, how can the student prepare 
to meet them? 

In most libera! arts colleges arid universities, and in 
some technological schools, the language departments 
feel no responsibility for aiding graduate students in 
preparing for reading requirements. This is particu- 
larly true where the language department does not ad- 
minister these requirements. On the other hand, these 
anguage departments are often severely criticized by 
professors in other fields and by graduate students, who 
are the next generation of professors, for their failure to 
give effective assistance of this kind. Also, in a sort of 
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illogical transfer of stigma, they may be blamed for the 
chaotic condition of standards as between departments 
or institutions, although these standards and require- 
ments have been handed down by tradition or imposed 
by the various departments. 


THE M.1.T. SYSTEM 


At Massachusetts Institute of Technology the doc- 
toral language requirement is uniform and explicit. 
All candidates are required to prove to the Department 
of Modern Languages that they have a technical reading 
knowledge of two foreign languages in their own field. 
The fact that it is up to the language department to set 
the standards of achievement not only is a flattering 
proof of the confidence of the other departments, but 
also makes it easier for the language department to 
justify this confidence. Moreover, the centralization 
of authority for carrying out the requirement makes 
possible the maintenance of uniform standards of 
achievement throughout the Institute. At the same 
time the language teachers feel a responsibility for help- 
ing graduate students prepare for the examination. 
The problem of designing courses to assist graduate 
students has been greatly simplified by the existence of 
a clear-cut objective. 

A few individuals, working at different schools and 
entirely uncoordinated, have tried various ways of help- 
ing graduate students with little or no previous language 
training to learn to read technical material in their own 
field. At M. I. T. we believe we have found a satisfac- 
tory solution and it is mainly in the hope of comparing 
notes with others with similar experience that this arti- 
cle has been prepared. 

Graduate students in the conventional undergraduate 
language courses usually experience a great sense of 
frustration. The aim pursued there is not their aim 
and the pace is slower than that which they are able to 
maintain. Preparation by oneself may be better, but a 
great deal of time is bound to be lost in nonessentials 
and many vital points are sure to be overlooked. A 
tutor is a better solution, but an expensive one, and too 
frequently the tutor himself does not understand the 
problem clearly or is too bound by the traditional 
literary approach to know how to proceed effectively in 
teaching technical material. 

The ideal solution would be one in which, with a 


minimum of waste effort, students were taught, or 


rather helped to learn, exactly what they need. Our 
requirement is very specific on this point. For a 
doctorate, “it is required that each successful applicant 
shall have demonstrated to the Department of Modern 
Languages his ability to read scientific literature of his 
field of specialization in English and in two other 
modern languages, acceptable to the department in 
which he is enrolled as languages in which there is an 
important literature in the field of his specialization.” 
The term read requires interpretation. Therein lies 
the crux of the whole question of standards. We define 
read as ‘‘to understand the exact meaning of the author 
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of the original and to be able to prove this understand- 
ing by translating into English in such a way as to con- 
vey to the reader the precise ideas which the author of 
the original wished to convey.” By field of specializa- 
tion we understand the various aspects of the field 
covered by the department in which the student is 
registered, though we subdivide chemistry into organic 
on the one hand, and inorganic and physical on the 
other. We have too few biochemists to justify setting 
up a separate category for them, so we ask them to 
choose to be examined either in biology or in chemistry. 
There are a few other similar cases, but normally we ex- 
pect the candidates to be able to read material in any 
of the common branches of their field. A nuclear 
chemist will be examined at his choice either in organic 
or inorganic chemistry. We reason that the research 
an individual will be doing five years from today may be 
in quite a different section of the field from that in 
which he is writing his thesis now. 

The kind of assistance graduate students need, then, 
must prepare each one. to comprehend and translate 
into English, material in his or her own field. The 
usual scientific language courses given on the second- 
or third-year college level will not be satisfactory for 
this purpose. By skipping from field to field in the 
reading selections such a course arouses the interest of 
only a small proportion of the students at any one time, 
and it is a well-known pedagogical principle that if 
learning is to be rapid the interest of the student must 
be maintained. Since each one feels that his objective 
is specifically limited he will be to some extent both 
annoyed and frustrated by time spent in other fields. 
True, the structure of technical language is nearly iden- 
tical in the various fields, the differences lying in vo- 
cabulary, but unfortunately the vocabulary differences 
are so striking that it is usually impossible to maintain 
interest despite the logic of the common structure. 

The fact that the structure of technical language is the 
same, while the vocabulary of different fields varies, 
gave a clue to a type of course in which all the students 
could feel, all the time, that the work applied directly 
to their problem. All could meet together for a study 
of the structure of the language, but the reading and 
translation had to be done in sections into which stu- 
dents were grouped according to their fields. 

Before a course of this type was introduced at M. I. T. 
it was said that the average student, starting from 
scratch, needed about 250 hours in order to pass the 
reading requirement in German, somewhat less in 
French, more in Russian. We knew that in order to 
make any course attractive we must make it possible 
to cut this preparation time considerably. By using 
experienced teachers and carefully chosen reading ma- 
terial, along with a specially devised treatment of 
grammar this should be possible. We attempted to do 
the job in one semester with the conventional three 
meetings a week of fifty minutes toa meeting. After 
three years of experiment, we feel that this approach 
has proved itself. Students and instructors agree that 
it is a success. 
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At first we felt that two meetings on the structure of 
the language‘ to one of reading would be required. 
This proportion was gradually reduced until now we 
start the semester with one organizational meeting in 
which a few considerations about language are given and 
in which sections are formed—the hours of meeting 
being chosen at the convenience of the students and the 
instructor; this is followed by a second general meeting 
on the structure of the language; and after that there is 
one general meeting a week and two section meetings 
for reading. In the French or German courses approxi- 
mately 50 per cent of the students are found to have 
had some previous contact with the language. Many 
of these soon drop out of the general meetings and at- 
tend only the reading sections. Some of the complete 
beginners on the other hand, especially those who feel 
that languages come hard to them, are happy to have 
more work on structure. This we offer them in a sup- 
plementary optional hour once a week which we call 
the Beginners Section. We have found it most helpful 
to have a different instructor in this section so that the 
students get the benefit of a different personality and a 
different treatment of the language. Only graduate 
students are admitted to these courses in order that pace 
and interest may be kept high through having a group 
of uniform background and maturity. 

The choice of selections to be used in the reading sec- 
tions is a vital factor not only in maimtaining interest 
but sometimes in conditioning the future attitude of the 
men toward the language and the country from which 
it comes. Most of the printed textbooks contain ma- 
terial from ten to fifty years old. We avoid these be- 
cause such out-of-date selections, besides not being in- 
teresting, are sure to create the impression in many 
minds that scientific thought and technology in that 
other country are behind those of America. We at- 
tempt to correct this by using mimeographed excerpts 
from the latest books and journals published abroad.® 

When this course was first contemplated we thonght 
it might be necessary to simplify texts in order to de- 
crease the starting load. This seemed logical, but there 
is something slightly repulsive about serving up pre- 
digested nourishment to adults. A better solution was 
found. By hunting through the literature it is always 
possible to discover the works of some authors whose 
style and vocabulary are much like that of English. 
We start with such passages, proceeding later to works 
of average difficulty and winding up the term with a 
few really hard selections. In a few cases the students 
have requested us to use a particular book or article 





4 We avoid the term grammar because it has been too much 
used by those who like to teach grammar for its own sake, whereas 
what we teach is only what might be called a recognition gram- 
mar, requiring no reproduction of forms and a minimum of 
memorization. 

5 One thing which is sorely needed is a series of reading texts 
which will be kept up to date by new editions as fast as the field 
progresses. The project appears commercially unprofitable, so we 
are now seeking some form of subsidy to produce half a dozen 
texts which we hope will open up a sufficiently wide market to 
interest some publisher. 
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which is important in their field. This we are glad to 
do, but it seems unwise to restrict the reading to the 
work of one author, which would give a false sense of 
achievement like the reading of simplified texts. One 
must be able to handle a variety of styles before he can 
be said to have a reading knowledge of the language. 


ADMINISTRATION AND RESULTS 


Two types of administrative problems arise with re- 
spect to courses such as this. One is that they are ex- 
pensive in teaching time; an instructor is required for 
each section and some of the sections will be quite 
small. Thus far we have been able to have a section 
for as few as three students. If there are only one or 
two in a particular field, we attempt to persuade them to 
go into a section covering an allied field and then try to 
choose the reading material accordingly. A second 
problem is that of finding instructors to teach this type 
of work. This has been less difficult than had seemed 
likely. 
this type of course. They found a most gratifying 
spirit on the part of the students, typified by one who 
was overheard to say while going down in an elevator 
after class, ‘““That’s the most practical course I have at 
M. I. T.” They also find great satisfaction in the 
rapid progress of the class. Students who have previ- 
ously had a year. or more of study of the language can 
usually be counted upon to pass off their reading re- 
quirement at an examination given in mid-term. They 
drop out of the class, leaving the instructor free to con- 
centrate on the beginners, who by that time usually 
have their bearings and are ready to go forward quite 
rapidly. Figures on the results obtained in the reading 
requirement examinations by students who have taken 
the course show that 98 per cent of those with any pre- 
vious study of the language pass the requirement by the 
end of the term. In French and German 70 per cent of 
those with no previous knowledge of the language pass. 
In Russian it is nearer 65 per cent; this is accounted for 
by the fact that in the latter language the first three 
weeks have to be spent learning to use the alphabet. 

An accurate evaluation of the achievement of these 
students is possible from a study of the examination 
papers on which they pass or fail. An approximate de- 
scription of their progress in one semester would be: 
they can translate technical material of average diffi- 
culty into English, handling correctly common con- 
structions, verb tenses, the irregular forms of common 
verbs, and all the most usual connectives. They will 
know the everyday vocabulary of their field but will 
miss the rare words and constructions, and even a few 
common words which they have either forgotten or have 
not happened to run across in their reading. They do 
not have a complete command of the written language 
and they cannot be expected to read effectively without 
a dictionary. However, no dictionary is allowed in the 
examination because it has been found that candidates 
tend to substitute looking up words in the dictionary 
for thinking. 


Most of our men were quickly converted to 
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The achievement of the course and the standard 
maintained in the examination can be expressed briefly 
by saying that these students can be expected, with a 
dictionary, to understand material of average difficulty 
in their field and to translate it into acceptable English 
prose. Incidentally, since the reading material used 
has no vocabulary or notes everyone is expected to buy 
a dictionary for use throughout the course. We recom- 
mend the Patterson dictionaries in German and French 
for scientists and the DeVries’ dictionaries in the same 
languages for engineers. In Russian the dictionary 
question is not as simple because no good inexpensive 
scientific or technical dictionaries are available. Miiller 
is recommended; this is a good general dictionary. The 
technical vocabulary is usually of German origin and so 
offers little difficulty to those who know this language. 
A by-product of these courses is that men learn to use a 
dictionary. This will stand them in good stead for 
their later reading in a foreign language and perhaps 
even in English. 

The average student, spending two hours of prepara- 
tion for each hour in class, now puts 135 hours of work 
on preparation for his reading requirement. If he takes 
the Beginners Section also, that adds another fifteen 
hours; so it seems fair to claim that with this course we 
are able to reduce the time of preparation from about 
250 to 150 hours, with the restriction that this applies 
only to the 70 per cent of the beginners who will pass off 
their requirement after the one term. Conversations 
with the 30 per cent who fail almost invariably show 
that the pressure of other work has prevented them 
from devoting themselves to the work of this course. 

Besides the rapid progress of the students another 
satisfaction comes to the instructors in the question 
which is frequently raised near the end of the course, 
“How can I go on to read literary material?” or “(How 
can I learn the spoken language?” It is far from un- 
common for this specialized tool course to open up 
broader cultural interests. 

With the German course meeting in some fifteen sec- 
tions each fall term and the French and Russian courses 
in twelve and five sections, respectively, each spring, we 
are able to satisfy the demand for graduate language 
preparation. Uniform standards can be imposed 


throughout the Institute for the meeting of the language - 


requirement and the combination of these.two factors 
has resulted in a new atmosphere of mutual respect be- 
tween the language and other departments at M. I. T. 
If students still resent being forced to learn to read two 
foreign languages before they receive a doctor’s degree, 
this resentment has been considerably diminished by 
the fact that the hurdle is less formidable now. The 
aim is clearly seen and means for achieving it are at 
hand. Satisfactory work done in the course does not 
satisfy the reading requirement; a two-hour written 
examination must still be taken; but the probability of 
success is great. The change of attitude toward the 
reading requirement is reflected also among the staff of 
some of the other departments. Some who felt that 
this requirement for the doctorate should be done away 
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with, not because of any dearth of important material 
in foreign languages but merely because it was imprac- 
tical to try to enforce have withdrawn their objections. 

It is our hope that courses along these lines may be 
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tried out at many other schools; so that the problem of 
the language requirement, sometimes called the ‘‘most 
difficult problem in the Graduate School,’’ may find a 
final and satisfactory solution. 





MUST WE HAVE FORMAL INSTRUCTION 
IN THE USE OF CHEMICAL LITERATURE 


T ue earliest American publication relating to chemical 
literature, as far as I have been able to determine, is the 
address delivered by Dr. H. Carrington Bolton before 
the American Association for the Advancement of 
Science at Montreal, August 23, 1882. This was 
separately printed in the same year at Salem, Mass- 
achusetts. It is now quite rare. 

Dr. Bolton began his address with the following 
remarks: 


The recognition by the Association of the equal rights of chemi- 
cal science and the elevation of the late ““Permanent Subsection’’ to 
the dignity of a “Section of Chemistry,’’ now assembled for the 
first time, mark an important epoch in the annals of our or- 
ganization. Permit me to offer congratulations on our promo- 
tion and to express my high appreciation of the honor of pre- 
siding over your deliberations. 


He then reviewed “chemical writings as sources of 
information and as portions of the world’s literary 
productions.” In conclusion Dr. Bolton remarked 
that: 


The modern period of chemical literature is characterized by 
two opposing forces, a tendency to dispersal and an effort to col- 
lect the widely scattered publications. The multiplication of 


_ learned societies especially in Europe, each of which supports 


its own organ, and the increasing number of nations interested 
in scientific pursuits, in each of which arises an independent 
periodical, tend to the wide, wide dispersal of memoirs, essays and 
notices. 

On the other hand, industrious editors laboriously collect 
and set in order these scattered observations, constructing 
compact, massive handbooks, and many volumed cyclopedias. . . . 

The amount of time and labor required to search for a given 
point throughout the maze of modern chemical journals, trans- 
actions, treatises and handbooks, is well appreciated by my audi- 
ence; the superb dictionaries and annuals referred to accomplish 
much in cataloguing, condensing, and systematizing the infinity 
of observations: nevertheless, all working. chemists feel the 
need of special indexes, simply arranged, as complete as possible 
and accessible to everyone. Sharing in this feeling, I have con- 
tributed my mite to the literature of chemical indexeg and have 
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inspired several friends, fellow members of this Association, 
with the courage to follow. 


In accordance with a proposal made by Dr. Bolton, 
the Chemical Section of the A.A.A.S., at a meeting held 
on August 25th, appointed a “(Committee on Indexing 
Chemical Literature.’”” This committee consisted of 
H. C. Bolton, Chairman, Ira Remsen, F. W. Clarke, 
A. R. Leeds, and A. A. Julien. 

It is interesting to note that Dr. Bolton’s first con- 
tribution, previously referred to, was an “Index to the 
Literature of Uranium,” published in the Annals 
of the New York Lyceum of Natural History, Volume 9, 
February, 1870. 

Sixty-seven years after the American Association for 
the Advancement of Science established a Section of 
Chemistry, the American Chemical Society has estab- 
lished a Division of Chemical Literature. It is an 
honor, equal to that expressed by Dr. Bolton, to be 
invited to contribute a paper to the first meeting of the 
new division. 

The problems which confronted chemists in the use 
of their literature in 1882, complex as they were, have 
become much more complex i in 1949. 

The extent to which the chemical literature has in- 
creased during the last forty years is immediately 
apparent when we look at the single volume of Chemical 
Abstracts which covers the literature of 1906 and the 
volumes which cover the literature of 1948. 

Chemists in 1882 were intent upon the recognition of 
their science as an entity. During the last three dec- 
ades, this entity has become blurred. The develop- 
ment of the physical and biological aspects of chemistry 
has greatly expanded the scope of the literature with 
which chemists are concerned. 

Under the leadership of their sutendinnh organiza- 
tions, chemists both in the United States and abroad 
have been more alert with regard to the importance 
of their literature than other professional groups and 
have been.previded with a much more elaborate biblio- 
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graphical apparatus. Experience demonstrates, how- 
ever, that the possession of an extensive literature 
and an elaborate bibliographical apparatus isnot enough. 
There is an imperative necessity that all chemists should 
be given an opportunity to receive systematic in- 
struction in the use of the chemical literature. Such 
instruction should be given as early in an individual’s 
academic career as possible. Some command of the 
subject should be acquired before the individual is 
engaged in graduate work, research, or the practice 
of a chemical specialty. 

If this is accepted as a desirable step, consideration 
must be given to the pedagogical problems involved. 

Some efforts have been made along this line notably 
at the University of Illinois and at Stanford University 
where I have offered a course, Chemistry 180—Chemical 
Iiterature and Libraries, since 1929. This course 
consists of thirty lectures and carries three units of 
credit. It is not a required course. 

The two most important of the initial problems to be 
met in providing systematic instruction in the use of 
chemical literature are: 

(1) When should such instruction be given? 

(2) Whoshould give this instruction? 

It is obvious that a complete treatment of the subject, 
involving as it does, a considerable knowledge of chem- 
istry cannot be given to undergraduates who are taking 
their first courses in chemistry although it is equally 
obvious that instruction in the elementary aspects 
should be made available to these beginners. 

I believe that a course of ten lectures carrying one 
unit of credit or such a course without credit but upon 
which attendance was required should be offered to 
undergraduates to parallel their introduction to the 
science. 

This course should include a thorough explanation of 
the principles involved in the classification of books in a 
library, the use of the library catalogue, and the use of 
general reference books including dictionaries, en- 
cyclopedias, indexes, etc. It cannot be assumed that 
all students possess this knowledge. This should be 
followed by discussion and demonstration of the use of 
such basic sources of chemical information as Chemical 
Abstracts, British Chemical Abstracts, chemical dic- 
tionaries, handbooks, and encyclopedias, tables of con- 
stants, etc. Students should also be introduced to the 
principal chemical journals in which original papers 
are published. The journals to be discussed might be 
limited to those in the English language. 

When the student begins the study of organic chem- 
istry a more comprehensive course in advanced chemi- 
cal literature should be made available. This course 
should consist of not less than thirty lectures in which 
detailed explanation would be given of the nature and 
use of all sources of chemical information including 
journals, monographs, handbooks, reports, theses, 
government documents, and the: patent literature. 
This treatment of the subject should be extended to 
include the literature of related sciences—biology, 
engineering, mathematics, medicine, and physics. 
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The student should be given comprehensive instruction 
in the preparation of bibliographies, abstracts, reports, 
and translations. This instruction should be accom- 
panied by practice work along these lines. 

It is very important to stress in this connection that 
the value of chemical information is in no way related 


-to its source and that negative data are as important 


as positive data. By this I mean thai the professional 
chemist cannot, because of the language difficulty, 
dismiss the literature in Czech, Dutch, Greek, Rou- 
manian, or Russian as unlikely to be useful to him nor 
come to the conclusion that everything of importance 
is to be found in the recent literature or in a particular 
library. He should acquire the negative knowledge of 
particular sources of information so that he will not 
waste his time seeking information in Chemical Ab- 
stracts which is to be found in Biological Abstracts nor 
expect to find entries covering articles published in the 
journal literature entered to any considerable extent 
in library catalogues. 

The complexity of the bibliographical apparatus in 
the field of chemistry has reached the point where it is 
necessary to devote a single lecture to the discussion of 
one reference book alone, 7.¢., Beilstein’s “Handbuch 
der organische Chemie.” This, by the way, seems to 
be the only work concerning which a separate literature 
exists intended to elucidate its purposes and use. 

The advanced course, referred to above, would of 
course also meet the needs of graduate students and 
staff members who had not had an opportunity to 
receive systematic instruction in the use of the litera- 
ture. 

It is true that chemical bibliography and chemical 
history like the bibliography and history of the other 
sciences have been largely the concern of amateurs. 
During the sixty-seven years which have elapsed since 
Dr. Bolton made an effort in this direction, most of the 
work relating to chemical bibliography has been done 
by chemists who were not trained in bibliographical 
methods or by bibliographers who were untrained in 
chemistry. A similar situation exists with regard to 
the history of chemistry where the work has been 
carried on either by chemists unfamiliar with the canons 
of historical research or by historians equally unfamiliar 
with the science of chemistry. These observations 
have an equal validity when applied to medical bibli- 
ography and medical history and the bibliography and 
history of other sciences.’ 

Having failed to develop any considerable number of 
chemical bibliographers, instruction in the use of the 
chemical literature must necessarily begin with an in- 
adequate personnel. This does not to the slightest 
degree imply that the beginning should not be made. 
The same situation existed when chemistry first became 
a part of college and university curricula. I recall a 
conversation with an elderly professor of theology who 
told me that when chemistry was first taught as a 
separate subject at the university with which he was 
connected he was assigned to teach it for no better 
reason than the fact that so few students enrolled for 
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his regular courses in theology. This gentleman also 
remarked that the method of teaching which he used 
was limited to lectures based upon a textbook which he 
did not understand and demonstrations which con- 
sistently failed to turn out as the textbook stated they 
would. Instruction in chemistry, at the beginning, 
was usually placed in the hands of men who were en- 
gaged in teaching philosophy or the so-called natural 
sciences. 

If the teaching personnel is to be drawn from the 
chemistry profession it is obvious that the individual 
chemists concerned are certain to be much better in- 
formed as to the literature of their own specialities, 
organic chemistry, analytical chemistry, metallurgical 
chemistry, etc., than as to the literature of chemistry 
as a whole, and more or less unacquainted with the com- 
plexities of library classification, cataloguing, and or- 
ganization. 

If the library profession is expected to provide the 
personnel then we must note that very few individuals 
trained in chemistry have entered library work and 
that the American library schools provide no in- 
struction or very little in the highly specialized subject 
of chemical literature and its use in research. 

This situation could rapidly change if chemical 
bibliography were recognized, as the organization of 
this Division of Chemical Literature seems to imply 
it may be, as a definite chemical specialty and oppor- 
tunities provided for specialists in this branch of chem- 
istry to find suitable positions in educational in- 
stitutions, libraries, and the chemical industries. 


The title of this paper implies that I will discuss 
certain alternatives to systematic instruction in the 


use of the chemical literature. I desire also to give 
some consideration to the functions of the chemical 
libraries, large and small, which form a part of the 
organization of chemical laboratories and the chemical 
industries. 

The alternatives which I have in mind do not pre- 
clude the extension of systematic instruction in_colleges 
and universities. On the contrary, if these alternatives 
are also to be adopted, the systematic instruction is 
absolutely necessary to make it possible to carry them 
out. The alternatives, too, require an adequately 
trained personnel and the requisite training must be 
provided by advanced courses in the use of chemical 
literature supplemented by courses in the history of 
chemistry, the methodology of research, and the litera- 
ture of biology, engineering, mathematics, and physics 
together with a thorough training in the fundamentals 
of library science. A mastery of the principles govern- 
ing bibliographical work upon a high level is of par- 
ticular importance. 

One alternative is to make it a standard practice 
in chemical laboratories and in the chemical industries 
to free the staff entirely from any responsibility for the 
preparation of bibliographies, summarizing the state 
of the prior art, making abstracts or translations and 
keeping abreast of the current developments in par- 
ticular areas-of chemical research and industry. This 
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work would then be done by professional chemical 
bibliographers. The analogy here is to the relationship 
which now exists in chemistry between the research 
chemist and specialists who assist him in the con- 
struction of his apparatus, in the preparation of photo- 
graphic material, etc. The analogy is perhaps more 
apparent when we observe the extent to which research 
men in the field of medicine and practitioners of medi- 
cine depend upon the services of associated specialists. 
Very few medical men do their own laboratory work in 
bacteriology or pathology, make their own X-ray 
photographs, or prepare their own microscope slides. 

There is an economic aspect to this solution of the 
problems involved in an efficient utilization of the 
chemical literature. It is clearly much more expensive 
to have a highly trained chemist spend a hundred 
hours in preliminary work upon the literature before 
he begins work upon a research project than it is to 
have this work done by a much more competent pro- 
fessional chemical bibliographer. The waste inherent 
in taking the research man away from his work while 
he laboriously digs out a poor translation of some 
pertinent paper in a foreign language with which he has 
only a slight acquaintance is obvious. Similarly, 
why should the time of a research chemist be spent in 
keeping up with the relevant literature when abstracts 
and translations of the literature in which he is likely 
to be interested could be promptly placed on his desk 
by specialists employed for this specific purpose? 
I am, of course, aware that this is already the practice 
in a few large industrial laboratories and that a limited 
service along these lines is being rendered by special’ 
librarians with initiative and imagination. I also 
realize that this practice is not applicable to a staff 
consisting of a few chemists. A highly competent 
chemical bibliographer can hardly be expected to be 
employed to serve one or two research workers. 

The isolated chemist or the chemist who has only a 
few associates must continue to depend largely upon 
his own efforts or have access to a public or institutional 
library where competent professional bibliographical 
service is available. 

This brings us to a brief consideration of the functions 
of the chemical library. In simplest terms the chemical 
library is intended to provide chemical data promptly 
to chemists, chemical engineers, and to others concerned 
with economic, legal, and industrial aspects of chemistry 
and chemical engineering. 

No time need be spent in a discussion of what books 
and journals should be found in a chemical library. 
Careful consideration must be given to the selection of 
material in a smalllibrary. A large library cannot have 
too many books and journals. No chemical library 
has everything which has been published relating to 
chemistry in all of its ramifications. Reliable guidance 
in the selection of books and journals will be found in 
the various guides to the literature of chemistry, e. g., 
Crane and Patterson and Soule. The classification 
and cataloguing of the material in chemical libraries 
usually conforms to standard library practice. 





434 


Considerable time—more than is available to the 
writer of this paper—could be given to the discussion 
of desirable extensions of service in chemical libraries. 
I will touch upon only a few of these. 

Chemists and the staff of chemical libraries prepare 
each year thousands of bibliographies and translations. 
A very simple practice along the line of cooperation 
between chemists and -between chemical libraries 
would result in a very considerable saving of time and 
money in this connection. 

When .a bibliography is compiled or a translation 
made it would be invaluable if a carbon copy could be 
consistently forwarded promptly to some central 
agency for the use of all chemists. The existence of 
most of these bibliographies and translations remains 
unknown, although the National Research Council 
has published a list of chemical bibliographies existing 
in manuscript and available for use. This list, under 
the circumstances of its compilation, is necessarily 
incomplete and cannot be kept up to date. The central 
agency might be the Chemists Club Library, The 
National Research Council, the Union Catalog at the 
Library of Congress, or the editorial offices of Chemical 
Abstracts. 

The availability of such bibliographies and trans- 
lations could be made known by including entries in 
Chemical Abstracts similar to the sample ones given 
below. 


A. Fora manuscript bibliography: 

Isotopes 
Brown, Henry L. i 

The use of isotopes in the practice of 
medicine. 

Manuscript bibliography covering the litera- 
ture from 1940 through 1948. 

1,218 entries. 

Available through the Oberlin College 
Library. 

B. For a translation available when the abstract of 
the original is published in Chemical Abstracts: 

A note appended to the abstract: A trans- 
lation into English is available through the 
Massachusetts Institute of Technology Library. 

C. For a translation made after the abstract of the 
original has been published in Chemical Ab- 
stracts: 

Rocks. Analysis. 

Stolberg, Max. 

Anleitung zur Gesteinanalyse. 
Abs., v. 42, p. 676, 1948.) 

Translation into English available through 
the University of California Library. 


(Cf. Chem. 


The name of the central agency could be substituted 
for that of the library, laboratory, or individual having 
the bibliography or translation. 

This valuable addition to Chemical Abstracts could 
be made by inserting a carbon when the bibliography 
or translation was typed and mailing a copy to the 
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central agency which could in turn provide Chemical 
Abstracts with the data required for inclusion in that 
publication. 

Many obscure chemical publications are acquired by 
chemical libraries. A more consistent effort should 
be made to see that a catalogue card covering all such 
acquisitions is sent to the Union Catalog at the Library 
of Congress. There is otherwise little likelihood that 
these obscure chemical publications will be recorded in 
this central source of information which has proved so 
valuable to American scholars in many fields. 

The maintenance of an adequate chemical library is 
usually beyond the resources of any but the larger 
institutions and industries. Consideration should be 
given to the consolidation of the smaller libraries in a 
single large one in all areas where there is an extensive 
chemical industry. The annual expenditure of approxi- 
mately $1,000 by each of three different corporations 
in one area might add 200 books and journals to each 
library. The annual expenditure of the same amount 
to increase the resources of a central library would 
add 600 books and journals. In the same way the 
amount spent for salaries in three separate libraries 
would provide a larger staff and higher salaries in a 
central library. 

This plan has been tried in a few instances. There 
is the same reason for pooling library resources that 
exists for the pooling of patents. It is impossible to 
prevent a competitor from gaining access to published 
literature. All that can be accomplished by the com- 
petitive spirit in this field is to make library service 
less adequate and more expensive for everyone. 

If we are not to provide formal instruction in the 
use of the chemical literature in our colleges and 
universities, if there is no inclination to recognize 
chemical bibliography as an important branch of 
chemistry nor to provide chemists with complete 
service in the preparation of abstracts, summaries, 
bibliographies, and translations, then only one possible 
alternative remains to be considered. 

The chemical literature is the largest body of scientific 
literature in existence. It has come into existence 
over several centuries and is widely scattered in books, 
journals, government documents, patents, and else- 
where. The total number of separate pieces of chemi- 
cal literature is incalculable. If we consider each 
separately published bodk and pamphlet and each 
journal article as a unit a rough guess might be hazarded 
as to the total. My own guess is that the total would 
be not less than 1,500,000 units. The use of such a 
tremendous accumulation of literature is beyond the 
capacity of an individual who has not acquired a 
mastery through a long period of study and a still 
longer experience. The circumstances under which 


this vast accumulation of chemical data has come into 
existence have resulted in a situation which has little 
rhyme or reason. An important chemical truth may 
have been stated by a writer in Arabia centuries ago 
and never restated. A discovery, the significance of 
which has been overlooked, may have been recorded 
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in a German journal in 1849. A valuable contribution 
to knowledge relating to a chemical subject may have 
been printed in an obscure journal in some other field 
in 1926. On the other hand the same chemical data 
may have been printed in 500 separate places. Much 
has been overlooked and much has been repeated 
over and over again. 

Dr. Bolton took a contemporary view in 1882 when 
he expressed the idea that the problem could be solved 
by the preparation of a series of indexes to the litera- 
ture of particular subjects. Although the situation 
has changed greatly in the interim, his suggestion still 
has considerable validity. If we could have a Beil- 
stein in every branch of chemistry and if bibliographies 
eould be compiled and published relating to an almost 
infinite number of chemical subjects the use of the 
literature would become a simple matter, in most 
instances, requiring only the consultation of a single 
source of information and the checking of entries in 
Chemical Abstracts, British Chemical Abstracts, Chem- 
ische Centralblatt, and similar publications for supple- 
mentary material published after the master list. 

This seems to be a counsel of perfection. The com- 
pilation of bibliographies is extremely tedious and has 
no rewards other than the satisfaction one can take in 
the completion of a task. The publication of bib- 
liographies has little attraction for commercial pub- 
lishers and probably could not be supported by a single 
professional society. The work could not be done 
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upon a haphazard basis. It would require careful 
preliminary planning and should be international in 
character. A subsidy would have to be obtained from 
governments and for all practical purposes this would 
mean that it would have to be supported by the United 
States government. The completion of such a project 
would take many years and its parts would be out of 
date almost as soon as they were issued. Only the 
larger libraries could afford to acquire such a work and it 
would as a consequence be unavailable to many chem- 
ists. 

The only value that such a visionary concept could 
possibly have would be as an argument in favor of the 
widespread introduction of systematic instruction in the 
use of the chemical literature and the recognition of 
chemical bibliography as an important branch of chem- 
istry. 

In conclusion I would like to express my own con- 
fidence that we will find a satisfactory solution of the 
problems involved in the steady increase in the size of 
the chemical literature and the resulting difficulties 
encountered in making use of it. I would also like to 
express my regret that few of us will be able to attend 
a meeting of the Division of Chemical Literature in 
2016 and to note the progress which has been made in 
another period equal in length to the one which sepa- 
rates us from the appointment in 1882 of a Committee 
on Indexing of Chemical Literature by the American 
Association for the Advancement of Science. 





Tus history of master-clock control contacts, actu- 
ated by pendulum clocks, is not alone interesting and 
yaried but is marked by numerous short-time successes 
and long-time difficulties. 

By and large the basic cause of many eventual set- 
backs is that the contact devices, however ingenious, 
have almost invariably operated within the confines of 
an uncomfortable compromise: they have either (1) 
tended to impede the free-running of the clock train in 
order to attain a sufficiently failure-free electric contact, 
or (2) in avoiding interference with the clock train, they 
have sacrificed electric contact merit. These are the 
adverse limits within which the cam-action master con- 
trol contact, so widely used with much success for sev- 
eral decades now, has operated, deriving its contacting 
action from the rather small torque of the escapement 
wheel of the clock. 


+ 





A CLOCK-ACTUATED INTERVAL TIMER 


CLYDE P. BROCKETT 


University of Toronto, Toronto, Canada 


The description which follows deals with the working 
principle of a master contact which shifts the mechani- 
cal burden from the wheel train over to the pendulum, 
where it properly belongs. By taking direct advantage 
of the swinging mass of the pendulum to bring the con- 
tact points together, contact pressure may be made as 
heavy as desired, and the wheels are left to themselves. 
This device simply selects which stroke of the pendulum 
will trigger the action. Thus, the limiting compromise 
referred to above is obviated, to the prolongation of re- 
liable performance. 

The use here suggested is for time distribution in sys- 
tems employing minute or half-minute electric impulses 
to control secondary clocks, program clocks, time sig- 
nals, time recorders, laboratory chronographs, etc., such 
as are ordinarily found in schools and universities nearly 
everywhere. 
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Timer Mechanism 


As may be deduced from the diagram, the device may 
readily be built into clockworks, without even neces- 
sarily taking them apart. At negligible expense and 
with moderate skill it may convert a pendulum clock 
possessing a l-r. p. m. escapement wheel into a master 
control clock; or it may replace a master contact now 
giving faulty service. 

From the forked end of a rigid rocker arm R, affixed 
to the escapement shaft S, a thin metal strip E-F is sus- 
pended so as to hang freely in a vertical position. This 
strip terminates at F in a shallow upturned lip, or hook, 
which, in its up-and-down motion as the pendulum 
swings, rather narrowly misses engaging the correspond- 
ing hook W which is mounted on the lower contact 
spring. The best position of W relative to F, for proper 


functioning of the contact, is found by experiment. . 


For this purpose, contact mount A should be provided 
with both vertical and horizontal adjustment. 

A highly flexible strip of shim brass B, affixed to 
E-F, is carefully shaped so that its free end is touched, 
once a minute only, by a fine displacing pin P mounted 
on arm D which is fastened to the escapement wheel 
shaft. When this occurs, F is displaced sufficiently 
toward the right on the down-stroke of R to cause the 
lip at F to lock with the wedge W on the following up- 
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stroke and bring the contact points at C together as the 
pendulum, with its considerable mass, swings from left 
to right. Near the end of this pedulum stroke the es- 
capement allows P to pass spring B. Next, the succeed- 
ing downstroke of Z-F then not only breaks the electric 
contact but frees F from W, so that E-F once more 
dangles freely in its up-and-down excursions until, with 
the next revolution of the escapement wheel, the cycle 
of €vents is repeated and another contact made and 
broken. 

Since the mass of the pendulum imparts considerable 
force at F, it is easy to realize the principal virtue of 
this pressure-rub contact, viz., certainty of circuit clos- 
ing and opening. And, since the wheel train is re- 
lieved of mechanical burden, a second distinct advan- 
tage is gained: no loading or friction in the most sensi- 
tive part of the clock, the escapement. 

Within the operating principle of this device a num- 
ber of variations may suggest themselves, such as: (1) 
break-make contact sequence, (2) half-minute contacts, 
by providing a second displacing pin, 180 degrees re- 
moved from the first, (3) subdivision of a minute into 
any desired program of contact intervals, depending 
only upon how displacing pins may be arranged around 
the circumference traveled by P. 

Experience with this master contact on a half-second 
pendulum clock shows that by adjusting the position of 
the contact mount A relative to the at-rest position of 
E-F, the contacting duration may be varied up to 0.5 
second or more. Further, it is found that the 1.75-inch 
are of the pendulum is diminished by less than 0.01 inch 
whenever the contact is made, and the clock remains a 
precision timepiece. 

Conforming to good practice, this control-clock con- 
tact is intended to operate a d.-c. master relay, rather 
than itself to carry heavy current loads. However, it 
should be able to handle easily from 50 to 100 mil- 
liamperes at 6 to 8 volts with long and unfailing satis- 
faction and, through proper relaying and adequate 
shunt capacitance, take control over almost any existing 
electric-impulse time system which depends upon a 
clock-actuated interval contact. 

This device is sufficiently versatile to allow the use of a 
snap-off-snap-on microswitch in place of the type of 
contact shown, if desired. 


CONFERENCE ON THE TEACHING OF CHEMISTRY 


A conference will be held at Michigan State College, (East Lansing, Michigan), August 22 to 
25, which is planned to be of interest to both high-school and college teachers of chemistry. A 
representative group of speakers has been obtained and the list of subjects covered a wide one. 
Professor F. B. Dutton is chairman of the local committee. 
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Symposium on the Place of Inorganic Chemistry in the 


Undergraduate-Curriculum* 





THE PRESENT PROBLEM IN INORGANIC 


CHEMISTRY 


Ir 1s the purpose of the present symposium, “The 
Place of Inorganic Chemistry in the Undergraduate 
Curriculum,” to discuss present deficiencies in current 
curricula with respect to inorganic chemistry and to 
examine some of the solutions that have been adopted 
in an attempt to remedy the situation. 

Inorganic chemistry is the foundation of the science 
of chemistry. It may be defined as the chemistry of all 
of the elements and of all of their compounds, with the 
exception of some of the compounds of carbon. “Chem- 
istry is the science of substances—their structure, their 
properties, and their reactions” (1). Certainly, few 
would argue the point that a chemist should be familiar 
with the chemistry of a representative number of the 
elements and their compounds. 

However, at the present time a large majority of 
schools have to all practical purposes ceased offering 
instruction in inorganic chemistry. These schools are 
graduating ‘professional chemists” who do not know 
the properties or reactions of simple common chemicals, 
who cannot suggest means of preparing or purifying 
simple inorganic substances, and who do not recognize 
the hazards involved in certain reactions of common 
inorganic reagents. 

These comments are based on contacts with and ex- 
aminations of graduate students at several universities. 
The conclusions may be supported by data obtained in 
orientation examinations given at Purdue University to 
entering graduate students. The results are shocking 
to one who has not followed the steady depreciation in 





* Presented at the Symposium on the Place of Inorganic Chem- 
istry in the Undergraduate Curriculum at the 116th Meeting 
of the American Chemical Society, Atlantic City, New Jersey, 
September 20, 1949. 

1 Present address: University of Michigan, Ann Arbor, Michi- 


2 These examinations are given to entering graduate students 
in the fields of analytical, inorganic, organic, and physical chem- 
istry. It should be emphasized that these examinations are 
designed primarily to test the students’ working knowledge of the 
individual fields and are not designed to test the students’ intel- 
ligence. or thinking ability, The results of the examination 


together with individual interviews are used to guide entering 
students in electing courses to remedy serious deficiencies. 
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undergraduate inorganic instruction over the past ten 
to fifteen years. The most recent such examination 
with a summary of the replies is given below. 


Orientation Examination—Inorganic Chemistry 
September 14, 1949 


(Time allowed: 90 minutes) 


Right Wrong 


1. Write equations outlining a practical labo- 
ratory method for the preparation of the 
following compounds. 


8 56 (a) Copper acetate (from metallic copper). 
13 51 (b) Hydrogen bromide. 

7 57 (c) Boron fluoride. 

4 60 (d) Phosphine. 

1 63 (e) Silver fluoride (from silver nitrate). 

2. Write equations outlining a major indus- 
trial process for the manufacture of the 
following chemicals. 

8 56 (a) Hydrogen. 

13 51 (b) Nitric acid. 

9 55 (c) Magnesium. 

8 56 (d) Bromine. 

14 50 (e) Phosphoric acid. 

3. Give common oxidation states for the fol- 
lowing elements in their compounds. 

49 15 (a) Copper (2 states). 

27 37 + (6) Chromium (3 states). 

16 48 (c) Manganese (5 states). 
21 43 (d) Phosphorus (3 states). 
35 29 (e) Chlorine (5 states). 

4. Compare the behavior of the following sub- 
stances under the indicated reaction 
conditions. 

ll 53 (a) Reaction of oxygen with Li, Na, K. 

12 52 (b) Reaction of Zn, Cd, Hg, with sodium 
hydroxide solution. 

4 60 (c) Neutralization of H;PO,, H;PO;, and 
H;PO, with excess NaOH. 

10 54 (d) Reaction of AsC);, SbCl, BiCl; with 
excess NaOH. 

1l 53 (e) Behavior of NaBr:2H,O, MgBr.-6H,0, 


AIBr;-6H,O under dehydration condi- 
tions. 

5. Complete the following reactions. Assume 
that the experimental conditions are 
such as to favor the reaction indicated, 
if such a reaction actually occurs. 
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1 63 (a) Pb;O, + HNO; (dilute) > 
12 52 (b) S + H.SO, > 

7 57 (c) S + Cle (excess) > 
35 29 (d) Co + Cl, (excess) > 
29 35 (e) HS + SO. > 
47 17 (f) HS + I. — 

7 57 (g) H,02 + AgNO; Ne 
24 40 (h) BaO, + H:SO, > 

5 59 (t) CuO + NH; > 

6 58 (j) SO; + NH; > 


The 64 students who took these tests come from 52 
different schools located in 23 states. Sixty per cent of 
the students received their undergraduate training in 
A. C. S. accredited Departments of Chemistry. The 
average scholastic index is higher than 5.0 (5.0 = B), so 
that these students must be considerably above the 
average of the “professional chemists” graduated in 
1949 from the schools of this country. 

Yet but eight students of this selected group of 64 
could suggest a reasonable method of converting copper 
into copper acetate, and only one of the 64 recognized 
that silver fluoride is soluble in water and could not be 
precipitated from aqueous solution in a manner analo- 
gous to silver chloride. Other than the electrolysis of 
water, which is responsible for an insignificant amount 
of the hydrogen produced today, only eight of the 64 
students could give a major process for the production 
of hydrogen. Only 13 of the 64 recognized that the 
major source of nitric acid today is from synthetic 
ammonia. Even more depressing are the responses to 
questions 4(b) and 4(d). Here, even without a knowledge 
of the facts, a student with a working knowledge of the 
periodic system should have been able to deduce a rea- 
sonable answer. However, the responses are poorer 
than would have been expected on a pure guess basis. 
Evidently, students today are not only ignorant of the 
simple facts of inorganic chemistry, but are not pre- 
pared to use the periodic system for prediction. 

Their total lack of feeling for or understanding of the 
phenomena of inorganic chemistry is illustrated by the 
results obtained in questions 5(b) and 5(z). Only 12 
students either know or could reason that sulfuric acid 
at elevated temperatures might oxidize sulfur to sulfur 
dioxide; only 5 could reason that copper oxide would 
oxidize ammonia to nitrogen and water. 

The poor response in this examination and in other 
similar examinations over several years cannot be con- 
sidered to be the fault of the students. The group is 
sufficiently large and comes from so many different col- 
leges and universities situated throughout the country 
that the results must be considered a reflection on the 
training afforded these students rather than a reflection 
on the students themselves. 

How have we come to this dismal situation? At one 
time it was general practice to devote two years to 
general chemistry and qualitative analysis. In these 
courses the major emphasis was on descriptive inor- 
ganic chemistry, and the chemistry students received a 
sound foundation of inorganic chemistry on which to 
base more advanced study. Within recent years two 
major changes have occurred. The time allotted to 
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these courses has been reduced, until today many 
schools have condensed both general chemistry and 
qualitative analysis into a single one-year course. 
Moreover, the emphasis has been changed so that little 
if any descriptive inorganic chemistry is now taught in 
these courses. Instead, the first-year course has be- 
come a survey course with more emphasis frequently 
being placed on physical, organic, analytical, and indus- 
trial chemistry than is placed on inorganic chemistry. 

As a result of a recent survey of the content of fresh- 
man chemistry courses, Tyree and Knight reached the 
following conclusion (2) : 

Less than a handful of departments continue to give the classi- 
cal freshman course in descriptive inorganic chemistry. That is 
to say, the bulk of the courses consist of chemical principles, such 
as atomic theory, theory of the gaseous, liquid, and solid states, 
solutions, and chemical equilibria... . . Thus, it would appear 
that instruction in freshman chemistry is tending toward a very 
elementary study of physical chemical principles, with such de- 
scriptive material as is necessary to understand these principles. 
This trend amounts to a gradual, though nonetheless definite, 
divorce of inorganic chemistry from freshman subject matter. 


Before learning of the earlier survey by Tyree and 
Knight, the present authors also carried out a survey in 
which each department was asked to estimate the frac- 
tion of time of the general chemistry course which was 
devoted to instruction in inorganic chemistry. Of the 
104 schools which replied, fully one-half indicated that 
one-third or less time of the course was devoted to such 
instruction. Indeed, a majority of the large universi- 
ties indicated that but 10 to 20 per cent of the course 
content was devoted to descriptive inorganic chemistry. 
Yet only a minority of these schools have an “ad- 
vanced” course in inorganic chemistry which is required 
of chemistry majors. 

Consider for a moment what such a schedule means— 
a total of three to six weeks to cover the chemistry of 
all of the elements and their compounds! In discussing 
this problem with staff members at various schools the 
authors have learned of courses where the general chem- 
istry schedule permits but one-half a lecture to be de- 
voted to the chemistry of sulfur and its compounds, 
with the chemistry of phosphorus being completely 
omitted. In such courses but one or two lectures are 
devoted to a consideration of the chemistry of all of the 
heavy metals—one lecture to present the chemistry of 
such elements as chromium, manganese, iron, cobalt, 
nickel, copper, zinc, and others! 

The situation with respect to the metals is not reme- 
died in the qualitative analysis course in those instances 
where such a course is still given. In this course the 
lectures usually emphasize theoretical topics, such as 
the law of mass action, solubility product constants, 
equilibria, etc., and little or no time is devoted to dis- 
cussion of descriptive chemistry. Only in the labora- 
tory is the student in a position to learn a little of the 
chemistry of aqueous ions, and even here the tendency is 
increasingly toward routine separation procedures and 
spot tests for specific ions with organic reagents which 
require the exercise by the student of neither knowledge 
nor intelligénce for a satisfactory analysis. 
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Under these conditions it is not surprising that for the 
most part chemistry majors today graduate with an 
abysmal ignorance of descriptive inorganic chemistry. 

In connection with this point, two of the comments 
accompanying the return of the questionnaire will be of 
interest. 


I am delighted to have your kind letter of recent date relative 
to the present status of inorganic chemistry in college and I must 
confess that as one who has taught this subject in classes averag- 
ing about 400 per year, I have noted a very definite trend away 
from the older type of descriptive inorganic chemistry. 

My attention was especially called to this while examining two 
new books which have recently come to my desk... .. These 
two books are indicative of the trend in the elementary course 
in chemistry. At least one-third of the material in many of 
these books is given to discussion of organic chemistry and in 
some instances comparing favorably with the older type course 
in this field. Many of these books no longer call themselves in- 
organic chemistry, but appear under the title “(General Chemis- 
try” or “The Science of Chemistry” or the well-known number 
of texts under the title of “Principles of Chemistry.’’ Indeed, 
if one follows modern texts, the word inorganic chemistry has 
practically been lost and the first year of chemistry is usually a 
hodgepodge of a little bit of information on all subjects (3). 

I am very much interested in this problem and shall be looking 
forward to the Atlantic City Symposium. We at the Univer- 
sity of Wisconsin feel keenly the need of more training of our 
students in descriptive inorganic chemistry. However, when we 
come to the practical question of giving the students that train- 
ing, we run into difficulties. First, there is the question of time. 
There is no place in the four-year curriculum for an additional 
course in inorganic chemistry. We even have to resort to offering 
qualitative analysis as the laboratory work for the second semester 
of general chemistry (4). 


It is interesting to note how many departements are 
unable to find room in their undergraduate curriculum 
for instruction in inorganic chemistry yet are able to 
include in the curriculum a required third semester of 
organic chemistry, frequently qualitative organic analy- 
sis. Can this be the result of the marked unbalance in 
such departments in the number of staff with special 
interests in the two fields, rather than the result of care- 
ful decision designed to give the student the best possible 
training? It is unfortunate in this day of extreme spe- 
cialization that one who retains a broad interest in chem- 
istry is a curiosity to his more specialized colleagues and 
that the extreme specialists on a staff frequently appear 
more interested in emphasis of their specialty than in 
the development of a satisfactory curriculum designed 
to give undergraduates a well-rounded training in chem- 
istry. 

Professor Sorum continues: 


The content of the field of general chemistry has expanded to 
the point where one cannot cover the material adequately. In 
the process of elimination of material to be covered, it seems al- 
most inevitable that the principles must be retained. The net 
result is that more and more descriptive material is being left out 
of the course. The new members of our staff are largely young 
men, trained in theory and inclined to feel that the presentation of 
descriptive and factual material is both unnecessary and bore- 
some (4). 


Although there are outstanding exceptions, it appears 
from these comments and from the other evidence pre- 
sented that the undergraduate courses in general chem- 
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istry and qualitative analysis no longer have as their 
objective the teaching of inorganic chemistry. More- 
over, there appears to be no reason to expect a reversal 
of the trend. On the contrary, it may be anticipated 
that the time devoted to inorganic chemistry in these 
introductory courses will continue to decrease. 

This situation appears to have arisen as the result of 
the operation of three major factors. The vast major- 
ity of the students studying general chemistry are not 
chemistry majors. It appears undesirable to many in- 
structors to attempt to teach students with primary 
interests in home economics or biology the valences of 
copper or the reactions of phosphorus. Such students 
may never have occasion to use such chemical informa- 
tion. Asa result there has been emphasis on the teach- 
ing of the scientific method and of chemical theories 
and principles which would be of interest to the major- 
ity of nonchemistry majors and would still be of interest 
and value to the relatively few chemistry majors. 

Secondly, there has been a tendency to deprecate the 
value of a knowledge of factual material in favor of an 
understanding of theoretical material. Such an atti- 
tude ignores the fact that a major function of theory is 
to permit extrapolation from known facts to unknown 
information. With no factual information to serve as 
a basis for extrapolation a knowledge of chemical theory 
is of little utility. The wider one’s knowledge of chemi- 
cal factual information the more valuable and more use- 
ful is a knowledge of chemical theory. As a result of 
this mistaken attitude we are treated to the spectacle of 
graduate students who can glibly discuss such topics as 
resonance and hyperconjugation, but who are unable to 
utilize the periodic system or to suggest any reasonable 
methods for preparing and handling a simple gas such 
as hydrogen bromide. 

Finally, there is the factor that the large majority of 
the instructors in general chemistry courses have their 
major field of interest in physical chemistry or organic 
chemistry. Such instructors, without research interest 
or experience in inorganic chemistry, without the 
knowledge or background that would enable them to 
give interest to a discussion of the behavior of the ele- 
ments and their compounds, resist the introduction of 
such material in the general chemistry course. They 
find themselves uncomfortable discussing chemical 
properties and chemical behavior of substances of which 
they have no experience other than the tenth-hand de- 
scriptions in the textbooks. They are much more at 
home with physical and organic chemical topics—sub- 
jects with which they have an intimate acquaintance in 
their own research and reading in the literature. 
Therefore, the time devoted to these subjects is growing 
at the expense of the inorganic material. 

The trend will probably continue. Unless a depart- 
ment is sufficiently large to segregate the chemists and 
chemical engineers, and possesses a staff with active 
interests in inorganic chemistry to give a stimulating 
presentation of the subject, it is probable that inorganic 
chemistry will soon be practically completely divorced 
from the first-year course. The question arises as to 
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the proper place where instruction in inorganic chemis- 
try may be given. 

The problem is widely recognized. Unfortunately, 
few departments have active inorganic divisions. Asa 
result, the few inorganic members of the staff have rela- 
tively little voice in bringing about asatisfactory solution. 
Even the A. C.S. Committee on Professional Training 
contributes to the perpetuation of the present unsatis- 
factory situation. The Committee recommends a 
one-year course in general, analytical, organic and 
physical chemistry, plus a year course in advanced 
work. It has been pointed out that in most schools 
general chemistry is primarily an introductory course to 
organic and physical chemistry. It is not inorganic 
chemistry. Thus, in effect, the Committee specifies 
study in analytical, organic, and physical chemistry 
and students can and do graduate as “professional 
chemists” without any training or knowledge of the 
fundaments of inorganic chemistry. 

Certain comments we have received illustrate the 
widespread recognition of the problem and the difficul- 
ties involved in reaching a solution. 

I have been giving considerable thought to the problem of the 
first course in chemistry and have arrived at some conclusions 
which unfortunately do not jibe with the accrediting require- 
ments. For example, it seems to me that it might be possible to 
give a principle course in the first year with such descrip- 
tive matter as would be helpful by way of illustration. In the 
second year, I think it would be just as well to cut down on 
quantitative analysis to a single semester, using the other se- 
mester to give inorganic chemistry. This might disturb the 
analytical chemists but additional work in this field could be 
taken as an advanced course if desired (4). 

We are quite interested in learning of your consideration of 
the question because it is one which is of great interest to us. 
As you may know, we have definitely followed the policy that 
fundamental principles should be taught in the first year and 
at the same time we also feel quite strongly that most present- 
day programs are definitely weak in inorganic chemistry. The 
question of how to meet both these problems is one we consider 
critical. Iam sorry to say that we do not feel we have any really 
satisfactory solution for the problem as yet (6). 


Certain schools have made some progress toward a 
solution of this critical problem. In some cases it has 
been practical to separate the chemistry and chemical 
engineering majors and to give them a vigorous course 
which includes a sound knowledge of inorganic chemis- 
try. Needless to say, for a satisfactory solution such a 


JOURNAL OF CHEMICAL EDUCATION 


course should be taught by a staff member with per- 
sonal experience and special interests in the subject 
matter. Other schools have incorporated the qualita- 
tive analysis course into the general chemistry course 
and utilize the time thus made available for a sopho- 
more course in inorganic chemistry. One institution, 
Brown University, has undertaken an intensive revision 
of the classical undergraduate chemistry courses. Its 
new program permits a more detailed consideration of 
inorganic chemistry than is usually possible in the older 
programs (7). The majority of schools appears to be 
tending to a course at the junior or senior level, which is 
required of chemistry majors, with laboratory work in- 
volving inorganic preparations. Such a course is then 
used to satisfy part of the A. C. S. requirement of one 
year of advanced work. However, it is unfortunate 
that such courses are frequently labeled ‘Advanced 
Inorganic Chemistry” and a major fraction of the time 
is devoted to such topics as Atomic Structure, Coordina- 
tion Compounds, etc., with relatively little time devoted 
to the teaching of descriptive inorganic chemistry. 

At Purdue, we have introduced for seniors a course 
termed “Inorganic Chemistry,” with two lectures and 
six hours of laboratory work per week. In this course 
the subject matter of inorganic chemistry is presented 
in a manner similar to that in which the subject matter 
of organic chemistry is presented in the corresponding 
organic course. The laboratory work consists of the 
study of both reactions and preparations and is designed 
to illustrate the lecture material as well as to give the 
student personal experience in handling and synthesiz- 
ing various types of inorganic compounds. Following 
this course students may elect an advanced lecture 
course in inorganic chemistry which presents both the- 
ory and recent developments in the field. 
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MAJOR 


Inorcanic chemistry should have a place in the train- 
ing of the chemistry major because the inorganic field 
embraces so large a portion of the total knowledge in 
the science of chemistry. Let me remind you that there 
are at least 91 elements in the earth’s crust which can be 
isolated in detectable amounts. Further, there are at 
least five more elements which can be synthesized. 
Each of these has a distinct set of properties and be- 
havior. No one can speak of having a complete basic 
understanding of chemistry until he has at least a 
speaking acquaintance with each of these elements. 
Since our knowledge of most of these elements is in- 
complete, each presents some problems for investiga- 
tion many of which are of theoretical importance. It 
is important that we know the elements sufficiently well 
to recognize the existence of these problems. 

The handling of inorganic substances constitutes an 
important portion of chemical industry. Even organic 
chemical reactions are often the action of inorganic sub- 
stances on organic compounds. Many compounds 
which are both organic and inorganic are assuming great 
importance today. There are many industries other 
than the strictly chemical ones which are dependent 
upon inorganic materials: metallurgy, ceramics, etc. 
Finally, the technical importance of inorganic com- 
pounds is increasing: new developments in ceramics 
and metallurgy, geochemistry, catalysis, corrosion, the 
atomic energy program, the developments in phos- 
phorus, sulfur, the halogens (especially fluorine), boron, 
etc. A lack of inorganic training will hinder future de- 
velopments in these and other areas. It is significant 
that there has been a definite trend among those in 
the applied fields, for example, ceramics and metal- 
lurgy, to return to the chemist for help in solving their 
problems. 

A full understanding of inorganic chemistry is not ob- 
tained by the usual sequence of chemistry courses: ele- 
mentary, analytical, organic, and physical. The last 
two courses are not in question but many feel that the 
first two should be sufficient to impart a basic knowledge 
of inorganic chemistry. My feeling is that they are of 
help in this matter but alone are insufficient. 

Fundamentally, it seems that in the introductory 
course we are seeking to lay a foundation of basic 
chemical theory with sufficient factual knowledge to de- 
velop the theory and highlight a few outstanding chemi- 
cal behaviors and uses. Certainly this alone is insuffi- 
cient to be considered adequate inorganic traitting. 

Years ago the introductory course was much more 
completely devoted to inorganic chemistry than it is 
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today. Some feel that this has been an undesirable 
trend and should be reversed. I cannot share these 
views. Twenty-five years ago, there was compara- 
tively little theoretical understanding of the funda- 
mentals of chemistry and consequently few broad prin- 
ciples by means of which to present the facts of chemis- 
try. More facts were presented because that was about 
all there was to present. The shift of emphasis in the 
elementary course is a natural consequence of chemis- 
try’s becoming more and more of a science. 

On a number of occasions, I have listened to excellent 
defenses of the thesis that qualitative analysis is the 
place where the facts of inorganic chemistry are taught 
and learned. In a great many institutions, qualitative 
analysis forms a part of the work of the first year in lieu 
of a systematic treatment of the metals. It should also 
be noted that an increasing emphasis is being placed on 
the use of qualitative analysis for a rough quantitative 
treatment of chemical equilibria. While I grant fully 
that qualitative analysis teaches many inorganic reac- 
tions and aids in gaining knowledge of the inorganic 
field it is not and should not be considered a substitute 
for a course in systematic inorganic chemistry. 

It is also true that quantitative analysis involves in- 
organic reactions. However, these are not numerous 
and the shift in emphasis in the teaching of quantitative 
analysis of recent years has been to teach less rather 
than more inorganic chemistry. 

It seems to be fairly obvious that inorganic chemistry 
deserves a place in the undergraduate curriculum and 
that the courses in introductory chemistry and qualita- 
tive and quantitative analysis are not sufficient to ful- 
fill this need. However, I am acutely conscious that 
many chemists do not share this opinion. If you are 
not already conscious of this situation examine the offer- 
ings of a representative number of educational institu- 
tions and determine how many offer courses devoted 
exclusively to inorganic chemistry. Even at the risk of 
being accused of criticizing adversely the excellent work 
of the Committee on Professional Training of the 
American Chemical Society, I would suggest rereading 
the requirements for certification of an institution by 
that Committee. Do you gain the impression that 
inorganic chemistry has equal standing with analytical, 
organic, and physical chemistry? 

Earlier we granted that inorganic chemistry once con- 
stituted a larger portion of the training of a chemist 
than it does today. We have even mentioned some 
factors which contributed to this loss of emphasis. 
Perhaps a word about the inorganic chemists’ failure to 
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stem this tide will not be out of place. If I seem to be 
critical of my colleagues, please do not feel that I am 
claiming any immunity for myself. In so far as there is 
criticism I must shoulder my full share of it. It is my 
feeling that inorganic chemistry lost its place in the 
curriculum because it failed to be the challenge to the 
student that it should have been. I have never felt 
that a rehash of elementary chemistry nor an encyclo- 
pedic listing of chemical reactions could be very stimu- 
lating to the student. Is it any wonder that few stu- 
dents realized the challenge of the field and entered it? 
The situation is all the more regrettable because, during 
this period of stagnation of the upper-level course in 
inorganic chemistry, the introductory course was under- 
going extensive study and drastic revision. How much 
farther ahead would we be if someone had only pub- 
lished a really stimulating advanced textbook on inor- 
ganic chemistry? 

We turn now to the question of when the course in 
inorganic chemistry should be given. It is my feeling 
that it should be given in the junior year after a course 
in physical chemistry. I know that this is not possible 
in most institutions. However, I make this statement 
to show two things: (1) The course should be taught 
early enough to be of use in understanding more ad- 
vanced courses and (2) the course should be taught on 
the foundation of certain basic principles of physical 
chemistry. In other words, the exact position of the 
inorganic course in the curriculum involves compromise 
and an integration with the other courses of an individ- 
ual institution. The course will be valuable whenever 
it is taught; if it comes before physical chemistry then 
certain foundations of physical chemistry must be given 
as part of the course. 

What constitutes the foundation upon which a course 
in inorganic chemistry should rest? There are the 
foundations of the introductory course: of matter, 
energy, classifications of matter, particle nature of mat- 
ter, atomic weights, atomic number, isotopes, elements, 
compounds, ionization, acids, bases, and nomenclature. 
In addition there are several others. Of major impor- 
tance among these is a clear understanding of the elec- 
tronic distribution in atoms and simple ions. The more 
detailed this information the better, at a minimum the 
order of filling s, p, d, and f subshells should be clear to 
the student as well as the concept of orbitals and mag- 
netic properties as related to the filling of orbitals by 
single electrons or electron pairs. He should also 
clearly understand the differences between the various 
types of atoms as given by Bohr: (1) all shells complete 
(inert gas), (2) one shell incomplete, (3) two shells in- 
complete (transition elements), and (4) three shells in- 
complete (inner transition elements). 

The student must also have a clear understanding of 
the types of forces acting between atoms and the charac- 
teristic properties of the resulting compounds. In the 
treatment of intermediate types of bonds, the Fajans 
rules are particularly helpful. They are based on the 
concept of the deformation (polarization) of ions and 
state that an electrovalence tends to pass over into a 
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covalence: (1) if the attraction between the atoms is 
larger, (2) if the cation is small, and (3) if the anion is 
large. A treatment based on relative electronegativity 
as influencing the partial ionic character of resonance 
forms is preferable if the maturity of the students per- 
mits such a treatment. It is obvious that consideration 
of atomic and ionic radii must accompany this presenta- 
tion. The treatment should be carried far enough to 
include coordination compounds. 

At this point the student should be able to answer 
questions about the variation of electron affinity within 
a family and a period and related characteristics such 
as metallicity, etc.; the relative volatility, hydrolysis, 
solubility, conductance (molten state), color, etc., of 
closely related binary compounds, etc.; and the varia- 
tion in acid strength of a series of hydrogen compounds 
H,X". Further, he should be aware of the need for 
further explanation in those cases where the expected 
regularities are not encountered. 

Inasmuch as separated or radioactive isotopes are so 
widely used today to obtain information about inorganic 
materials, some understanding of the fundamental 
properties of nuclei are required. This should include 
at least some consideration of nuclear statics, relation- 
ships between nuclear composition and types of particles 
emitted, packing fraction, types of nuclear reactions, 
preparation, concentration and separation of nuclides, 
and the use of tracers. 

The great majority of textbooks and courses present 
the chemistry of the elements from the standpoint of 
the periodic table. Thus, a consideration of the alkali 
metals is followed by that of the alkaline earth metals, 
etc. One should raise a question as to whether or not 
this results in the greatest amount of generalization and 
systematization. It has been my experience that it 
does not. Actually one obtains more systematization 
by taking broad groups of compounds such as hydrides, 
halides, oxides, etc., and treating them systematically 
from the standpoint of the periodic table, structure, 
bond type, etc. In each instance, general trends should 
be followed, if possible, in a quantitative manner. 

The value of a treatment of this type becomes evident 
when the chemistry of the less familiar elements is con- 
sidered. Even though students have been trained to 
make rough estimates of the properties of an unfamiliar 
element, there are very few of them who can begin to 
approach the accuracy with which Mendeleev predicted 
the properties of germanium, gallium, and scandium. 
However, with the kind of treatment given above, a 
student gains experience and confidence. A study of 
the less familiar elements convinces him that their 
chemical behavior is not strange or unusual but largely 
that which one would expect from a detailed considera- 
tion of general trends among familiar compounds. 

One must not leave the subject of inorganic courses 
without some comment on problems, written work, and 
examinations. I cannot hold with those who feel that 
one can leave to the student the matter of how he shall 
acquire his grasp of the subject being taught. I ama 


firm believer in regularly assigned problems which are 
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to be turned in, graded, and returned to the student. 
If one wishes to be sure that a student reviews some por- 
tion of chemistry which he has had in a previous course 


assign him a problem involving it. If one wishes to 
make certain that a student really masters some impor- 
tant portion of the lecture material for the week assign 
him problems involving those items. 

I wish I could refer you to a good source for problems 
of the type just mentioned but I cannot. Most of the 
really good inorganic reference books contain no prob- 
lems. The questions in those which do, fall short of 
accomplishing the aims set forth earlier. The questions 
are usually of the essay type and concerned with 
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stoichiometry. The desired questions should be specific 
and involve the application of general trends, plotting 
of data, numerical calculations, etc. The working up 
of a set of such questions is not an easy task. Although 
I now have a complete set I cannot say that I have a 
completely satisfactory set. 

Over the years I have found that frequent short 
quizzes and at least two hour examinations in addition 
to the final are desirable to give the student practice in 
attaining the objectives of the course and confidence in 
his ability to do so. In order to gain coverage in a 
reasonable time, I have turned to the simpler types of 
objective questions with quite satisfactory results. 


e A SOPHOMORE COURSE IN INORGANIC 


CHEMISTRY 


Du to the expansion of physical, organic, colloidal, 
and nutritional chemistry in the freshman textbooks, 
inorganic is being more and more curtailed in the fresh- 
man year. This makes it desirable and almost a neces- 
sity to have a sophomore, or advanced, course in inor- 
ganic chemistry to teach the fundamentals of the sub- 
ject. The inorganic that the usual freshman knows is 
limited to the first two short series in the periodic table. 
Anything below that is, to him, mostly a closed book. 

This is not intended as a criticism of either the text- 
book, the teacher, or the student. It is merely a state- 
ment of the fact. We must realize that the first-year 
chemistry as taught everywhere is general chemistry 
and not inorganic. The first course is taught, not for 
freshman chemists nor chemical engineers but for the 
general student who may be majoring anywhere, and 
this will be perhaps the last chemistry he will ever take. 
For such a course, and for such students, the texts are 
admirable, to give a broad view of-the whole field of 
chemistry, but they are not inorganic chemistry. 

An examination of eight of the newer editions of pres- 
ent-day popular texts in general chemistry shows that 
the amount of non-inorganic material presented varied 
from 36 to 62 per cent, with a mean of about 45 per 
cent. In some ways this check may not be entirely 
accurate because: 


1. It does not eliminate the descriptive material 
used in describing inorganic material. 

2. The chapters on hydrogen, oxygen artd water 

were called all inorganic, although they were 

mostly physical. 





JOHN A. WILKINSON 
Iowa State College, Ames, Iowa 


3. It may have eliminated some inorganic, where it 
had been used to illustrate some law or general- 
ization. 


However, it does give some idea of the amount of general 
material in the freshman tests. 

It is not right to assume that having had a year’s 
work in general chemistry a student is well prepared in 
inorganic, any more than to assume that he is prepared 
in organic or physical. 

The enormous amount of descriptive material in 
general chemistry is not inorganic. For example, the 
only chemistry in making sulfuric acid is the oxidation 
of sulfur or iron sulfide in air to sulfur dioxide, and the 
further oxidation of this, by air, using a catalyst, to 
sulfur trioxide, and finally the hydration of the oxide. 
A discussion of the mechanism of the lead chamber 
process or the contact process is not inorganic chemistry 
any more than is it organic chemistry to give a com- 
plete discussion of the operation of a still because it is 
used in making alcohol. 

What is needed is a course studying inorganic in the 
same manner used to study organic. If an organic stu- 
dent is asked about the reactions of acetyl chloride, he is 
able to give them, because he recognizes it as atypecom- 
pound which he has studied, whose reactions he knows. 
If a student is asked for the reactions of sulfuryl or 
thionyl chloride, he is stumped. He does not realize 
that this also is a type compound, all members of which 
act alike. The organic instructor teaches his material 
on the basis of type compounds and type reactions. 
Even a home economics sophomore girl on seeing a 
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COOH group in an organic compound, recognizes it as 
an acid, and that the compound will have some acid 
reactions. 

There are three problems that are involved in pre- 
senting such a course in inorganic chemistry: 


1. The time available. 
2. The choice of a textbook. 
3. The method of teaching. 


Iowa State College is a technical school and not a 
university, and has an outlined curriculum in chemical 
technology. In this the Department of Chemistry is 
permitted to give about what it’ pleases and is not 
bound by a general curriculum committee, as might be 
the case if the school were a university. 

In spite of the difficulty of adding more required 
chemistry courses to an already overloaded chemistry 
curriculum, in which the A. C. 8. committee has stipu- 
lated a minimum of 60 quarter credits in chemistry out 
of a possible 192 credits to graduate, there has been in- 
troduced in the sophomore year a two-credit course for 
two quarters, or about 48 class periods. Originally 
this was closely correlated with the course in quantita- 
tive analysis and was taught by the same instructor. 
Although now taught by a different instructor the two 
courses are still closely related. 

It is somewhat difficult to find a text that gives the 
material desired and at the same time does not contain 
too much other material that is not wanted. Almost 
any of the intermediate texts will serve by a proper elim- 
ination. Mellor’s Intermediate text was used first, but 
lately Foster’s ‘Inorganic Chemistry for Colleges” has 
been substituted. This book has some 900 pages, and 
is of course too large. However, the first 90 pages 
cover the usual preliminary discussion about matter, 
energy, elements, molecules, gas laws, etc., and this may 
be omitted. There are 76 pages given to organic 
chemistry and foods, 115 pages on molecular weights 
and elementary physical chemistry, which for our pur- 
pose may also be omitted. This still leaves 600 pages 
covering so-called inorganic, including descriptive ma- 
terial. Even this is too much for 48 class periods. 
We give to the student a set of study sheets, 56 pages of 
mimeographed notes. These cover what we consider 
essential for him to learn. 

When the course was first started some 30 years ago, 
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Mellor’s text was used, going through it as it was writ- 
ten. The good students were plainly bored by the 
repetition of the elementary material such as the gas 
laws, energy, molecular weights, etc., which they had 
had not only in general chemistry, but also back in the 
high-school chemistry and physics. Also at the end of 
the course the students had gained very little in inor- 
ganic because of the mass of descriptive material intro- 
duced. 

We next tried to lecture the material. This also was 
not too successful as the sophomore students were 
slightly too immature to take notes complete enough to 
get what was wanted. The present method is some- 
what of a tutor system. The class sections are limited 
to 30 students. Assignments are made in the study 
sheets and in the text, and in class questions are asked 
about this material. Often the answers are not given 
directly in the text, but may always be deduced from 
this assignment, together with generalizations that have 
been previously made, or from some rule or law the 
student has had before. The idea is to get the student 
to think in terms of his previous knowledge, to use what 
he knows, and to guess what he does not know. 

As far as possible generalizations are used, and ex- 
ceptions noted if there are any. Students usually like 
the method of generalizing and are more or less familiar 
with it from their qualitative analysis. There they 
made such generalizations, as to the solubility of chlo- 
rides, sulfates, nitrates, etc. They are also familiar 
with such generalizations as Le Chatelier’s theorem, law 
of Dulong and Petit, Faraday’s law, Graham’s law, etc., 
which they can use. 

After a brief development of the periodic table and 
atomic structure, a page in the mimeographed notes 
gives a series of rules regarding basicity, acidity, and 
stability of the oxides in the different groups, and in the 
A and B families in the groups. Similar rules are given 
for the pseudo-hydrides in Groups IV, V, VI, and VII. 

Further generalizations are made as to 


(a) Occurrence and preparation of the elements of different types. 

(b) Preparation of acids, bases and salts. 

(c) Kind of compounds and salts formed by different types of 
elements. ' 


As the families are studied the application of these 


generalizations are made and the variations in the 
family itself shown and accounted for. 
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COURSE’ 


My arn object is to describe the freshman course in 
general chemistry at the California Institute of Tech- 
nology and to consider especially the interplay between 
descriptive chemistry and theoretical chemistry in our 
presentation of the subject. I shall also very briefly 
describe those other points in the undergraduate cur- 
riculum at which chemistry majors receive instruction 
in descriptive inorganic chemistry. Finally, I would 
like to express my opinions about the general problem 
of this Symposium. 

The general chemistry course is taken by our entire 
freshman class, 7. e., by a group of students who are 
preparing to specialize in some branch of science or engi- 
neering. The text used is “General Chemistry” by 
Linus Pauling and Dr. Pauling has played a major role 
in shaping the present character of the course. 

It will be convenient to quote, in part, from a previ- 
ous description of our freshman course.” 


The course. . .covers essentially the topics customary in first- 
year college chemistry. -An effort is made, however, to present 
the material in as unified and logical a manner as is possible 
at the present state of development of science. In particular, 
there is emphasis from the beginning on the atomic and molecu- 
lar structure of matter and the explanation of the physical and 
chemical properties of substances in terms of this concept. The 
first few lectures are devoted to the atomic and molecular struc- 
ture of crystals, liquids, and gases, with emphasis on qualitative 
rather than quantitative considerations. A brief survey of de- 
scriptive chemistry in relation to the position of the elements in 
the periodic table is then presented, followed by the discussion of 
weight relations in chemical reactions. Atomic weights and 
stoichiometric calculations are not treated by the method of 
historical development, but rather in the simplest possible way, 
on the basis of atomic theory. 

The electronic structure of atoms and molecules and the na- 
ture of valence is taken up next. This subject is treated in de- 
tail, first for ionic compounds, together with a discussion of the 
phenomenon of electrolysis of fused salts and of salt solutions. 
Covalence is then discussed, followed by the definition and use of 
oxidation number and the discussion of oxidation-reduction reac- 
tions. 

The policy adopted in treating these theoretical subjects is 
that the topics which are introduced are to be treated thoroughly 
so as to be understandable by the student. It is assumed that a 
freshman student has on the average as much ability to under- 
stand theoretical concepts as an upper classman or graduate 





1 Contribution No. 1353 from the Gates and Crellin Labora- 
tories of Chemistry, California Institute of Technology, Pasa- 
dena, California. 

2 Swirt, E. H., J. Comm. Epuc., 24, 574 (1947). The de- 
scription quoted here is essentially due to Dr. Pauling. 


THEORETICAL CHEMISTRY AND DESCRIPTIVE 
CHEMISTRY IN THE GENERAL CHEMISTRY 


NORMAN DAVIDSON 


California Institute of Technology, Pasadena, 
California 


student, although his experience and training have been less ex- 
tensive. In accordance with this assumption, the detailed proc- 
esses of the conduction of electricity through a molten salt or an 
electrolytic solution and the accompanying electrode reactions 
are treated in essentially the same way as in a course in physical 
chemistry, but necessarily somewhat more slowly and with great 
emphasis on the experimental facts. One consequence of this 
thorough treatment of certain theoretical subjects in the course 
is that the number of topics considered during the year is rieces- 
sarily somewhat smaller than is usually the case and the treat- 
ment of the descriptive material consists of an intensive study 
of selected representative topics rather than a more general sur- 
vey of the entire field. 

The first set of elements selected for detailed descriptive discus- 
sion comprises chromium and manganese and their congeners. 
This departure from the conventional order has been adopted 
because the chemistry of chromium and manganese is especially 
interesting, and most students are not very familiar with it. 
These elements also provide many examples of oxidation-reduc- 
tion reactions permitting the application of the general principles 
which have just been discussed. 


We use our own set of mimeographed notes for the 
laboratory work. In connection with the lecture ma- 
terial described above there are experiments on simple 
inorganic preparations, on weight changes in chemical 
reactions, on ionic conductance and electrolysis, and on 
the chemistry of chromium and manganese. The lec- 
ture work in structural chemistry is correlated with 
laboratory exercises in which the students individually 
assemble cork ball models of some of the simple molec- 
ular and crystalline structures and then study the 
geometrical properties of these structures. 

During the remainder of the year, the lectures of 
successive weeks alternate betweem theoretical topics 
and topics in descriptive chemistry such as the halogens, 
sulfur and its congeners, nitrogen, phosphorus, and 
other nonmetals, and the various metals. 

The theoretical work of the later part of the course is 
largely a relatively thorough study of chemical equi- 
librium. Both heterogeneous and homogeneous equi- 
libria are considered and, of course, we pay especial 
attention to equilibria in aqueous solutions—acid-base 
reactions, solubilities, complex ions, and oxidation- 
reduction equilibria and potentials. This work goes 
hand in hand with the laboratory study of solution 
chemistry which culminates in qualitative analysis for 
a small selected set of elements. There is a careful 
application of equilibrium theory to the control of the 
conditions of analytical separations. Emphasis is 
placed on the principle that to understand a particular 
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system one must first understand what are the main 
over-all reactions that determine the concentrations of 
the major species present, and then use this information 
to calculate the concentration of those ions and mole- 
cules that are present in low concentrations. 

I have already stated our belief that the presentation 
of descriptive chemistry should be limited to an inten- 
sive study of selected representative topics rather than 
a more general survey of the field. Every effort is 
made to correlate the descriptive material with the 
theoretical work and to consider the chemical proper- 
ties of the elements in the light of their position in the 
periodic table and their electronic structures. At the 
same time it is emphasized that chemistry is not a purely 
deductive science, that there are many facts that are 
not adequately explained by modern theory but must 
be memorized, and that newer and more powerful 
theories are required to explain more chemical phe- 
nomena. 

Our experience is that freshmen are interested by the 
presentation of structural theory in their chemistry 
course, that they appreciate the contributions which 
this theory has made in inorganic chemistry, and that 
they are stimulated rather than disillusioned because 
there are many facts which this theory cannot at present 
explain. They enjoy learning the structures of, say, 
the oxyhalogen acids or some of the sulfur-containing 
acids. They find the structural information an aid in 
remembering the formulas of these substances and in 
thinking about their properties, even though a knowl- 
edge of the structures does not enable them to predict 
all of the reactions of these substances. 

In lectures on special topics one can illustrate the 
utility of structural considerations in explaining the 
properties of substances. For example, the complicated 
formulas and the mechanical properties of the sili- 
cate minerals may be understood in terms of their struc- 
tures. Similarly, the structures of the silicone poly- 
mers may be correlated with the interesting properties 
of these substances. In a lecture on iron and steel, it is 
possible to point out, at least in a general way, how 
the mechanical properties of these materials depend on 
the chemical properties of the iron-carbon system. 

All of our undergraduate chemists have further con- 
tact with factual inorganic chemistry in a one-year 
sophomore course in analytical chemistry and in a two- 
term senior course. Without describing these courses 
in detail, I shall mention that in their analytical work, 
the students obtain further experience in the applica- 
tion and limitations of equilibrium theory in qualitative 
and quantitative procedures. They learn a great deal 
of descriptive chemistry in connection with the labora- 
tory work and the lecture work on a qualitative and 
semiquantitative system of chemical analysis, and also 
in connection with a critical presentation of many 
quantitative procedures other than those that they 
actually study in the laboratory. The philosophy of 
this course is not the teaching of analytical chemistry, 
per se, but use is made of this subject to develop a 
coordinated background of factual and theoretical mat- 
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ter in inorganic chemistry. The senior course in inor- 
ganic chemistry considers selected topics, such as the 
rare earths, fluorine and the fluorides, the fifth and 
sixth group nonmetallic elements, solutions in liquid 
ammonia, and complex ions. Emphasis is placed on 
both the descriptive chemistry of these substances and 
on a study of their properties from a modern physico- 
chemical viewpoint, in which their thermodynamic 
constants, their rates of conversion, their magnetic 
properties, and their valence relations are considered, 
The course requires abundant reference to the chemical 
literature. We note here, too, the emphasis on the 
intensive study of selected topics rather than on a gen- 
eral survey. 

Now I would like to express my opinions about the 
general problem of this Symposium—about the relative 
emphasis in the formal education of a chemist on de- 
scriptive factual material and on more general theoreti- 
cal topics. I think that the best formal preparation for 
chemical research is one that emphasizes broad general 
principles and general methods, and is one in which the 
presentation of descriptive material is closely corre- 
lated with the presentation of theoretical topics. 
(Personally, I find a fact interesting and easy to remem- 
ber when I consider it as something to hang on to a 
theory—either as a harmonious adornment or as a dis- 
figuring, but stimulating, misfit.) 

Let me cite some recent chemical history to illustrate 
my point of view. During the war, many young 
chemists on the atomic energy projects were assigned 
to study the chemistry of the rare earths or the chemis- 
try of what we now call the actinon elements. The 
chemistry of neptunium and plutonium is a sort of a 
hybrid of uranium chemistry and rare earth chemistry. 
Most of these people had had no previous experience 
and no undergraduate instruction in either of these 
fields. But they did a good job because they had had a 
good basic training in chemical principles. They un- 
derstood how to apply ideas about oxidation poten- 
tials, about equilibria involving complex ions, about 
rates of reaction, and about other topics to the separa- 
tions they were studying. Thermodynamic reasoning 
and an understanding of the effects of ionic radius and 
charge on the stabilities of substances were of great 
value in anticipating what solid compounds of the new 
elements could be prepared and how. In the rare earth 
field, one of the outstanding advances of recent years 
has been the development of the ion exchange method 
of separation of the rare earths. I believe that the 
people who worked this out were able to do so, not be- 
cause of previous instruction in the properties of the 
rare earths, but because they had a basic training which 
enabled them to understand and apply the principles of 
ion exchange separations. 

The amount of factual information about inorganic 
compounds is growing greater and greater—and of 
course nobody tries to teach it all. I judge that there 
is nothing sacred about the particular descriptive chem- 
istry that we do teach. Most of us in qualitative 
analysis pay particular attention to the properties of a 
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selected group of ions of the metals in aqueous media 
as a function of pH, in the presence and absence of H.S 
and SH~ especially. This is good factual material. 
It can be used to give students a feeling for the value of 
the periodic table as a tool in correlating properties, 
and it can be used for instruction in the principles of 
solution chemistry. But there are other interesting 
topics which could be used in the same way—the chem- 
istry of the fluorides, for example. If partition chro- 
matography is developed into an effective and general 
method for inorganic analysis, the descriptive chemistry 
of some future qualitative course may be organized 
around the solubility behavior of inorganic ions in 
organic solvents as a function of the complexing agents 
present. 

The important thing is not just what or how many 
facts we teach but that we stimulate our students to 
have a healthy interest in facts. This, I think, is most 
effectively achieved by an intensive study of selected 


= 
CHEMISTRY 


In 1945, at the suggestion of Professor E. C. Markham, 
the Department of Chemistry of the University of 
North Carolina at Chapel Hill made a careful study of 
its undergraduate curriculum and concluded that its 
students were receiving the B.S. degree in Chemistry 
without an introduction to inorganic chemistry. To 
remedy this situation, qualitative analysis is offered in 
the third quarter of the freshman year (the third quarter 
of general chemistry being omitted), leaving time and 
laboratory space for the introduction of a new course 
into the B.S. Chemistry curriculum. The new course 
is called inorganic chemistry and carries the same pre- 
requisites as does elementary organic chemistry. It is 
required of all B.S. chemists. Many students take in- 
organic chemistry simultaneously with a quarter of 
organic chemistry. 

Inorganic chemistry is a one-quarter course, meeting 
three class hours per week and six laboratory hours per 
week. The subject matter is designed to introduce the 
student to the chemistry of all of the elements and, as 
such, does not take the place of the well-established 
advanced courses in inorganic chemistry. Rather, ex- 
perience has shown that it permits the advanced tourses 
to be advanced courses in fact, which had not always 
been the case. 
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topics in descriptive chemistry, and by constant refer- 
ence to actual experimental material and its interpreta- 
tion in connection with the presentation of theoretical 
material. If students can be taught the habit of refer- 
ring to and browsing in the original literature and the 
compendia they will be prepared to learn descriptive 
chemistry as they mature professionally. 

In conclusion, then, I think that in spite of an ever- 
increasing amount of factual information, chemistry is 
not becoming more and more fragmented. It is be- 
coming more and more integrated and unified by general 
theories and by general methods of investigation which 
are applicable to a variety of fields. More and more, 
the biochemist, the organic chemist, the physical chem- 
ist, and the inorganic chemist speak a common language. 
To participate in this synthesis, the student must have 
training in both descriptive and theoretical chemistry, 
and I believe there will be a greater emphasis on the cor- 
relation of the descriptive and the theoretical topics. 


A COURSE IN DESCRIPTIVE INORGANIC 


S. YOUNG TYREE, JR. 
University of North Carolina, Chapel Hill, North 
Carolina 


The laboratory work in inorganic chemistry is largely 
preparative, with each experiment designed to illus- 
trate a specific technique. As examples: 


1. Crystallization. This very fundamental process is em- 
phasized in several experiments, and no single experiment is de- 
vised to cover it. 

2. High Temperature Reactions. (a) The reaction between 
magnesium turnings and elementary nitrogen illustrates high 
temperature reactions between gases and solids in a protected 
atmosphere. Ordinary 1-inch iron pipe is used to construct ap- 
paratus that services several students at once from one tank of 
nitrogen. The student receives an expanded picture of the re- 
activities of these two elements. 

(b) The thermite preparation of iron (or other suitable metal) is 
an excellent “time-economy”’ experiment of this type. 

(c) The reaction between potassium carbonate and titanium 
dioxide in a platinum crucible is used to illustrate acid-base reac- 
tions at elevated temperatures. Two platinum crucibles service 
a class of 30 students. The complexing action of fluoride ion is 
easily demonstrated on the resulting melt by forming potassium 
hexafluotitanate. 

(d) By oxidizing chromite ore to chromate in an alkaline 
fusion (air as oxidizing agent) the influence of temperature on a 
chemical reaction is vividly demonstrated. Much chemistry is 
available in the treatment of the melt to obtain both chromate 
and dichromate. 

3. Reaction in Nonaqueous Solvents. Easily demonstrated 
by the direct synthesis of antimony (III) iodide in benzene. Re- 
flux conditions are demonstrated by this preparation also. 
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4. Distillation Phenomena. (a) Anhydrous distillations are 
easily demonstrated in the preparation of tin (IV) chloride or tin 
(IV) bromide by direct synthesis and purification by distillation. 
Tin (IV) bromide is somewhat preferable since an air condenser 
must be substituted for the usual water-cooled condenser. 

(b) The preparation of antimony (III) chloride by distilling 
a solution of antimony (IIL) chloride in concentrated hydrochloric 
acid is used to show much about a three-component system. 

(c) A modified flash distillation is demonstrated by dropping 
water on to the magnesium nitride prepared in another experi- 
ment, and absorbing the ammonia in water. 

5. Electrolytic Oxidation. Illustrated in the preparation of 
potassium peroxydisulfate by the electrolysis of a saturated 
solution of potassium hydrogen sulfate at 0°C. 

6. Transitions in the Solid State. ‘Demonstrated by the 
preparation of copper (I) tetraiodomercurate, which has a fairly 
sharp transition point at 71°C. 

7. Acid-Base Phenomena. (a) The Brénsted-Lowry concept 
is demonstrated in several experiments of an elementary type. 

(b) The Lewis concept is brought in with the preparation of 
several coordination compounds. 

8. Coordination Compounds. Several of the more easily 
prepared complexes are offered, e. g., potassium hexachlorostan- 
nate from tin (IV) chloride, potassium trioxalatochromate (III) 
from potassium dichromate, etc. 

9. Ion-Exchange. The separation of two simple ionic species 
with columns will be an added experiment in the immediate 
future. 


The student is required to complete 20 preparations 
during the quarter, many of which are used in subsequent 
preparations. The chronological order is not fixed as 
the apparatus for several experiments is sufficient for a 
limited number of students at any one time. In gen- 
eral, the elements used in the laboratory are those dis- 
cussed in the class, such that the two divisions of the 
course supplement each other. 

The lecture material in inorganic chemistry empha- 
sizes the periodicity of chemical and physical properties 
of the elements. Descriptive chemistry of most of the 
elements is taught by subgroups. For example, under 
the chemistry of the IVA elements, the basic chemistry 
of titanium, zirconium, and hafnium is presented, which 
includes: 


Natural occurrence, abundance, and methods of prepara- 
tion. 

Properties of the free elements. 

Preparation and properties of the oxides. 

Preparation and properties of the halides. 

Miscellaneous compounds. 


A large portion of class time is spent in the correlation 
between the observed physical and chemical properties 
of the elements (and their compounds) and more funda- 
mental properties, such as atomic radii, ionization po- 
tentials, ionic radii, electron affinities, charge on the 
ions. Useful generalizations and theories are included 
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with each chapter of descriptive chemistry. As exam- 
ples: 


1. A comparison of the properties of the chlorides of Mg, Be 
Al, and B, also the oxides of Mg, Be, Al, and B, is followed by 
the generalization of the ‘‘cross-hatch” similarity observed be- 
tween the elements in the first two periods. 


Na ggg egg 


2. The very straight-forward chemistry of the alkalies can 
be the basis for the presentation of a modified Born-Haber cycle 
theory. 

3. Under the chemistry of hydrogen, the Brénsted-Lowry 
theory of acid-base reactions as applied to many protonic sol- 
vents is presented. 

4. The chemistry of tin (with germanium and lead) is an ex- 
cellent start from which to propound the Lewis acid-base theory. 

5. An elementary theory of coordination compounds is pre- 
sented at two intervals, namely with the chemistry of group IIB 
and with the group VIII elements. 


The descriptive material presented is not the classical 
variety. For example: 


1. Under the chemistry of silicon, the silanes and the silicones 
receive more consideration than does silicon dioxide (and ce- 
ramics). 

2. Hydrogen is likened to the halogens at least as much as it is 
to the alkalies. Saltlike hydrides are discussed as well as the 
typical volatile acid hydrides of the halogens. 

3. Hydrazoic acid, hydrazine, and hydroxylamine are pre- 
sented as being at least as useful and important as the several 
oxides of nitrogen. 


Throughout the course an attempt is made to give 
the student some understanding of the nature and 
strength of inorganic chemical bonds. 

The subject of inorganic chemical nomenclature is 
treated rigorously, as is the use of chemical equations. 

Inorganic chemistry is now being taught for the third 
year. The following generalizations result from experi- 
ence with the course thus far: 


1. Little correlation is observed between the background of 
the student and his success in grasping the material in the course. 
Students having had only qualitative analysis seem to do abour 
as well as those having completed two and three years of under- 
graduate chemistry. 

2. Undergraduates taking the course are made aware of the 
scope and importance of inorganic chemistry at a propitious time 
in their chemical training. The knowledge gained is very useful 
to the students in their subsequent courses. 


The Department of Chemistry of the University of 
North Carolina at Chapel Hill, feels that this new course 
is markedly improving the situation with respect to the 
serious deficiencies in inorganic training of its under- 
graduate students. 
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AN UNDERGRADUATE COURSE IN INORGANIC 
PREPARATIONS 


Ir rue undergraduate curriculum is to include descrip- 
tive inorganic chemistry, then appropriate laboratory 
work must be provided to bring the subject matter to 
life. The analytical courses are mainly concerned with 
inorganic compounds and serve this end to some ex- 
tent, but their techniques are limited and are applied 
to only a few substances. It is logical to supplement 
analytical chemistry with synthetic chemistry. 

The values of a laboratory course in synthetic inor- 
ganic chemistry are many and varied, but in our view, 
three major aims should be emphasized. These are: 

Acquaintance with a Representative Selection of the 
Chemical Elements. A name which is read in a book has 
meaning to the reader only if it brings him a mental 
picture of something he has seen or experienced him- 
self. The freshman student of chemistry often con- 
fuses manganese with magnesium because the names 
sound alike. He will not make this error after he has 
prepared metallic manganese by the thermit process and 
seen its smooth fracture and silky sheen, or after he has 
fused manganese dioxide with alkali in the air and ob- 
tained from the melt a dirty green solution of manga- 
nite, then oxidized it further to the purple permanganate 
and struggled to get a crop of clean crystals from the 
solution. Then he will know manganese, and he will 
also have a fair idea of what a transition element looks 
like. To choose another example, the name titanium 
should be more than a name to the chemist, for it repre- 
sents a common substance which is becoming quite im- 
portant. The name should evoke visions of the soft 
white powder of titanium dioxide, of the liquid tetra- 
chloride which fumes incredibly in moist air and must 
on no account be spilled on the clothes, of the violet 
trichloride solution, and so on. 

Metals and nonmetals, transition, pretransition and 
postransition elements, heavy and light elements should 
be included in the course, to give as fair a sampling of 
the periodic table as is possible in the time allowed. 

The Practice of Different Technique. Preparative in- 
organic chemistry introduces techniques not met in 
analytical or organic chemistry. Among the useful 
techniques that can be illustrated are selective crystal- 
lization, the use of a tube furnace and a crucible fur- 
nace, the handling of substances sensitive to moisture or 
to oxidation by the air, the manipulation of gases, the 
production of amorphous substances like silica gel or 
phosphate glasses, the use of catalysts and ion ex- 
changers, and the techniques of electrolytic oxidation 
and reduction. 

Illustration of the System of Inorganic Chemistry. 


HAROLD F. WALTON 
University of Colorado, Boulder, Colorado 


This is the most important aim of any course in inor- 
ganic chemistry, in the laboratory or otherwise. Inor- 
ganic chemistry has much more system and logic to it 
than the average chemist realizes, and this fact cannot 
be overemphasized. Of course, every element has 
peculiarities of its own. We welcome these peculiari- 
ties, for they make chemistry interesting; life would be 
dull without all the different phosphates, the hydrides 
of boron, and the many strange covalent compounds of 
mercury; but these peculiarities are, so to speak, the 
elevation of the building whose floor plan is the periodic 
system. 

If the periodic system is the floor plan of inorganic 
chemistry, there is a key which unlocks all the doors. 
This is the idea of ionic and covalent binding, in con- 
junction with the four covalency rules of Fajans and 
Sidgwick which tell us the factors favoring one type of 
binding against the other. These rules are only qualita- 
tive and they have their exceptions; the ideas (of ionic 
deformation) behind them are rather crude; yet they 
are enormously useful in correlating the facts of inor- 
ganic chemistry, and the laboratory work we are about 
to describe illustrates them again and again. The 
chemist who knows the covalency rules knows his way 
about the periodic table and knows his inorganic chem- 
istry. 

A few other fundamental concepts are necessary to an 
understanding of inorganic chemistry. These include 
acids and bases, acidic and basic strength; oxidation 
and reduction, oxidation-reduction potentials; coor- 
dination and coordination number. 

With these three general aims in view—to provide 
acquaintance with the elements, to teach techniques, 
and to teach principles—we shall proceed to show by 
examples how a course in inorganic preparations might 
be planned. It is not suggested that all of these experi- 
ments be undertaken in one quarter, or even in two, but 
it is hoped that an interesting and useful selection might 
be made from the preparations listed below. 

1. Anhydrous Metal Chlorides: Magnesium Chlo- 
ride, Aluminum Chloride or Bromide, Titanium Tetra- 
chloride. Together with sodium chloride, this series 
illustrates the increase in covalent character that goes 
with increasing charge of the cation (or potential cat- 
ion). The degree of covalent binding is shown by the 
volatility of the halide and by its hydration and hy- 
drolysis. Anhydrous magnesium chloride is made by 
heating the hexahydrate in a current of hydrogen chlo- 
ride gas and finally fusing it. Until one has done this, 
he has no idea how difficult it is, yet the dehydration of 
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magnesium chloride hexahydrate is a very important 
industrial process. Titanium tetrachloride is made by 
heating titanium dioxide with carbon in a stream of 
chlorine. Many other anhydrous chlorides can be 
made in this same manner, by substituting the appropri- 
ate oxide; this is therefore a general group reaction. 
Such general reactions as the Friedel-Crafts or Canniz- 
zaro reaction are well known in organic chemistry, and 
it is reassuring to know that inorganic chemistry has its 
general reactions too. 

2. Anhydrous Ferrous and Ferric Chlorides. The 
main purpose of this pair of preparations is to illustrate 
the rule that high charge favors covalent binding. Fer- 
rous chloride is made by heating iron in hydrogen chlo- 
ride gas, ferric chloride by heating iron in chlorine. The 
two are as different from one another as chalk from 
cheese. Ferrous chloride is white and hardly volatile 
at all, while ferric chloride is formed as a violet vapor 
which condenses into hundreds of sparkling leafy black 
crystals, just like a miniature black snowstorm—one of 
the most beautiful experiments of inorganic chemistry, 
which when once seen is never forgotten. Ferrous 
chloride dissolves in water without hydrolysis; ferric 
chloride hydrolyzes considerably and is also very deli- 
quescent, so that it is a test of skill to collect and bottle 
the product without its becoming brown and sticky. 
Ferric chloride is soluble in many nonpolar solvents. 

8. Barium Chloride. Impure barium sulfate min- 
eral is reduced with carbon at a red heat to the sulfide, 
which is dissolved in a minimum of hydrochloric acid. 
Iron is oxidized to the ferric form before being precipi- 
tated as the oxide. After the iron is out it is easy to 
crystallize pure BaCl,-2H.,O. The experiment illus- 
trates the use of a crucible furnace and the production 
of a pure compound from a mineral, and, incidentally, 
the covalency rules—in the easier hydrolysis of ferric 
ion compared with ferrous, and in the easy dehydration 
of barium chloride compared with magnesium chloride. 

4. Chromous Acetate. Potassium dichromate is re- 
duced with zinc to obtain the chromous ion. The color 
changes show the progress of the reduction, which is 
typical of the reduction of compounds of transition ele- 
ments. After the chromous acetate is precipitated, the 
filtration, washing, and drying are a severe test of tech- 
nique, as the solubility is rather high and the moist 
product is oxidized extremely easily by the air. Chro- 
mous acetate will reduce cupric sulfate solution to cop- 
per, but cupric chloride to cuprous chloride only. This 
behavior can be interpreted from oxidation potentials 
and solubilities. 

5. Potassium Dichromate and Ammonium Molyb- 
date. ‘The former is prepared from chromite mineral by 
fusion with alkali in presence of an oxidizing agent, and 
the latter from the mineral molybdenite by roasting in 
the air to obtain molybdenum trioxide. Techniques of 
selective crystallization are practiced, while the relative 
ease of oxidation of molybdenum compared to chro- 
mium illustrates the general periodic table trend that in 
the A subgroups the higher oxidation states become 
more stable as the atomic weight increases. 
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6. Dioxides and Tetrachlorides of Tin and Lead. In 
these B subgroup metals the higher oxidation states be- 
come less stable as the atomic weight increases. The 
intense colors of the compounds of the transition metals 
are absent, and the number of oxidation states is more 
restricted here than in the transition groups. By com- 
paring these tetrachlorides with the corresponding di- 
chlorides, the covalency rules are again illustrated. 
Lead dioxide is appropriately made by alkaline oxida- 
tion of a plumbous salt, alkaline oxidation being another 
“general” type of reaction. 

7. Potassium Iodate from Iodine, and Vice Versa. 
This is an exercise in oxidation and reduction. In the 
first preparation iodine displaces chlorine from potas- 
sium chlorate. In the second, potassium iodate is re- 
duced back to iodine with sodium bisulfite. The exact 
amount of bisulfite needed must be found beforehand by 
titration. If too much is added, iodide instead of iodine 
is formed. In this pair of experiments we start with 
iodine and finish with iodine, thus conserving material 
and storage space. 

8. Complex Salts and Coordination Compounds. 
Very many examples may be chosen here, but a good 
one is potassium trioxalatoferriate, K;Fe(C.0,);-3H20. 
Its stability may be compared with that of other ferric 
complexes by an easy qualitative test. The great sta- 
bility of the FeFs= complex, which seems at first sight 
to defy the covalency rules, may be noted. Alterna- 
tively, it is instructive to prepare complex salts of tri- 
positive cobalt containing ionic and nonionic chlorine. 

9. Gases; Oxides of Nitrogen, Nitrosyl Chloride, 
Boron Trifluoride. The course should include the prepa- 
ration of at least one gas. Nitric oxide is interesting as 
its molecules have an odd number of electrons and un- 
dergo many addition reactions. Boron trifluoride is 
interesting as a “Lewis acid.” 

10. Electrolytic Preparations: Potassium Chlorate 
and Perchlorate, Titanium Trichloride. Here are oxida- 
tion and reduction in their simplest form, direct removal 
and addition of electrons. The techniques are interest- 
ing and not at all difficult. The current and time of 
electrolysis are noted and current efficiency calculated. 
Studies could be made, if time were available, of the 
effect of experimental conditions, such as electrode ma- 
terial, current density, temperature, and pH, on the 
yield. The cleanness and freedom from by-products in 
this method as compared with chemical oxidation and 
reduction will be noted. In this case it is feas- 
ible to imitate industrial processes on the small scale. 

11. Special Compounds. If possible the course 
should include one or two compounds of special interest 
as individuals, or as representing special characteristics 
of a particular element. We suggest the peroxides and 
peroxy-compounds, hydrides, the sodium phosphates 
(including the amorphous glasses), and the so-called 
basic beryllium acetate. 

These examples will indicate how a course of prepara- 
tions may be chosen which will fulfill the three general 
aims stated above. It remains to make a few com- 


ments concerning the conduct of the course and the 
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possibilities for its development and integration with 
other courses. 

To give diversity of experience, the preparations in an 
undergraduate course should not be too long. An 
average working time of thre~ to four hours per prepa- 
ration is about right. This is working time, not elapsed 
time; a solution may be left overnight to crystallize, or 
an electrolysis may be left for several hours without 
attention save for an occasional look at the ammeter, 
while something else is done in the meantime. Some 
preparations will take less, some more time than that 
suggested, but very long or elaborate preparations, such 
as lithium aluminum hydride, are best left for a gradu- 
ate course. 

The products are not made simply to be admired. 
After every preparation a few simple tests should be 
made on the product to shows its properties. 

More emphasis should be laid on the quality of the 
product than on the percentage yield, although both 
are important. ~The appearance is a good indication of 
the quality, but sometimes qualitative tests may be 
made for likely contaminants. Sometimes a quantita- 
tive assay is desirable. This is most easily done volu- 
metrically, using standard solutions prepared and 
standardized by the instructor. There is no reason, 
however, why the inorganic preparations course should 


* 
OF CALIFORNIA 


I am axap to take part in this symposium which deals 
with instruction in inorganic chemistry, largely because 
it affords me an opportunity to give credit to the late 
Professor William C. Bray for his contributions in this 
field. You may recall that Don Yost dedicated his 
volume on “Systematic Inorganic Chemistry” to Pro- 
fessor Bray and I, too, would like to dedicate my re- 
marks to him since it was largely his philosophy which 
had guided the development of inorganic chemistry at 
Berkeley. 

Professor Bray believed that the freshman course 
should be built around the laboratory work and that 
this work should be carried out in highly supervised 
study sections. With this in mind he designed our 
freshman chemistry building with its many small 
rooms, each providing laboratory space for twenty-five 
students. Each room has one or, frequently, two in- 
structors, and the laboratory work of the section may be 
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not be correlated more closely with the quantitative 
analysis course, to mutual advantage. It is a refresh- 
ing change to analyze a product one has made himself, 
instead of an anonymous sample drawn from the stock- 
room, and the results may be very illuminating. One 
discovers how hard it is to make really anhydrous 
chromium trioxide, for example, and how complex the 
metal phosphates may be. 

Correlation with the physical chemistry course is also 
possible. Where an acid is prepared, let its ionization 
constant be determined; let the preparation of titanium 
trichloride be followed by measurement of the oxidation 
potential of the titanous-titanic system. Unless high 
accuracy is desired these determinations are not hard. 
The study of current efficiencies in electrolytic prepara- 
tions has already been mentioned, and there are other 
possibilities. 

Finally, after each experiment a few short written 
questions should be assigned. They should be thought- 
provoking, not merely factual. Some may concern 
preparative problems, e. g., “How would you prepare a 
kilogram of anhydrous ferrous chloride?” but major 
emphasis should be placed on the periodic system and 
its use. For example, ‘Why is calcium peroxide harder 
to prepare than barium peroxide?’”’ The answer to 
this is implied by the covalency rules. 


INORGANIC CHEMISTRY AT THE UNIVERSITY 


WENDELL M. LATIMER 
University of California, Berkeley, California 


changed to a class discussion at any time by the instruc- 
tor stepping to the blackboard. ' 

The course aims to teach the general principles of in- 
organic chemistry as outlined in the Hildebrand text 
and by the end of the year to get the student to the 
point where he can read the literature of inorganic 
chemistry as presented in the Latimer and Hildebrand 
“Reference Book.”” The laboratory work is a carefully 
planned sequence of experiments which are designed to 
give an understanding of chemical equilibrium and the 
principles of qualitative analysis. Professor Bray was 
one of the leaders in the development of formal schemes 
of qualitative analysis, as for example, the Noyes and 
Bray ‘Analysis for the Rare Elements.” In spite of 
this, Professor Bray was opposed to teaching formal 
qualitative analysis. He held that the students should 
be taught those principles which enabled him to de- 
velop methods of analysis. We hope that at the end of 
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the freshman year our students will be able to use not 
merely a scheme of analysis but any scheme of analysis. 

In the first term of our second year we give an intro- 
ductory course in quantitative analysis which stresses 
the general basic techniques of quantitative determina- 
tions. Thisis followed by a term of advanced quantita- 
tive where the student receives more drill in “end-point 
determinations,’”’ but where the emphasis is on methods 
of quantitative separations. For this work we believe 
that the Swift ‘““A System of Chemical Analysis” is in a 
class by itself. If you wish to know just how good 
your students are as analysts give them a tough alloy 
with many elements and see what they can do. My 
guess is that they will end up using the Swift “System.” 

Finally, in the inorganic analytical field, we offer a 
course in micro and ultramicro techniques given by Dr. 
Cunningham of Professor Seaborg’s group. We regard 
this training as especially important for students who 
expect to work in radioactive or so-called “nuclear 
chemistry.” 

Our most important upper division advanced inor- 
ganic course is the one developed by Professor Bray in 
the field of reaction kinetics and now given by Dr. Con- 
nick and Dr. Powell. This course is characterized by 
Bray’s meticulous insistance on attention to details. 
For every reaction he asked the questions: (1) What is 
the main reaction? (2) Are there side reactions? (3) 
What is the nature of the equilibrium state? (4) What 
can be said of the rate of the reaction? (5) Ifthe rate 
is measurable, what is the rate law for the reaction? (6) 
Finally, what mechanism will account for the rate law 
for the reaction? 

The student learns to answer these questions by plan- 
ning and interpreting experiments in the laboratory. 
Examples of reactions studied are: the oxidation of 
iodide by iodate and hydrogen peroxide, the catalytic 
decomposition of hydrogen peroxide by the bromide- 
bromine couple, the decomposition of nitrous acid, the 
reduction of nitrous acid by ferrous ion, and the reduc- 
tion of hydroxylamine by zinc. 

I do not know of an equivalent course given any- 
where in the country, and I regard it as the most essen- 
tial factor in our training in inorganic chemistry. 

Our other advanced inorganic course is a lecture 
course which I give and for which I wrote the “‘Oxida- 
tion Potentials” as a text. It stresses the thermo- 
dynamical interpretation of inorganic data. I call it a 
parlor conversation course in chemistry since I strive to 
fix in the student’s mind those facts which will enable 
them to discuss intelligently the chemistry of any ele- 
ment. As a minimum requirement a student should 
know the oxidation states of each element; and for each 
state, he should know the formulas of the simple and 
complex ions, something of the acidic and basic nature 
of the state, and at least a qualitative idea of the poten- 
tials required to oxidize or reduce the state. For exam- 
ple, if one knows that the formula of pervanady]l is 
V(OH),* and that with alkali it forms hexavanadate 
H.V.017;—~ and that in acid solution, the pervanady] is 
an oxidizing agent about like bromine, then, I believe, he 


‘more negative from left to right. 
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can at least talk intelligently about the +5 state of 
vanadium. 

I use my system of potential diagrams, which I intro- 
duced in ‘‘Oxidation Potentials’ to correlate a vast num- 
ber of reactions. As an example of the use of such dia- 
grams, I will discuss the case of neptunium for which 
we have the following formal potentials in 1 M HCl 


~0.44 
23{ 014 2om 2° 144 


Np — Np*+? ——> Np*+* ———> Np0. + ———> NpO,++ 
—0.94 








It will be noted that the potentials become progressively 
This means that the 
+3, +4, and +5 states are all stable with respect to 
disproportionation. The least stable is the +5 state, 
but even here the reaction has 0.4 volt against it, and 
will not occur appreciably unless there is present some 
agent which complexes preferentially with the +4 or 
+6 state. This is true of sulfate ion, and a dispropor- 
tionation equilibrium is set up in sulfuric acid solutions. 

The Np-Np** potential is highly positive, so the 
metal will dissolve in hydrochloric acid, but the reac- 
tion will stop at Np** since the Np+*-Np+ couple is 
negative. From the value of this last couple, —0.14, 
one can predict that oxygen of the air will oxidize Np** 
rapidly, z. e., the H:O.—O2 couple is a rapid oxidizing 
agent up to —0.6 volt. By the same reasoning one can 
predict that oxygen of the air will not readily oxidize 
Np*‘* to NpO.t or NpO,.++*. Since the intermediate 
states are stable, the over-all potentials such as Np+*- 
NpO,*+—0.44 are not significant. 

One can also state that hot concentrated nitric acid, 
which is about like Cl, in potential, will oxidize the 
metal to NpO.** going through each of the intermediate 
states. One would also be confident that NpO,++ in 
6 N HCl would slowly evolve Cle. The potential is 
only slightly unfavorable and the volatility of Cl, will 
allow the reaction to proceed. 

I could continue this type of correlation at consider- 
able length, but this is sufficient to illustrate my point. 
However, it is also of interest to note predictions which 
can be made with regard to reaction rates. The Np+*- 
Np+‘ and the NpO.+—NpO,+*+ couples should be readily 
reversible since they involve only the transfer of single 
electrons. On the other hand it may be predicted that 
the Npt+4-NpO,* couple is not reversible, as considera- 
ble energy will be required te break the Np—O bonds. 

I believe that this type of course has considerable 
value in that it gives the student a framework on which 
he can continue to hang additional facts for the rest of 
his life. However, it is no substitute for the laboratory 
approach developed by Professor Bray, and if a student 
must choose between the two courses I certainly recom- 
mend the laboratory work as the more valuable. 

This concludes my summation on the positive side 
for our department. On the negative side, we give no 


organized work in inorganic preparation, although we 
do have a few students each term doing special problems 
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in this field. I regard this as unfortunate. In my 
early days I took a course in inorganic preparations from 
Professor Harkins at Chicago, and I have always re- 
garded this training as highly valuable. Also, I believe 
that Professor Schlesinger at the University of Chicago 
has made one of the few major contributions to inorganic 
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chemistry of the past fifty years in his work on the 
chemistry of boron. On the other hand, when it came 
to working out the chemistry of plutonium in a short 
time, I think that the performance of the boys with our 
Berkeley thermodynamic reaction-kinetic training was a 
real tribute to the philosophy of William C. Bray. 


* WHAT DOES INDUSTRY EXPECT OF THE 
INORGANIC CHEMIST? 


Wauen producers of a chemical commodity wish to 
improve the quality of a particular product, or extend 
its uses, or expand outlets for it, they undertake a 
market survey. Actual and potential consumers are 
consulted to determine if the particular material meets 
specifications with respect to quality. Samples may be 
offered for test and application research. The superior- 
ity of the commodity in question over competitive arti- 
cles of commerce is cited in an effort to arouse latent or 
dormant interest. Possible uses may be discussed with 
potential customers in an effort to cause those who have 
lacked information or who may have been prejudiced 
to undertake their own tests and studies. Opinions are 
solicited from old and new customers and from possible 
clients. Every effort is then made to satisfy the legiti- 
mate demands of the user of the commodity. 

As educators we, too, have a production job on our 
hands! It is an even more important one because we 
deal with the “human” raw material in its formative 
years. How we shape, mold, and develop the student 
affects not only the prospective employer who is inter- 
ested in the services of our “product” but, more im- 
portant, it affects the human being who comes under 
our influence. 

A preliminary survey was therefore conducted among 
a selected group of professional chemists outside of the 
academic fold. Each one was asked to express an 
opinion on the training of inorganic chemists. Replies 
were based only in part on the following questions 
which were submitted in order to help each one formu- 
late an opinion: 

1. Where can inorganic chemists be used in your 
organization? In the chemical and allied in- 
dustries? : 

2. What other technical fields need the sexvices of 
inorganic chemists? 

3. What background do you expect of prospective 


L. F. AUDRIETH 


Noyes Laboratory of Chemistry, University of Illinois, 
Urbana, Illinois 


employees who come to you as “Inorganic 
Chemists’’? 

4. The statement is often made, “We want our em- 
ployees trained in the fundamentals of chem- 
istry.” What do you believe is implied by 
this statement? 

5. If inorganic chemists are poorly trained does the 
fault lie in descriptive or theoretical knowl- 
edge? 

6. Do you believe that some chemical engineering 
background is desirable for an inorganic chem- 
ist? 


Replies were enlightening and significant. A num- 
ber of the respondents agreed to allow their statements 
to be made a matter of record. Their comments follow 
below. On the basis of this preliminary survey certain 
very definite conclusions may be presented: 


1. Inorganic chemistry is not to be confused with 
general chemistry, nor with physical chemis- 
try. : 

2. Modification of undergraduaté chemical curricula 
to include an advanced level course in “inor- 
ganic chemistry” is definitely needed. 

3. Training in “fundamentals” implies a thorough 
background in physical chemistry. 

4. Systematic descriptive inorganic chemistry to- 
gether with some background in chemical 
engineering, is desirable. 

5. Inorganic chemists find employment in the re- 
search, development, production, sales, and 
management phases of chemical industry; 
their services are distinctive in such borderline 
fields as metallurgy and ceramics. 

6. The academician, responsible for the training of 
chemists and chemical engineers with speciali- 
zation in the field of inorganic chemistry, needs 





‘to do an advertising and selling job to better 
acquaint actual and potential employers of the 
potentialities of men and women with training 
in inorganic chemistry. 


The following comments were contributed by various 
sources. 


FROM L. F. YNTEMA 
Director of Research, Fansteel Metallurgical Corp., North Chicago, 
Illinois 

There is a good historical reason for the lack of inter- 
est in inorganic chemistry in this country. The 
founders of the American school of chemistry were 
trained in Europe during a period in which organic and 
physical chemistry were new and interesting fields, and 
in which inorganic chemistry was mainly concerned 
with the analysis of minerals and similar materials. It 
is only natural that these men were attracted by the 
new developments, and that they continued work in 
these fields upon their return to America. As a result, 
inorganic chemistry suffered both in emphasis and in 
the number of men engaged. 

The courses in inorganic chemistry were very largely 
described as general chemistry and were given in the 
freshman year. These courses were and are still often 
taught by men mainly interested in other fields. 

A very natural result was that students, upon com- 
pletion of their work in chemistry, which contained a 
limited amount of inorganic taken in the freshman year 
and physical and organic taken later in the course, 
assumed that the latter constituted more important 
fields of the science. If they elected to carry on gradu- 
ate work, it was usually in the fields of physical or 
organic. This maldistribution of emphasis has of 
course not been the rule in a number of schools such as 
Cornell and Illinois. 

I believe it imperative that chemistry majors be re- 
quired to take a course in inorganic which corresponds 
in its requirements to the advanced level of other 
junior and senior courses. 

I have been out of touch with the teaching of inor- 
ganic chemistry for a number of years, but it appears 
that students are not receiving an opportunity to learn 
enough fundamental descriptive information. 

Some chemical engineering training should be in- 
cluded in the curriculum. Modern languages, French 
and German, should also be required. The inorganic 
chemist should have a reasonable understanding of 
analytical equipment; he should know what contribu- 
tions X-ray and spectrographic analysis can make to 
the solution of inorganic problems. 

It is of interest to note that a number of important 
contributions to metallurgy have been made by inor- 
ganic chemists. The classical example of this is, of 
course, the development of the technology of tantalum 
by Dr. C. W. Balke. It appears that only a well- 


trained inorganic chemist has the point of view re- 
quired for some of these difficult jobs. 
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FROM R. A. PENNEMAN 
Section Leader, Los Alamos Scientific Laboratory, New Mexico 


The materials produced by the Atomic Energy Com- 
mission are primarily inorganic and, as such, have 
opened a great new field for inorganic chemists. In my 
opinion, inorganic chemists should have a considerable 
background of factual information but arranged against 
a framework of theoretical principles of both inorganic 
and physical chemistry. The failure of training is 
often the result of trying to cram with detailed descrip- 
tive chemistry without theoretical guidance to order the 
facts, which are then promptly forgotten. 

When students, chemists should have more practice 
thinking along lines as they must do in a later research 
capacity. A start along this direction could easily be 
made in connection with the many “research papers” 
the student is called on to write during his training. In 
addition to an orderly presentation of the literature sur- 
vey it would be desirable to view the project as a start- 
ing point for research and submit suggestions along such 
lines as: What points in this field are poorly covered? 
What new lines of research are suggested in this or re- 
lated fields? Is there a theory which would indicate 
possible directions of approach? What equipment 
could be used advantageously? 

Some background in chemical engineering would be 
helpful. In addition, exposure to the rapidly growing 
field of instrumentation would be valuable, since there 
are a multitude of research aids with which many 
chemists are unfamiliar. 


FROM E. 0. BRIMM 


Division Head, Laboratory, Linde Air Products Company, Tona- 
wanda, New York 


First of all, what is an inorganic chemist? I would 
define him, in a negative way, as one who is not working 
exclusively with reactions or properties of carbon com- 
pounds, and, in a positive way, as one who has particular 
knowledge of the reactions and properties of inorganic 
compounds and has a background in physical and ana- 
lytical chemistry. His training should be broad both 
in descriptive knowledge—what compounds are known, 
how they are prepared, and how they react under vari- 
ous conditions—and in theoretical knowledge—what we 
know about structures, energetics, rates, and mecha- 
nisms of reaction. Obviously if he is trained exclu- 
sively in the latter, he is not an inorganic chemist, but 
what we choose to define as a physical chemist. 

If recent books are an indication, the trend in inor- 
ganic chemistry is toward structural chemistry. Such 
books as “Anorganische Struktur-Chemie” by Hiickel; 
“Crystal Chemistry” by Evans; ‘Crystal Chemistry” 
by Stillwell; “Electronic Theory of Chemical Binding” 
by Rice; and ‘Nature of the Chemical Bond” by Paul- 
ing are concerned primarily with this approach, and 
“Modern Aspects of Inorganic Chemistry” by Emeleus 
and Anderson includes this factor where feasible. Re- 
cent graduates have not had training in this field. 
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I believe, then, that training in inorganic chemistry 
should be broad in descriptive matter, taught from the 
standpoint of structure, with subsidiary courses solely 
on molecular and crystal structure. Advanced courses 
in analytical chemistry, and, especially, physical chem- 
istry should be taken. 

The number of graduates who major in inorganic 
chemistry is small. This may be a result of a small de- 
mand for men with such training. It is more likely 
that this is a result of limited contact with the field. In 
most cases the only experience with inorganic chemistry 
is in the freshman year. The feeling seems to be that if 
taught to freshmen, the subject must be limited. 

A fault in the teaching of inorganic chemistry is that 
undue emphasis is placed on aqueous solutions. Al- 
though many materials are prepared commercially in 
aqueous solution, there are many fields which are non- 
aqueous. Metallurgical processes depend for their suc- 
cess on the properties of the slags, which are molten 
inorganic solutions, and which have been developed on 
an empirical basis only. The viscosity of a slag is im- 
portant and could be considered as a property of a truly 
inorganic polymer. Related to this is the field of 
ceramics—glass, enamels, firing of clays, etc. The field 
of phosphors for fluorescent lights and cathode ray tubes 
is inorganic and in general involves reactions of and 
diffusion in solids. Some consideration should be given 
to properties and reactions at high temperatures. 

In answer to your specific questions: 

1. We are interested in commercializing new fields 
in inorganic chemistry. As a result, we need men who 
know descriptive chemistry and who have training in 
physical chemistry and the theoretical side of inorganic 
chemistry. We need broad knowledge since the work 
is exploratory in nature. We also are interested in 
synthetic single crystals. In allied companies we are 
interested in inorganic chemistry as applied to prepara- 
tion of metals and extraction from ores. 

2. Fields which need the services of inorganic chem- 
ists are: 


(d) Fine Chemicals 
(e) Heavy Chemicals 
(f) Catalysis 


(a) Metallurgy 
(b) Ceramics 
(c) Phosphors 


3. See Item 1. 

4. The fundamentals of chemistry are covered in the 
subject of physical chemistry, and they are applicable 
no matter what descriptive chemistry is considered. 
The fields of chemistry, other than physical chemistry, 
differ primarily in the descriptive material which is con- 
sidered. 

5. It is our experience that poor training is largely a 
lack of theoretical knowledge. 

6. A survey course in chemical engineering is de- 
sirable but not necessary. When a research program is 
to be commercialized, and this is the goal of industrial 
research, it is desirable to have, or obtain, inférmation 
which will enable one to translate the process to large- 


scale operation. A knowledge of the factors which are 
involved in large-scale operation is helpful. In larger 
organizations it seldom is necessary for the research 
man to do the development work; he will, however, 
assist the development group. 

A more important consideration is that the man real- 
izes he was hired to enable the company to increase its 
income. This means he must be able to suggest new 
problems and decide when a program should be aban- 
doned, as well as to solve problems. This is a matter of 
judgment and experience, and it cannot be taught in a 
course. 

The technical knowledge of a man is important, but 
it is not the only consideration. Research in industry, 
as well as increasingly in other organizations, is carried 
on by teams. It is important that people be able to 
work with others. 


FROM J. W. REYNARD 


Personnel Division, E. I. du Pont de Nemours and Company, 
Wilmington, Delaware 


In du Pont we are not so much concerned about the 
training of inorganic chemists as we are about the fact 
that so few students are doing advanced work specifi- 
cally in this field. Many who call themselves inorganic 
chemists in reality are physical chemists. We are inter- 
ested in individuals with this type of training but I am 
simply emphasizing the need for more training of the 
pure inorganic type. In our Company, we use inor- 
ganic men in several of our departments for research 
and development, technical service, laboratory control, 
and other functions depending upon their level of train- 
ing. The better the students are trained to appreciate 
that each inorganic element is just as full of possibilities 
for interesting research as the elements carbon and nitro- 
gen have proved to be, the more useful they will be in 
industrial research. 

I feel that more emphasis should be given to theoreti- 
cal material (and less to descriptive information). I 
am afraid that interest in inorganic chemistry may have 
been lacking in the past because so many of the text 
books and courses consisted of discussing one element 
after another, describing physical properties, chemical 
properties, reactions, etc. If a moye basic framework 
of information could be set up and broad generalizations 
established, then the student should be able to fill in 
the details. So far as graduate students are concerned, 
we feel that training in analytical, physical, and organic 
chemistry should supplement the inorganic study, and 
for many of our positions some courses in chemical engi- 
neering are quite advantageous. Industrial problems 
call on many phases of a man’s training and it appears 
unwise to specialize too completely in graduate school. 


FROM C. A. STIEGMAN 


Technical Director, Oldbury Electro-Chemical Co., Niagara Falls, 
New York 


The granting of a degree is only the beginning in the 
making of an inorganic chemist, and I feel that a mis- 
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take is made by some universities in attempting to turn 
out a finished product in the short time allowed. The 
student would have a better foundation upon which to 
continue his education after graduation if more empha- 
sis were given to teaching him how to scientifically 
approach and analyze a problem and if more emphasis 
were given to develop a scientific method of thinking. 
Less emphasis should be placed on cramming the mind 
of the student with all kinds of chemical facts and fig- 
ures. 

Most young graduates are lacking, as you say, “‘in the 
fundamentals of chemistry.” Specifically, we have 
found college graduates who were unable to set up the 
simple proportions necessary for calculating reactants 
and others who could not compute the grams per liter 
of oxalic acid required to make up a normal solution 
when used as an acid or as a reducing agent. These 
same individuals could talk in a general way about the 
shifting of electrons from one orbit to another and had 
all the words necessary to discuss the inconstancies of 
Planck’s constant. In general, a student should be 
taught how to reason and how to apply the fundamen- 
tals of chemistry. Less effort should be made to cover 
a smattering of all the fields of science embodied in 
chemistry. 

The graduate has very little idea of what his job will 
consist and of what is expected of him in industry. 
Courses should be included in the curriculum to familiar- 
ize him with such things as the economics in industrial 
research, the steps necessary in developing a commercial 
chemical, the functions of the various divisions in a 
chemical company, the availability and cost of chemi- 
cals and their relationship to a research program, etc. 
The students should have some idea of how a chemical 
company operates. 

The student should have the opportunity to familiar- 
ize himself with the different positions in industry utiliz- 
ing inorganic chemists. The chemical market research 
men should have courses in general business. This 
applies equally to those contemplating chemical sales 
or technical service work. Those planning to obtain a 
position in production should have courses in employer- 
employee relationship and factory management. We 
use inorganic chemists in all these fields, including re- 
search and development. 

The general idea of having a final examination as the 
crux of the student’s life is, in my estimation, poor in 
that it continually presents a short-term criterion. If 
one passes, he is a success; if one fails, he is a failure. 
In an industrial job, there are no systematic climaxes 
such as these to continually incite the individual toeffort; 
hence a lot of otherwise good men go “‘sour” by uncon- 

 sciously letting down in their first industrial jobs. 

We think it is desirable for our chemists to have a 
short course of unit processes in the chemical engineer- 
ing background. The few poorly trained inorganic 
chemists I have known were lacking in descriptive 
rather than in theoretical knowledge. 
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FROM S&S. S. KISTLER 


Associate Director of Research, Norton Company, Worcester, 
Massachusetts 


I think that the largest single defect that I have 
observed in inorganic chemists of my acquaintance has 
been their too meager knowledge of structure in crystals 
and its physical significance. If this criticism is a valid 
one, it would indicate that a course in crystal chemistry 
would be in order. 

The chemist usually goes through life with the the- 
oretical background that he gets in college. He learns 
many additional facts, particularly of an applied nature, 
subsequently but his theorizing is generally pretty 
primitive if he has not had a very thorough foundation 
in chemical and physical theory at the university. 
Therefore, I would stress, in a course designed to turn 
out high grade inorganic chemists, a considerable 
amount of physical chemistry, electrochemistry, crystal 
chemistry, and as much theory in these fields as can be 
crammed in, relying upon him to learn the applications 
afterwards. 

So much of what a chemist encounters in industry 
eventually leads to problems of flow of heat, flow of 
fluids, crushing, drying, etc., that the fundamentals of 
chemical engineering are a valuable background for him 
to have. 


FROM W. I. PATNODE 


Assistant to the General Manager, Nucleonics Department, Gen- 
eral Electric Company, Richland, Washington 


Referring to graduate chemists at the B.S. level, I 
have never been in favor of narrowing their education 
to the point where a limiting descriptive term, such as 
“fnorganic chemist,” “analytical chemists,” etc., would 
be meaningful. The longer I stay in technical work and 
the more graduates I see simply confirm this view. I 
believe that industry is best served by graduates who 
understand basic science, who are aware of the relation- 
ships between the various fields of study, and who com- 
prehend the philosophy of the scientific method of 
analysis and solution of problems. Whether his per- 
sonal preference and primary interest are in physics, 
chemistry, biology, etc., is of secondary importance 
providing that he understands the fundamental princi- 
ples that underlie all sciences, and is able to use mathe- 
matics and think clearly. I believe that the wide- 
spread criticism of technical education that one hears 
today is valid; namely, that too many men are earning 
degrees by the process of ‘‘once over lightly,” not only 
of the unimportant subjects but of the important ones 
as well. Too many of our recent graduates know what 
science and engineering are about but do not understand 
them adequately to justify the time and expense of the 
effort. The limitation of technical education to narrow 
fields for the purpose of producing specialists is the 
trovince of trade schools. Colleges and universities 
following this practice should give special degrees. 
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I believe that a certain amount of specialization is 
necessary and desirable in graduate education leading 
to the Ph.D. Here the terms “inorganic chemist,” 
“analytical chemist,” etc., can have real meaning in the 
sense that the individual is first of all a scientist and 
secondly has his primary interest and knowledge in the 
named field. It should be understood, however, that 
the name denotes the field of interest of the past several 
years and does not necessarily predict the future. By 
the further expenditure of like effort the same individual 
could earn another descriptive name, and occasionally 
does. 

I believe the inorganic chemist should be familiar with 
the properties of all of the elements and their compounds 
with the exception of the carbon compounds which 
provide a special field of theirown. This is not as diffi- 
cult as it once was since our knowledge of atomic struc- 
ture and ionic species is now much more comprehensive 
and generalized. In addition to this general knowledge 
the individual should have a specialty that he knows 
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intimately and to which he has probably made contribu- 
tions of knowledge. This field may be theoretical, 
descriptive, or methodological, and makes no difference 
so long as the knowledge is thorough and the interest to 
increase it keen. 

I stress the importance of an understanding of basic 
knowledge and of an awareness of the interrelationships 
of the sciences in order to introduce an element of versa- 
tility. The most successful industrial scientists I know 
are able to distinguish between important and unim- 
portant activities in their broad fields of science, and 
they hold their views on the basis of their own knowl- 
edge. This implies comprehensive knowledge of the 
field, the ability to assemble facts, and to recognize 
important leads that turn up in research. We ex- 
pect an industrial scientist not only to “work on” a 
problem but to finish it and begin a new one. There are 
few men more unfortunate than the highly trained 
specialist who has worked himself out of a job by bril- 
liant performance and has nowhere else to turn. 


¢——————- 


* A CONVENIENT DEMONSTRATION OF DIAMAGNETISM 


DIAMAGNETIC forces are generally recognized; the 
diamagnetism of certain elements is indicated frequently 
on charts of the Periodic Table. Yet this property is 
not commonly demonstrated at the lecture table. 

We have found that a crystal of bismuth about a 
quarter of an inch long furnishes admirable evidence of 
this property. Crystals can easily be knocked out of a 
suddenly cooled bismuth mass. The crystals, however, 
are so small that they do not form a satisfactory class- 
room demonstration by themselves. I have found 
that, by mounting such a small bismuth crystal on a 
square of Scotch tape, which also adheres to a length of 
thread; and, by the same means, fastening a colored 
broomstraw to the thread higher up, a typical Alnico 
demonstration magnet will be sufficient to give a satis- 
factory indication. Rotating the magnet while the 
crystal is freely suspended shows the persistence with 
which the crystal remains directly across the magnetic 
field. 


‘ 


ERICH A. O’D. TAYLOR 
Portsmouth Priory School, Portsmouth, Rhode Island 
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* TITRATIONS WITH VANADIUM (II) 
SOLUTIONS FOR ELEMENTARY 
QUANTITATIVE ANALYSIS 


Presvumasty because of the difficulties inherent in the 
preparation and storage of the titanium (III)!~‘ and 
chromium (II)** solutions, undergraduate students 
are scarcely anywhere given the opportunity to acquaint 
themselves with the technique of a reductimetric titra- 
tion. This paper is intended to call the attention of 
teachers of quantitative analysis to the possibilities 
inherent in the use of vanadium (II) solutions. 


EXPERIMENTAL 


Preparation of the Solution. About 12 g. of commer- 
cial ammonium metavanadate are dissolved in 50 ml. 
of 5 F (20 per cent) sodium hydroxide, and this solution 
is poured into 100 ml. of 6 F hydrochloric acid with 
stirring. Any precipitate of hydrous vanadium (V) 
oxide (due to incomplete solution of the vanadate in the 
sodium hydroxide) is filtered off, and about 25 g. of 
heavily amalgamated (about 10 per cent mercury) 
zinc are added. With continuous stirring, the reduc- 
tion to purplish-blue vanadium (II) is complete within 
5 or 10 minutes: any intermediate brownish color is 
due to the hydrolysis products (VOH++ and VO* *) 
of vanadium (III). These are only slowly reduced and 
should be neutralized by the addition of more acid. 
The solution is diluted to one liter and stored in contact 
with excess amalgamated zinc. A solution thus kept 
and used as described below does not change in titer 
by as much as 0.2 per cent in three months. 

Titration of Iron (III). About 40 ml. of the solution, 
in a 250-ml. Erlenmeyer flask provided with a rubber 
stopper having a 1-cm. hole in its center, are treated 
with saturated sodium bicarbonate until a permanent 
precipitate of hydrous iron (III) oxide is formed, then 
25 ml. are added in excess, followed by 25 ml. of 1 F 
potassium thiocyanate. 

The buret for the vanadium (II) solution is converted 
into a miniature Jones reductor to ensure complete 
reduction of the solution by filling it with the heavily 
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amalgamated zinc to just below the 50-ml. graduation. 
To prevent clogging the stopcock, several short lengths 
of 3-mm. glass rod should be placed below the zinc, 
and 10-mesh zine should be used. After the addition 
of the zinc, the buret is rinsed thoroughly with the 
vanadium (II) solution, then filled. Any air-oxidation 
which may later occur in the buret tip is counteracted 
by running a few drops of the solution to waste immedi- 
ately before the titration is begun. 

On standing, there is an appreciable volume of hy- 
drogen formed in this column, which of course would 
cause a corresponding error in the volume of solution 
used. This effect does not, however, amount to more 
than a very few hundredths of a milliliter in the few 
minutes required for a titration, and this small error is 
of almost no importance. In order to assure contact 
of the descending solution with the entire surface of the 
zine, a column which has stood for some time should be 
tapped sharply several times before beginning a titra- 
tion to dislodge the bubbles of hydrogen. It is im- 
portant to note that chromium (III) and titanium (IV) 
are too slowly reduced by metallic zinc to allow this 
device to be used for titrations with such solutions. 

When all the preparations have been completed, the 
iron solution is treated with 6 F hydrochloric acid until 
the color of the thiocyanate complex appears, then 
about 0.5 ml. is added in excess. The acid must be 
added in small portions and with vigorous shaking to 
ensure complete removal of dissolved oxygen by the 
carbon dioxide thus evolved. The buret tip is inserted 
through the hole in the stopper, and the vanadium (II) 
solution is added at a rate not greater than 5 ml./min. 
This provides a considerable margin of safety in the 
length of time the solution is in contact with the zinc. | 

The reddish color of the iron complex begins to fade 
about 0.3-0.5 ml. before the end point, which is taken 
as the sudden change from a reddish-orange to the clear 
light green of the vanadium (III) thiocyanate complex. 

Twelve titrations of 30.00-ml. portions of an iron 
(III) solution, found to be 0.1270 N by titration with 
standard dichromate, required in mean 36.11 (+0.05) 
ml. of a vanadium (II) solution found to be 0.1055 N 
when compared with the same dichromate (see below). 
The theoretical value is 36.11 ml., in exact agreement 
with this mean. The 12 individual values varied from 
35.98 to 36.32 ml., a maximum deviation of 0.6 per cent. 

Titration of Chromium (VI). The chromate or 
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dichromate solution is treated successively with 25 ml. 
of saturated sodium bicarbonate in excess of that re- 
quired to neutralize it to chromate, 0.10 ml. of 0.1 F 
iron (IIT) solution, and 20 ml. of 1 F potassium thio- 
cyanate. The vanadium (II) buret is filled as vefore, 
then the chromium solution is treated with just enough 
acid to produce the deep red color of the iron (III) 
thiocyanate complex: as before, the acid must be 
added in small (2-3 ml.) portions with vigorous shaking. 
The titration is carried out according to the procedure 
used in the iron (III) titration. The end point is taken 
as the change from red to bluish-gray; one drop of the 
reducing agent in excess gives a clear light blue. The 
color change is most easily perceived in dilute solutions, 
and can be located to better than 0.05 mi. even with 
(0.002 N solutions. Whether or not a blank correction 
must be applied depends, of course, on the relative 
amounts of chromium and iron present and on the 
accuracy expected. It is most easily calculated if the 
student is provided with an iron (III) indicator solu- 
tion whose concentration is known to 10 per cent or so. 

Eight 40.02-ml. portions of an 0.1000 N dichromate 
solution prepared from Bureau of Standards potassium 
dichromate required, after applying the blank correc- 
tion, 37.93 (+0.04) ml. The extreme values were 
37.84 and 38.18 ml. 

The student’s grasp of what he is doing will probably 
be improved by performing the titrations in the order 
here given, introducing the complications of the chro- 
mate titration after he has mastered the theory of the 
reaction with iron (III). This would require standardi- 
zation against electrolytic iron or some other iron 
standard, such as an analyzed ore containing nothing 
which does not react with hydrochloric acid to give a 
product inert to reduction. 


THEORETICAL 


Both vanadium (II) and vanadium (IIi) form thio- 
cyanate complexes, which are related by the equation 


V(SCN)2-* + V(SCN):~* + e; E° = 0.21, v8 


This standard potential is intermediate between those 
for the titanium (III-IV) and chromium (II-III) 
systems. Accordingly, vanadium (II) tends to react 
avidly with any dissolved oxygen, causing erratically 
high results. It also tends to react with hydrogen ion: 


V(SCN)2-* + H+ — V(SCN):~* -- 1/2.H2; K = 4600 


but this reaction apparently requires such a high energy 
of activation that its rate is negligible in solutions con- 
taining no other constituents than these. However, 
it seems to be induced by other redox reactions, so that 
accurate results can scarcely be expected if the solu- 
tions are much more strongly acidic than the above 
directions provide. To give some extreme examples, 
the titration of iron (III) in 1 F hydrochloric acid (no 
thiocyanate) consumes 40 per cent too much, and that 


+ 


§ Merrss, L., Ph.D. Thesis, Harvard University, 1947. 
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Amperometric Titration of 100.0 ml. of 0.00557; F Iron (III) in 0.25 F 
Potassium Thiocyanate with 0.1055 F Vanadium (II) at Eq.6. = — 0.25 v. 
versus S. C. E. 


Theoretical end point: 5.29 ml.; found, 5.30 ml. Diffusion currents 
have been corrected for dilution. 


of copper (I) in the same medium nearly 300 per cent 
too much, of the reducing agent. 

Unlike chromium (II) and titanium (III) vanadium 
(II) can lose more than one electron per atom in the 
presence of excess oxidant, and Figure 1 shows that this 
process does indeed take place. Near the beginning 
of the titration the diffusion current (7. e., concentra- 
tion) of iron (III) decreases much more rapidly than 
would be expected if the reaction were simply 


Fe(SCN)*++ + V(SCN)2-* — Fe*+*+ + V(SCN)3-* + SCN- 


showing that some of the vanadium is being oxidized 
to the +4 state. This is later re-reduced to vanadium 
(III), so that the over-all reaction is faithfully repre- 
sented by this equation. Entirely similar phenomena 
are observed in the chromate titration, but the initial 
slope of the curve is so much more negative that one 
must conclude that most of the vanadium (II) added 
near the beginning is oxidized to vanadium (V). 
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* THE ACCEPTANCE OF NEW OFFICIAL NAMES 
FOR THE ELEMENTS’ 


Ar rue XVth Conference of the International Union 
of Chemistry at Amsterdam, Sept. 5-10, 1949, names? 
were officially given to four missing elements and four 
transuranic elements, and conflicts in names or spelling 
of names were resolved for six elements. The action is 
summarized in Table 1. 





TABLE 1 
New Official Names of Elements 
Element Official name Symbol 


4 Beryllium Be 
41 Niobium Nb 


43 Technetium Te 
61 Promethium Pm 





Competitive Usage 





Glucinium (GI) in France 
Columbium (Cb) in the U. S. 
alone 
Masurium (Ma) 
Ilinium (Il); 
(Fr) (rare) 


Florentium 


71 Lutetium Lu Lutecium (Lu) in English 

7 Hafnium Hf Celtium (Ct) (rare) 

74 Wolfram WwW Tungsten (W) in English and 
the Romance languages 

85 Astatine At Alabamine (Ab) (rare) 

87 Francium Fr Virginium (Vi) (rare) 


91 Protactinium Pa Protoactinium (Pa) 


93 Neptunium Np 


94 Plutonium Pu 
95 Americium Am 
96 Curium Cm 





There is little doubt of the universal acceptance of the 
names for the four elements apparently missing in na- 
ture (technetium and promethium now isolated in 
milligram quantities from the fission of uranium, and 
astatine and francium, both short-lived) or of the names 
for the four transuranic elements (neptunium, pluto- 
nium, americium, and curium) all of which were obtained 
in visible quantities as a result of the atomic energy pro- 
gram. The names of all of these elements were con- 
ferred following objective procedures outlined by 
Paneth’ in 1947. The discovery of hafnium is clearly 
established in the work of Hevesy and Coster‘ and the 
competitive name celtium has fallen into disuse. 





1 Editor’s Note; It is some time since the first announcement 
was made of these proposals of The International Union. Reac- 
tion to them has been varied, and the publication of this paper 
does not imply editorial approval or disapproval. We think, 
however, that the authors’ point of view deserves to be pre- 
sented, so that readers can form their own opinions. 

* Staff Report, Chem. Eng. News, 27, 2996 (1949). 

3 Paneta, F. A., Nature, 159, 8 (1947). 

4 Costrr, D., anp G. Hevesy, Nature, 111, 79, 182, 252 (1923); 
Hevesy, G., Chem. Revs., 2, 1 (1925). 


CHARLES D. CORYELL 

Massachusetts Institute of Technology, Cambridge, 
Massachusetts 

NATHAN SUGARMAN 

University of Chicago, Chicago, Illinois 


The real test of the effectiveness of the recommenda- 
tions of the Commission on Inorganic Nomenclature 
and the Commission on Atomic Weights of the Interna- 
tional Union of Pure and Applied Chemistry, and the 
test of the interest of scientists in normalizing nomen- 
clature in fields of common use, will be the speed and 
thoroughness of acceptance of the new names for ele- 
ments known along time. This resolves essentially into 
the elimination in France of the name glucinium in 
favor of beryllium, the elimination in the United States 
of the name columbium in favor of niobium (used else- 
where in the world including Britain), and the elimina- 
tion in the English world and Latin world of tungsten 
and its linguistic variants in favor of wolfram. Special 
attention is drawn in Table 1 to these last two changes. 

The authors of this paper are at present completing 
the editing of a major collection of research material 
(336 separate papers)* dealing with the wartime work on 
the nuclear chemistry and analysis of the fission prod- 
ucts, elements 30 through 64. An obligation was felt 
to support the new recommendations, particularly for 
niobium since this element plays an important part in 
the work; but it was not certain that American chem- 
ists and physicists would welcome an ex post facto 
change in their manuscripts. The question of the 
change was therefore put to vote to the 20 authors who 
have papers dealing importantly with niobium and to 
35 other leading chemists and physicists, formerly or 
presently involved in the U.S. atomic energy program. 

The results of this ballot gave overwhelming support 
(46 to 4) for the officially proposed name niobium. 
Most of those who commented gave as a principal rea- 
son for their acceptance the principle that American 
scientists should give full support to international de- 
cisions democratically achieved. 

As a result of this action, it has been decided to use 
the word niobium exclusively for element 41 and wolf- 
ram exclusively for element 74 in the book, but to intro- 
duce in parentheses the previously accepted name 
(columbium or tungsten) the first time in a paper that 
the name for the element is encountered. 

It is recommended that all writers and teachers who 
support the revised nomenclature put it into use effec- 





5 CorYELL, C. D., anp N. Sugarman, “Radiochemical Stud- 
ies: The Fission Products,’ Vol. 9, Div. IV of the National 
Nuclear Energy Series, McGraw-Hill Publishing Co., New York, 
1950. 
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tively now. Editors of scientific publications could 
give the revised nomenclature strong support by re- 
quiring that the writer at least cite the official proposals? 
if he should decide against using them. 

The International Union has also asked for discussion 
of the desirability and feasibility of normalizing names 


* SIMPLIFIED EYE WASHER FOR GENERAL LABORATORY USE! 


Many small laboratories cannot afford to purchase 
commercial eye-washing stands, particularly when more 
than one is needed for maximum laboratory safety. 
This new laboratory safety aide, a simplified eye washer, 
is not as efficient as the commercial product, but it can 
be constructed easily and at little cost. The following 
materials are necessary for its construction: a rubber 
bulb-type toilet plunger, a few elbow (pipe) joints, a 
few short lengths of small-diameter water pipe, a water- 
pressure regulator, and a faucet or spring valve. A 
cross-sectional and a placement view of the eye washer 
may be found in Figure 1. 

The bulb-type toilet plunger, A, which serves as the 
eye-washing cup, is pierced through the top and in- 
verted to fit over the small-diameter pipe, which may 
be connected to any water source. The open end of the 
rubber cup should be trimmed slightly to facilitate con- 
tact between the eye and the water stream. One, or 
preferably two, small holes are pierced at the bottom of 
the cup to permit water drainage while the eye is in con- 
tact with the cup. 

The eye washer should be placed over a sink, or some 
other readily accessible place where the water may be 
allowed to drain properly. By use of a few elbow joints, 
and some small lengths of pipe, the eye washer may be 
extended well over the sink, thus eliminating possible 
head injuries during use. 

The water flow in the eye-washer cup is adjusted by a 
water-pressure regulator, B. The water stream should 
rise to the top of the cup or a little above. In this way 
the pressure of the water meeting the eye may be varied 
by an up or down motion of the head on the compres- 
sible rubber cup. ‘ 





_! The authors wish to acknowledge suggestions made on de- 
sign by R. A Borden. 
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of other elements whose roots vary among the modern 
languages to make the modern roots conform to the 
symbols (e. g., natrium Na, kalium K, aurum Au, etc.). 
Such a step cuts across more classical chemistry and 
affects more languages than the one reported here and 
should be discussed widely before being brought to vote. 


J. F. CORWIN and R. McGONIGAL 
Antioch College, Yellow Springs, Ohio 
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Figure 1 


Maximum eye safety would be enhanced by a con- 
stant water flow through the eye washer. However, 
satisfactory eye safety may be attained through the use 
of a faucet or a spring valve, which should be easily 
accessible in close proximity to the eye-washing cup. 





STIMULATING QUESTIONS IN QUALITATIVE 


ANALYSIS 


Tue necessity for subjective examination questions 
has recently been admirably emphasized by J. H. Hilde- 
brand.’ For several years, qualitative analysis quizzes 
and examinations at Lehigh University have been char- 
acterized by “paper unknowns” in which the student is 
presented with the data obtained in the analysis of an 
unknown and is asked to give correctly the ionic com- 
position of the sample. The data usually is presented 
without regard to laboratory procedure and the student 
who merely memorizes the qualitative analysis scheme 
almost invariably receives a lower grade than the stu- 
dent who studies the inorganic chemistry of the ele- 
ments with which the scheme is concerned. 

Recently, the “paper unknowns” took on a new and 
more interesting appearance. 

The questions which appeared on the quizzes of three 
sections are given below. It is recognized that further 
reading in archaeology and metallurgy might improve 
the validity of the data given. The quizzes covered 
only Groups ITI, IV, and V. 


Question 1 


In order to ascertain the make of the vehicle which was in- 
volved in a hit-run. accident, the only bit of evidence, a small 
piece of radiator grille, was submitted to you for analysis. You 
obtained the following experimental data: 

The sample was dissolved in 6 N HCl by prolonged heating. 
Only a few minor specks of material remained; these were ig- 
nored. The solution of the sample was made ammoniacal and 
saturated with H.S, whereupon Solid I was deposited. Solid I 
was separated from the mother liquor (Liquid I). 

Solid I gave a green borax bead and a black sodium carbonate 
bead. Solid I was dissolved in 6 N HNO; neutralized with 
6 N KOH and treated with Na,O2; the resulting Solid II was 
separated from yellow Liquid II. Solid II was dissolved in 6 
N HNO; giving rise to Liquid III. Liquid III gave a red color 
with KCNS. Liquid III, when made strongly ammoniacal 
precipitated a small quantity of a brown, gelatinous precipitate. 
The supernatant solution was blue and turned dimethylglyoxime 
paper red. Liquid II was carefully neutralized with 6 N HCl 
and then made strongly ammoniacal; no precipitate formed. 

On the basis of the following data of the composition of the 
radiator grilles of several stock cars, which car was involved in the 
accident and give the reasons for your choice. 





Cr Ni Cu Mn Al Zn Fe Co Mg 


Chevrolet ya x i x 
x x 





x 


x 








1 HILDEBRAND, J. H., J. Coe. Epuc., 26, 450 (1949). 


EARL J. SERFASS, RALPH F. MURACA, and 
RALPH G. STEINHARDT, JR. 
Lehigh University, Bethlehem, Pennsylvania 


Question 2 


An itinerant opium peddler is suspected of murdering an 
apprentice in a machine shop. The filings which adhered to the 
peddler’s shoes are submitted to you for analysis. Your results 
are as follows: 

The filings are completely soluble in aqua regia. The solution 
is neutralized and NH,OH and NH,Cl are added. Upon satura- 
tion with H.S the mixture is separated into Solid I and Liquid I. 
Liquid I is treated with (NH,)SO, and (NH,4)2C:0,. No pre- 
cipitate is obtained. Upon treatment of a portion of Liquid | 
with KOH, the odor of NH; is noticed. The addition of NaNH,- 
HPO, to Liquid I gives a faint white precipitate. 

Solid I is treated with 1.2 N HCl for one minute and dissolves 
completely. The solution is boiled, neutralized with Na:CO,, 
and treated with Na,O,. A reddish-brown precipitate is formed 
which dissolves in HC] and gives a red color with KCNS. The 
reddish-brown precipitate is designated as Solid II. Liquid II 
which was separated from Solid II is yellow. It is boiled, treated 
with HCl] and NH,Cl, and, upon addition of NH,OH, an almost 
transparent, jelly-like precipitate is noted. The supernatant 
from this precipitation is treated with acetic acid, NH,Ac, and 
BaClh. A yellow precipitate is formed. The remaining super- 
natant liquid gives a precipitate with K,Fe(CN).. 

The machine shop in which the murder occurred has, during 
the past week, been working on the alloys the compositions of 
which are designated in the following table: 





Fe Cu Co Ni Zn Al.Cr Mg C Si V 





Low-carbon 


steel 
Spec. Steel No. 


5 
~ * Steel No. 


Dural 
Soft brass 
Chrome steel 





Is there any definite evidence that the peddler murdered the 
apprentice? Give a complete report on your findings. 


Question 3 


The ante-chamber of the Queen’s suite in the tomb of Tut- 
Ankh-Amen is decorated with predominantly red figures. A 
smal] sample of the red matter was scraped off the wall and sub- 
mitted to-you for analysis. 

Preliminary experiments showed that no organic substances 
were present and that the material would dissolve on prolonged 
heating with HCl leaving an inert, white mass of silica. The 
HCI solution was rendered ammoniacal, saturated with H,S, and 
the sulfides (Solid 1) were separated from the supernatant solu- 
tion (Liquid I). 

Solid I gave a light green borax bead and a green sodium car- 
bonate bead. Solid I dissolved completely in 3 N HNO; giving 
Liquid II. A drop of Liquid II gave a blood red color with 
KCNS. When Liquid II was made ammoniacal a gelatinous 
brown solid precipitated (Solid IT) and the supernatant liquid 
colored dimethylglyoxime paper red. 
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Liquid I gave a voluminous, white solid on treatment with 
(NH4)2COs, and a clear, colorless supernatant, Liquid III. Spec- 
troscopic examination of Liquid III showed a red and a blue 
line at the ends of the visible spectrum, together with a yellow 
line. Liquid III gave a brilliant, yellow flame test. 

A survey of some of the minerals in the area of the pyramids 
is given below: 


On the basis of your analysis and assuming that only the above 
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minerals were used in making the paint, list the minerals present 
or absent. Give the reason for listing a mineral as absent. 


The results indicated that the students were able to 
answer the problems with unusual intelligence; and 
the composition of such problems is more enjoyable 
to the instructors need not be emphasized. 





Mineral Fe Al Mn WN Co 


Ca Ba Sr Na K 


R 
= 


Mg 





Limestone x x 
Goethite x 
Orthoclase : 
Chromite x 
Glaucophane 

Psilomelane 

Willemite 


x 


i 





EQUIVALENT WEIGHT BY REDUCTION OF COPPER OXIDE—A MODI- 


FIED PROCEDURE 


Every chemistry teacher is familiar with the experi- 
ment in which the equivalent weight is determined by 
reducing a known weight of copper oxide with hydrogen, 
and, from the loss in weight, corresponding to the oxy- 
gen removed, calculating the weight of copper which 
would combine with 8 g. of oxygen. In many institu- 
tions, however, this experiment, despite its value both as 
a quantitative exercise and as a demonstration of reduc- 
tion by hydrogen, is undertaken with misgivings, or 
avoided altogether because of the hazards present when 
hydrogen is heated by an inexperienced student. 
Here at the University of Scranton, we have carried 
out this determination using ammonia instead of hydro- 
gen as the reducing agent. In this way all dangers in- 
herent in the handling of hydrogen are eliminated, and 
the experiment may be safely performed by the most 
inexperienced student. To our knowledge, this proce- 
dure has never been included in a general chemistry 


DANIEL B. MURPHY 
University of Scranton, Scranton, Pennsylvania 


laboratory manual for the determination of equivalent 
weight. 

The apparatus is constructed as in the illustration, 
using 1.5 to 2.0 g. of cupric oxide in a porcelain boat in 
the one test tube and a mixture of 5 g. of ammonium 
chloride and 4 g. of powdered calcium oxide in the other, 
with a drying tube between. The time necessary for 
complete reduction to be effected is about 15 minutes 
and in an average freshman class, the per cent error 
ranged from 0.19 to 6.8 per cent with an average error 
of 3.1 per cent. 


Le Tn] 
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Reduction Apparatus 














Miniature Isotope 
Laboratory 


Contamination control in experimenting 
with certain radioactive isotopes is drasti- 
cally reduced in cost by the use of a minia- 
ture laboratory into which only the gloved 
hands of the technician protrude. A 
plywood box (made by the Radioisotope 
Applications Co., 1834 University Ave., 
Berkeley 3, California) and surgical gloves 
for the technician’s hands are sufficient to 
absorb low energy radiations from many 
radioisotopes. Vinylite resin-base paint 
is used inside and out because of its chem- 
ical-resistant properties. Air pressure 
within the box is kept slightly below at- 
mospheric pressure, and exhaust air is 
filtered to remove contaminating material. 
Materials producing higher energy radia- 
tions can be handled with the aid of close- 
fitting shields of plastic, lead, and steel, 
extra lead-glass windows, and _ special 
tongs operating through ball joints in the 
place of the scientist’s hands. Designed 
primarily to reduce health hazards and the 
possibility of cross-contaminating material 
in radioisotope experiments, the boxes can 
also be used with minor alterations for 
experiments with bacteria, viruses, and 
poisonous substances. 





Laminar Chart 


The Laminar Chart of the Elements 
described in J. Cuem. Epuc., 26, 248 
(1949), is now available to teachers of 
chemistry and their students as a helpful 
guide in the systematic study of the 


chemical elements. The low price (25 
cents per copy; $10 per hundred; per- 
foration for notebook optional; prices of 
large solid models supplied on request) 
and the 8!/, by 11-inch size make it 
possible for each student to have his own 
copy in his notebook or over his desk. 
For further information inquire of W. C. 
Mast, Box 241, Stow, Ohio, or A. N. 
Wrigley, 419 W. Durham Street, Phil- 
adelphia 19, Pennsylvania. A lantern 
slide in three colors, 3.25 by 4 inches, is 
also available. 


Microscopes 


Twelve new Spencer Polarizing Micro- 
scopes incorporating highly efficient Po- 
laroid optical elements in the place of cal- 
cite—at prices ranging down to approxi- 
mately one-third less than previous models 
with calcite—are announced by American 
Optical Company’s Instrument Division, 
Southbridge, Massachusetts. 


Petri Dish Holder 


A new neoprene-coated visual Petri dish 
holder is now available from Schaar and 
Company, Chicago. This newly devised 
holder allows for convenient use and stor- 
age of Petri culture dishes. The heavy 
neoprene coating affords protection 
against breakage and chipping as well as 
not being affected by sterilization and re- 
frigeration or by most chemicals. Each 
holder will hold 18 dishes, size 100 mm. X 
10 mm. or 12 dishes, size 100 mm. X 15 
mm, 


e/m Apparatus 


The Welch e/m apparatus is designed 
around a vacuum tube internally illumi- 
nated in dim light by astream of electrons 
emanating from a hot tungsten filament 
through a slit in the side of an enclosing 
metal cylinder. Mercury vapor inside 
the tube renders this stream of electrons 
visible. (Ordinarily the stream forms a 
white spot on the wall of the tube.) As 
the current is sent through the pair of coils 
surrounding the tube the visible stream of 
electrons curls into a circle, changing 
its radius with the variation in the strength 
of the current in the coils. Instruction for 
the performance of the experiment, cal- 
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culations involved, and a wiring diagram 
are furnished by W. M. Welch Manufac- 
turing Co., 1515 Sedgwick Street, Chicago 
10, Illinois. 


Magazine Exchange 


Rev. Victor Schoenberger, Trenton 
Catholic Boy’s High School, Trenton, 
New Jersey, would like to exchange the 
radio amateur’s journal QST for copies of 
the JouRNAL oF CHEMICAL EpucaTION. 
He has QST back to 1926 and is looking 
for someone who would be willing to ex- 
change QST for the JouRNAL on a copy 
for copy basis. QST is a technical journal 
covering the theoretical and practical 
side of radio transmission and reception 
with considerable closely allied material. 


Light Absorbing Chemicals 


Two highly efficient ultraviolet-ab- 
sorbing chemicals are being offered for the 
first time by Pilot Chemicals Inc., 47 Fel- 
ton Street, Waltham 54, Massachusetts. 
These are furfuralazine and cinnamala- 
zine. They are characterized by very in- 
tense absorption in the ultraviolet and by 
a sharp cut-off at the boundary between 
visible and ultraviolet light. A film 0.001 
inch thick, containing one per cent of cin- 
namalazine will filter out 99 per cent of the 
ultraviolet radiation between 3000 my 
and 390 mu. In a transparent film of the 
above-mentioned concentration and thick- 
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ness, transmission of visible light is sub- 
stantially complete at 440 mp. Furfural- 
azine, while not quite so efficient as cin- 
namalazine, is also an excellent ultra- 
violet absorber. It has the advantage of 
being essentially colorless in these con- 
centrations. 


Penguin Books 


British Penguin and Pelican Books are 
now publishing each month an issue of 
“Science News,” which is recommended 
for supplementary reading in college 
courses. For further information write 
Allen Lane, Inc., 3300 Clipper Mill Road, 
Baltimore, Maryland. 


Fine Wire 


A new method for producing wire of 
0.00015 in. diameter has been revealed by 
the Armour Research Foundation of 
Illinois Institute of Technology, 3300 
South Federal St., Chicago 16, Illinois. 
In this method the wire passes through a 
chemical bath in which an electric current 
is flowing; the wire becomes an electrode 
in an electropolishing bath and is thus dis- 
solved away to the desired size. 


Demonstration Device 


Walter Q. Bunderman, John Harris 
High School, Harrisburg, Pennsylvania, 





- 


FRIEDRICH WOHLER 
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has suggested the use of a portable box 
equipped with a fluorescent lamp to im- 
prove lecture demonstrations by better 


lighting effects. 


aint (Fuse on REAR) 
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This issue misses by one day the 150th anniversary 
of the birthday of Friedrich Wéhler on July 31, 1800. 
This seems a fitting opportunity to reproduce the pho- 
tographs of the monument at Géttingen, where he 
spent so many fruitful years (1836-82), and also his 
gravestone in the cemetery there. 

On March 9, 1843, Wohler wrote to Liebig: ‘Imag- 
ine it is the year 1900, when we have again been resolved 
into carbonic acid, ammonia, and water, and our bone 
earth perhaps has again become a constituent of the 





Wohler’s Grave in the Gottingen Cemetery 
The Stone Bears Merely His Name and Dates (1800-1882). 


bones of a dog, who defiles our grave—who will care 
then whether we lived in peace or in anger, who will 
know then of your scientific wrangles, of the sacrifice of 
your health and rest for science?—Nobody, while the 
good ideas, the new facts, which you have discovered, 
they cleansed of everything that does not pertain to 








Weohler’s Monument in Gottingen 


the matter, will be known and acknowledged even in 
the remotest periods.’’—Contributed by Ralph E. Oesper. 


Proceedings of the 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


POMONA MEETING 


A sont meeting of the regional American Chemical 
Society groups and the Pacific Southwest Association of 
Chemistry Teachers was held on ‘April 29, 1950, at 
Pomona College, Claremont, California. This was an 
all-day meeting and sectional programs ran simul- 
taneously under the headings of theoretical chemistry, 
industrial chemistry, and chemical education. The 
P.S.A.C.T. arranged the latter program. Claude 
Merzbacher, San Diego State College, presided at the 
morning session and Robert Harper, Los Angeles City 
College at the afternoon session. 

The first paper was presented at 9:30 a.m. by Jack 
C. Mathes, Sales Manager in Los Angeles for the 
Magnesium Division of the Dow Chemical Company. 
His subject, “Magnesium from Sea Water,” dealt with 
the extraction, and treatment through the finished prod- 
uct, of this important metal. His talk was accom- 
panied by a motion picture and followed by a discus- 
sion. 

At 10:30 a.m. F. Leslie Hart, chief chemist, Food and 
Drug Administration, Los Angeles, spoke on ‘“Misrep- 
resentation and False Claims,” and showed the docu- 
mentary film, “Fraud Fighters.’”’ The audience in- 
cluded standees and many were turned away at the 
doors. 

At 11:30 a.m. Arthur W. Adamson, Associate Pro- 
fessor of Chemistry, University of Southern California, 
spoke on “Recent Developments in Applied Nuclear 
Chemistry.” He accompanied his talk with demon- 
strations which were intensely interesting. 

A joint luncheon was enjoyed by all at 12:30 p.m. 
Dr. Conway Pierce of Pomona College presided and 
Frederick G. Sawyer of the Stanford Research Institute 
spoke on “Chemistry and the Future of the West.” 

A brief business meeting was called at this luncheon 
by Robert Harper of the P.S.A.C.T in order to announce 
the nominations for officers for the next year. The 
nominations were: Chairman-elect, Philip Gill and 
Frank L. Lambert; Secretary, Blanche Bobbitt and 
Sister Agnes Ann; Treasurer, Norman Kharasch and 
James McCullough. 


A panel discussion opened the afternoon session. 
The topic was “General Chemistry for Non-Science 
Majors, Its Content and Method of Instruction.” 
Claude Merzbacher, San Diego State College served 
as the panel leader. 

Dr. Harold W. Woodrow, Professor of Chemistry, 
University of Redlands spoke on the problem of inte- 
grating chemistry with the other subjects in a gen- 
eral-education type of physical science course. 

Dr. John W. Hamaker, Assistant Professor of Chem- 
istry, Whittier College, dealt with the nature of the 
student encountered in the general chemistry course for 
non-science majors. He held that the liberal arts 
course in chemistry should not be merely a watered 
down version of the professional course. He drew 
strength for his arguments from Conant’s “On Under- 
standing Science,” his later interim report, and Mc- 
Grath’s ‘Science in General Education.” 

Dr. Ambrose Nichols, Associate Professor of Chem- 
istry, San Diego State College, discussed the method and 
content of the “terminal” general chemistry course as 
applied to nonscience majors. He was interested in 
semantic difficulties involved in the definition of “‘sci- 
entific method.” He also discussed the “block and 
gap” method of presentation with reference to Mc- 
Grath’s work. 

All agreed that it was desirable to continue to use and 
teach the scientific method and that the instructor’s 
knowledge and ability and his own unique approaches 
to problems are of prime importance. 

At 3:30 p.m., Dr. Ralph James, Assistant Professor of 
Chemistry, University of California at Los Angeles, 
presented a discussion of the subject, ‘Radioactive 
Tracer Experiments in Undergraduate Chemistry 
Courses.”” A large and interested audience followed 
closely Dr. James’ examples and demonstrations of the 
sort of experiments which can be safely performed by an 
undergraduate. 

The day was concluded with a social hour in the 
chemistry laboratory where refreshments were served 
from 4:30 to 5:30. 





Report of the 


ANNUAL MEETING 


* 256th Meeting, May 6, 1950 


The 256th meeting of the New England Association 
of Chemistry Teachers was held at Lowell Textile Insti- 
tute on May 6, 1950. There was a very large attend- 
ance, over one hundred guests and members signing the 
register. The meeting opened with greetings from 
Dean G. Nathan Reed who outlined the history of Low- 
ell Textile Institute and discussed plans for its expan- 
sion. His remarks were followed by further cordial 
greetings from Professor Elmer E. Fickett, Head of the 
Chemistry Department at Lowell Textile Institute. 

The first speaker of the morning was John H. Skin- 
kle, Associate Professor of Textile Chemistry at the 
Lowell Textile Institute, who spoke on “The Textile 
Fibers Considered as High Polymers.” After discuss- 
ing the general structure of the monomer molecule of 
the textile fiber, he reviewed the influence on chemical 
and physical properties of changing the monomer, the 
chain linkage, and the end groups. Professor Skinkle 
then pointed out the effects of the arrangement of the 
chains in the fiber on the properties of the fiber itself. 

Professor Arthur R. Davis of Massachusetts Insti- 
tute of Technology next discussed ‘Arithmetical 
Problems and College Entrance.” He pointed out the 
eight chief types of problems which the student should 
know for his college entrance requirements, gave typical 
examples of each type and indicated devices which the 
teacher could use to make solving problems less me- 
chanical and to increase the necessity for logical think- 
ing. 

After luncheon, Raymond W. Jacoby, Research Di- 
rector for the Ciba Company, spoke on “Chemistry in 
Relation to Textile Processing.”” Mr. Jacoby brought 
with him a large number of samples of new types of 
textiles with which he illustrated the various new 
chemical processes used in the textile industry. This 
was a most informative and delightful paper. 

At the business meeting which was opened at 2:25 
p.M. by President John R. Suydam, the following new 
members were reported by the Membership Commit- 
tee: 

Clifford E. Keeney, Chemistry Teacher, West Springfield High 

School, West Springfield, Massachusetts. 

Norman W. Lafayette, Instructor in Chemistry, Senior High 

School, Bristol, Connecticut. 


L. A. Rich, Head of the Science Department, Dean Academy and 
Junior College, Franklin, Massachusetts. 

Melvin Silberberg, Teacher of Chemistry and Physics, East Hart- 
ford High School, East Hartford, Connecticut. 

Sister Mary Casimir, Instructor in Chemistry, Sacred Heart 
Academy, Stamford, Connecticut. 

Agnes G. Wheeler, Chemistry Teacher, Lexington High School, 
Lexington, Massachusetts. 

Helen E. Chisholm, Curator, Department of Chemistry, Connect- 
icut College, New London, Connecticut. 

James F. Conway, Head of Science Department, Lowell High 
School, Lowell, Massachusetts. 

Donald G. McBrien, Graduate Student, School of Education, 
Boston University, Boston, Massachusetts. 

Arthur N. Wrigley, Chemist, Eastern Regional Research Labora- 
tory, Mount Airy, Philadelphia 19, Pennsylvania. 


The Treasurer reported a balance of $1298.40 on 
hand, as of May 1, 1950. 

No further business appearing, the meeting was ad- 
journed at 2:40 p.m. Immediately thereafter, there 
followed the Annual Meeting. 


ef Annual Meeting 


The 52nd Annual Meeting of the New England Asso- 
ciation of Chemistry Teachers was called to order by 
the President, John R. Suydam, at 2:40 p.m. Dorothy 
W. Gifford, Secretary, made the following report: 


Report of the Secretary, May 6, 1950. The Association year 
opened with the successful twelfth Summer Conference under the 
direction of George D. Hearn as Chairman. This largest con- 
ference in our history was highlighted by fine papers, noted guests 
and a picnic distinguished by a shore dinner which will long be a 
topic of conversation. As these conferences grow in size, they 
assume an ever larger place in the life ofthe Association, offering 
as they do a unique opportunity for the exchange of ideas, the 
forming and strengthening of friendships and the acquisition of 
added information and new inspiration. 

The usual five meetings during the scholastic year have been 
held: On October 15th at Keene Teachers’ College; on Decem- 
ber 3rd at Northeastern University; on February 11th at the 
Rhode Island School of Design; on March 26th at the Connecti- 
cut Agricultural Experiment Station; and on May 6th at the 
Lowell Textile Institute. This seems to have been a year of suc- 
cessful gustatory experimentation for the lobsters at the shore 
dinner are now rivalled in fame by the Smérgasbord luncheon 
served at the School of Design. All the meetings have been usu- 
ally well attended, and at three the attendance was over one 
hundred. 

The usual meetings of the Executive Committee have been 
held. A matter of deep concern to the Committee and one 
which has had serious consideration has been finances. For a 
number of years now the Association’s yearly income has failed to 
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meet running expenses. In an attempt to solve the problem, the 
Executive Committee again this year voted, as authorized in Ar- 
ticle IX, Section IT, of the Constitution, to have the income from 
the Endowment Fund paid into the general treasury. In addi- 
tion, it was agreed to invite from each member a donation of 25 
cents toward the publication and mailing of the Newsletter, each 
issue of which costs approximately $30. This low cost is possible 
only because the members at the Massachusetts College of 
Pharmacy cut all the stencils, assemble the pamphlet, and stuff 
the envelopes at no expense to the Association except that of the 
actual paper used. 

Members may wish to know why the deficit has arisen. Partly 
it has been due to the increased cost of stenographic services, 
paper, and printing. Partly it can be attributed to the News- 
letter whose cost has just been discussed. Much of the deficit 
seems to be due to the change in the management of the summer 
conference funds. When the conferences first began, the Associ- 
ation appropriated $50 each year for the use of the summer con- 
ference committee. When that committee’s books were closed 
all profits were turned over to the Treasurer of the Association. 
These sums more often than not made a substantial contribution 
to our income for the year. On March 22nd, 1947, in an attempt 
to put the summer conferences on a more secure financial basis, 
the Executive Committee voted to transfer $200 from the treas- 
ury to a new fund, the summer conference treasury, in order that 
the committee might have more ample funds with which to begin 
work each year. The motion for this transfer stipulated that 
any amount accumulated in excess of $500 should be returned to 
the general treasury. Since that date, therefore, the profits from 
the summer conferences have been accumulating in the summer 
conference treasury instead of being turned in toward meeting our 
general running expenses. This last summer, however, the con- 
ference treasury passed the $500 balance, and the general treas- 
ury is richer this year by nearly $150. The treasurer’s report, 
which will be read today, seems to indicate that we have a good 
chance of ending this year, on June 30th, with a balance on the 
right side of the books. 

We have discussed in some detail the problem of how best to 
bring to the attention of the College Entrance Examination 
Board the syllabus which has been adopted by this Association. 
It seems that it may be advisable to submit the syllabus with a 
suitable letter to certain key persons on the board. 

The Executive Committee wishes to express to the Reverend 
Leo J. Daily its gratitude for his services as publicity agent. 
Father Daily has secured excellent press notices in the local pa- 
pers before each section meeting, and it seems quite certain that 
our increased attendance is due to a considerable extent to this 
good publicity work. 

We are proud to announce that Dr. Laurence 8. Foster, of 
Watertown Arsenal Laboratory, has consented to serve again as 
Editor of the Report and the Newsletter. We are most apprecia- 
tive of his untiring efforts in behalf of the Association and for the 
able services which he renders in this capacity. It is a fortunate 
thing for us that, when he deserted the field of formal teaching, he 
did not desert his colleagues and the N.E.A.C.T., and that he 
continues to prod, tempt, and cajole us in the best academic tra- 
dition as he submits for our edification articles in Tae JouRNAL, 
and in the Newsletter the latest personal news, the newest 
chemical quirks and reading lists labeled “MUST.” May he 
never resign. 

The Executive Committee is also pleased to announce the ap- 
pointment of Gertrude T. Eastman, High School of Commerce, 
Worcester, Massachusetts, as Assistant Editor of the N.E.A.C.T. 
Newsletier. 


For the Trustees of the N.E.A.C.T. Endowment 
Fund, Avery A. Ashdown, Treasurer, submitted the 
following report: 


Balance, May 6, 1949 $2041.80 
Income credited in the period, May 6, 1949, through 
May 4, 1950 
Watertown Cooperative Bank $ 21.26 
Newton Savings Bank 21.00 
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Two per cent of dues for 1948-49 $ 32.90 

75.16 

Balance, May 4, 1950 $2116.96 

Investments, May 4, 1950 

Five matured shares Watertown Cooperative Bank 

(at cost) $ 994.91 

Deposited in Newton Savings Bank 1122.05 

Balance $2116.96 


For the Committee on Chemical Education, Raymond 
S. Tobey reported that at the time of the summer con- 
ference, the completed and revised syllabus was ac- 
cepted subject to some slight editing, and that this syl- 
labus has now been published in the January, 1950, is- 
sue of the JouRNAL oF CHEMICAL EDUCATION. 

Ralph E. Keirstead, Curator of the Association, sub- 
mitted the following report: 


Report of the Curator, May 6, 1950. The work of the Curator 
during the past year has been largely routine, involving keeping 
the permanent membership file up-to-date and sending to new 
members the material specified by the executive committee. 
This is a considerable task because of the rapid growth in mem- 
bership. 

The receipt of two donations of Reports is gratefully ac- 
knowledged. Upon his retirement in 1949, Mr. Philip Maas of 
Philadelphia, a member since 1906, donated his set of Reports, 
virtually complete from the 25th meeting. - Professor Henry S. 
Johnson of the College of Pharmacy, University of Connecticut, 
donated a considerable number of Reports. From these two 
gifts it has been possible to add over sixty numbers to incomplete 
sets in various libraries. 

It is of interest to report that the Association has elected 1744 
persons to membership since its founding, over a hundred of them 
during the last two years. 

The project of building up sets of Reports in various libraries 
now seems at a standstill unless additional supplies of Reports 
for the first seventy-five meetings can be discovered. 


For the Membership Committee, the Secretary sub- 
mitted the following report: 


Report of the Membership Committee, May 6, 1950. On June 
30, 1949, we closed our fiscal year with a total membership of 470. 
During the academic year which we are just completing, we have 
admitted 78 new members. We have lost through death one 
member, by resignation 13 members, and by dropping for the 
non-payment of dues 17 members. Our net gain for the year is 
42, making our total active membership as of this date 517, the 
largest in the history of this Association. 

On the return cards which were mailed out with the bills for 
dues on October 1st, members of the association submitted the 
names of 91 persons who might be interested in joining us. Let- 
ters were written to all of these, and 29 new members were gained 
as a result. Suggestions such as these are most valuable in 
bringing to the attention of non-members the advantages which 
we have to offer, and aside from the summer conference furnish 
the largest source from which our new members are drawn. The 
Membership Committee urges very strongly the greater coopera- 
tion of the members in this respect. 


Dr. Laurence S. Foster reported informally that the 
past year has brought him fewer difficulties in obtaining 
manuscripts for Tae JouRNAL and urged members par- 


ticularly to submit items of interest for the News- 


letter. 

Helen W. Crawley, Chairman of the Committee on 
Honorary Membership, announced that this commit- 
tee is considering some revision in policy in regard to 
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the election of honorary members. It hopes te an- 
nounce elections to honorary membership with a fitting 
ceremony at the time of the Summer Conference. 

The President called for nominations from the floor 
for a person to be elected to the Nominating Committee 
for a period of three years. The nomination of 
Raymond S. Tobey was moved, seconded, and unan- 
imously passed. Millard W. Bosworth, whose term 
will expire in May, 1951, and Elizabeth Hollister, whose 
term expires in May, 1952 are the other members of the 
committee. 

For the Nominating Committee, Donald C. Gregg, 
as Chairman, presented the following slate of officers, 
who were duly elected: 


Officers—1950-51 

Helen W. Crawley, Walnut 
Hill School, Natick, Massa- 
chusetts 

Amasa F. Williston, Bradford 
M. C. Durfee High School, 
Fall River, Massachusetts 
(committed for one year 
only) 

Dorothy W. Gifford, Lincoln 
School, Providence, Rhode 
Island (committeed for one 
year only) 

Carroll B. Gustafson, Massa- 
chusetts College of Pharm- 
acy, Boston, Massachusetts 

Marco H. Scheer, Nashua 
Senior High School, 
Nashua, New Hampshire 

Ina M. Granara, Simmons 
College, Boston, Massachu- 
setts 

Carl P. Swinnerton, Pomfret 
School, Pomfret, Connecti- 
cut 

Leslie B. Coombs, Bradford 
Durfee Technical Institute, 
Fall River, Massachusetts 

Ralph E. Keirstead, Bulkeley 
High School, Hartford, 
Connecticut 

S. Walter Hoyt, Belmont, 
Massachusetts 

Trustee of the Endowment Mary B. Ford, Milford, 
Fund Massachusetts 


President 


Vice-President 


Secretary 


Treasurer 

Chairman, Northern Division 
Chairman, Central Division 
Chairman, Western Division 
Chairman, Southern Division 
Curator 


Auditor 


Dr. Suydam then presented the gavel to Miss Craw- 
ley, the incoming president. 

Upon motion it was voted that the Association ex- 
tends to Dr. Suydam a vote of gratitude for his services 
as President during the past two years. 

Upon motion a rising vote of thanks was extended 
to the Lowell Textile Institute for the hospitality of the 
day. 
No further business appearing, the Annual Meeting 
was adjourned sine die at three o’clock in the afternoon. 

Following the Annual Meeting, a tour of the labora- 
tories of Lowell Textile Institute gave those present 
an opportunity to inspect a number of interesting new 
pieces of equipment. ‘ 


Helen W. Crawley 


Miss Helen W. Crawley, who has been elected Presi- 
dent of the New England Association of Chemistry 
Teachers, teaches at the Walnut Hill School, Natick, 
Massachusetts. She received her early education in 
the Needham, Massachusetts Public Schools and after 
being graduated from Simmons College, she became a 
member of the Chemistry Department of Vassar Col- 
lege. She received her Master of Arts Degree from 
Vassar and has done graduate work at the Harvard 
Medical School and the University of Wisconsin. After 
four years of teaching at Vassar College, she became 
head of the Chemistry Department at the Masters 
School in Dobbs Ferry, New York., Since 1941 she has 
held a similar position at Walnut Hill School. In 1948 
she held one of the General Electric Science Fellowships 
for study at Union College, Schenectady, New York. 
She is the second woman to have been elected to the 
presidency of the N.E.A.C.T. Professor Deborah M. 
Russell, of Framingham State Teachers College, Fram- 
ingham, Massachusetts, served in the capacity from 
1936 to 1938. 

Miss Crawley’s hobby is photography. In addition 
to her teaching she does the photographic work for the 
school publications. She has a collection of colored 
slides of her trips through several of the national Parks 
and the Gaspé Peninsula. Some of these slides she has 
shown at the summer conferences. 








To the Editor: 

There has been published at least twice in the Jour- 
NAL OF CHEMICAL EpucatTIon (6, 2104 (1929) and 9, 
680 (1932)) a portrait supposed to have been that of 
John Maclean (1771-1814), the first professor of chem- 
istry in the College of New Jersey (now known as 
Princeton University). Sometime ago I came across a 
copy of this portrait in the bookshop of William J. 
Campbell in Philadelphia, and I noticed that there was 
printed a few millimeters beneath the engraving, ‘‘Eng. 
by H. B. Hall, from a photograph.” This immediately 
aroused my suspicion, for if Maclean died in 1814, it 
would have been impossible for a photograph of him to 
have been taken. After a brief search I found that the 
portrait was actually that of John Mclean (1785-1861), 
a member of the U. S. Congress in 1812, Postmaster- 
General under President Monroe, and Associate Justice 
of the Supreme Court under President Jackson. The 
portrait of Mclean, identical with the portrait which 
you have published as being of Maclean, may be found 
in “National Portrait of Distinguished Americans,” 
Vol. 4, by James B. Longacre and James Herring, 
Philadelphia, 1865. 

The same portrait of Mclean was used erroneously to 
illustrate “Considerations on the Doctrine of Phlogis- 
ton, and the Decomposition of Water by Joseph 
Priestley, LL.D.,F.R.S. And Two Lectures on Combus- 
tion and an Examination of Doctor Priestley’s Consid- 
erations on the Doctrine of Phlogiston by John Mac- 
lean, M.D.” which was issued at Princeton, New Jersey, 
in 1929 to commemorate the dedication of a new labora- 
tory. 


WynpuaM MILES 


THe PENNSYLVANIA STATE COLLEGE 
Mont Auto, PENNSYLVANIA 


To the Editor: 

Apropos of your editorial page in the current number 
of THe JourNAuL and Linus Pauling’s ideas as to the 
proper content of a chemistry text may I quote from 
the preface of an ancient book in my gem library by 
“The Honorable Robert Boyle, esq., Fellow of the 
Royal Society” and published in London in 1672 under 
the Title of “An Essay about the Origine and Virtues 
of Gems.” 

Boyle says: “I know it may be thought strange, that 


I have been so sparing in the Citation of those Authors, 
that have writ whole books about gems; but I have 
this to say for myself, that I had neither them, nor so 
much as my own Papers about the Origine of Minerals 
at hand, when I writ the following Essay. Which I 
was the less troubled about upon two distinct ac- 
counts; the first, because I remembered, that several 
passages, that I had met with about the Virtues of 
Gems, cited out of divers of those Authors, were such 
as I should have much scrupled to vouch; some of 
them being such as I knew to be false; others that I 
shrewdly suspected not to be true; and others, that ap- 
peared to me altogether incredible: and the second, 
because to forbear transcribing what my Friends might 
probably have met with in Authors already, would best 
comply, both with their Desires, which was to know 
my particular thoughts; and with my design, which 
was partly to see, how far I could make out those 
thoughts by my own Arguments and Observations, as- 
sisted only by some very few historical passages that I 
lighted on in Writers not classic; and partly, to take 
this occasion to prosecute divers matters of Fact relat- 
ing to the subject I was treating of, which probably 
would otherwise have been quite lost... .”’ 

Would not Linus Pauling say ‘Amen brother!!!’’? 
Whereupon Boyle went to work on his own and pro- 
duced an admirable book on his subject. 

In reviewing a college text in general chemistry for 
School Science and Mathematics.on one occasion I took 
pains to send a copy of my review to the author, a pro- 
fessor of chemistry in a famous university, and in a 
footnote I called his attention to his account of the 
manufacture of metallic sodium, asking him if it was 
not true that a more recent method was now in use. 
In reply he told me that since receiving my note he had 
been to the library and that “all the authors” said it 
was made the way he said it was. 

I replied that I had recently returned from Niagara 
Falls where they were making sodium by the tank-car 
full and that the foreman who went around with me 
told me he hadn’t made it that way for eighteen years! 
My textbook writer had evidently gathered together a 
tableful of books in preparation for writing his own 
book. Yours for smaller and smaller books with more 
meat in them. : 


Frank B. WADE 
INDIANAPOLIS, INDIANA 
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* TWELVE LECTURES ON THEORETICAL RHEOLOGY 


Markus Reiner, Professor, The Technical College, Haifa, Israel. 
Second edition. Interscience Publishers, Inc., New York, 1949. 
158 pp. 54 illustrations. 14.5 X 22cm. $4. 


Tuts book, although termed second edition, is actually an en- 
larged and quite appreciably revised edition of the author’s “Ten 
Lectures On Theoretical Rheology” which was published for the 
first time in 1943. Anyone who has read the same author’s book 
on “Deformation and Flow—An Elementary Introduction to 
Theoretical Rheology” and who has taken interest in this im- 
portant branch of scierice certainly may not overlook this highly 
specialized and highly theoretical contribution. The lectures 
cover specifically the following topics: Rheological Kinematics; 
Rheological Dynamics; The Pascalian Liquid; The Hooke Solid 
and the Newtonian Liquid; Dimensional Considerations; Elastic 
After Effects; Strength, Rupture and Plastic Flow; Macro- and 
Microrheology; Einstein’s Law of the Viscosity of Sols; and A 
Dynamical Theory of Strength, only to mention a few of the 
high-spots. The treatment is admittedly highly mathematical 
but for anyone interested in theoretical rheology these lectures are 
indispensable. 


ERNST A. HAUSER 
Massacuusetts INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 
Worcester Porytecanic INstTITUTE 
WorcesTER, MASSACHUSETTS 


a GENERAL AND APPLIED CHEMISTRY 


Arnold J. Currier, Associate Professor of Chemistry, and Arthur 
Rose, Associate Professor of Chemical Engineering, Pennsylvania 
State College, State College, Pennsylvania. McGraw-Hill Book 
Co., Inc., New York, 1948. ix + 275 pp. 33 tables. 65 figs. 
16 X 23.5cm. $3. 


IN TuHIs text the authors present a very brief treatment of many 
of the usual materials covered in general chemistry. The latter 
part of text’s title, ‘‘Applied Chemistry,” is correct, but no 
greater applied information is given within the text than is nor- 
mally found in the usual general chemistry book in the reviewer’s 
opinion. In general, this reviewer believes it is a text that should 
be considered by a chemistry teacher who is looking for a short- 
form book; who is “fed-up” with the voluminous material gen- 
erally given in the usual freshman text, and who considers him- 
self an excellent freshman chemistry teacher. 

There are 255 pages of material divided into thirty chapters. 
Somewhat less than three chapters pertain to organic chemistry, 
and about eighteen chapters to discussions of elements, families of 
elements, and their compounds. The others cover principles of 
chemistry. 

Student use of the book may emphasize some minor disad- 
vantages of the many skimpy and oftentimes belated explana- 
tions. Examples are: “subscripts used but not explained,” 
page 5; “‘lack of explanation for the use of 2 times the number of 
atomic weights” in example 2, page 8; “no Law of Multiple Pro- 
portion discussion as yet” for example 5, page 9; and many other 
examples such as (Metals and Non-metals) page 18; (a) page 24; 
(temperature) page 27; (only method ?, molecular weight de- 
terminations) page 108; (reversibility, H2S) page 117; (“per” 
nomenclature) page 119; (“bi’” nomenclature) page 120; etc. 
Most of these would not bother the student having had high- 
school chemistry, but for the average liberal arts students en- 
larged and earlier explanations would be most profitable and at 
times essential. No doubt most of this is accomplighed in the 
classes taught by the authors. The statement, “An alcohol is a 


compound—ete.,”’ on page 152 will certainly not be understood 
by the student at this point without the aid of the teacher. ““The 
most common base is white lead, etc.,’’ page 206, may be some- 
what unfair to the expanding titanium industry. However, very 
few actual errors in printing have been discovered by the reviewer 
although a few do exist. (Certainly NaCl is not sodium hypo- 
chlorite, page 93, as one example. ) 

The over-all impression received on reading the book is good. 
Excellent type, good paper, good exercise questions and problems 
which are distributed within rather than at the end of the chap- 
ters, and sentence structure of a nature that makes for ease of 
reading—these are definite advantages of the book. Lack of 
sufficient explanation of certain key words or types of problems 
will be minor irritations to the student, but they will not be too 
frequent. The photographs, drawings, and diagrams are of good 
quality and sufficient in number. The reviewer believes the book 
will be satisfactory for many liberal arts students desiring an 
over-all picture of chemistry, and certainly should be considered 
for many applied-science freshman chemistry courses. 


W. H. STEINBACH 
University or MIamMi 
Corat Gases, Miami 


e QUANTITATIVE CHEMICAL ANALYSIS 


George L. Clark,- Professor of Chemistry, University of Illinois, 
Urbana, Illinois, Leonard K. Nash, Assistant Professor of 
Chemistry, Harvard University, Cambridge, Massachusetts, and 
Robert B. Fischer, Assistant Professor of Chemistry, Indiana 
University. W. B. Saunders Company, Philadelphia, 1949. 
xxi + 448 pp. 5l figs. 15 X 22cm. $4.25. 


Tuis rather attractive book fulfills its title of presenting a basic 
course of experiments and theory for introducing students to 
quantitative analysis. 

it presents a conventional approach to the elementary course 
in quantitative analysis, except for a more thorough treatment 
than is usually given for the problem of obtaining and of separat- 
ing a pure solid phase from a solution. The discussion of the 
latter topics is enlivened by the use of electron micrographs to 
illustrate the features of precipitation and entrainment. The 
introduction of such material should aid the instructor in pre- 
senting what is probably the most interesting and important 
aspect of gravimetric methods of analysis—the purity of the 
precipitate. 

The laboratory procedures given include the customary 
gravimetric and titrimetric procedures plus interesting methods 
for the alkalimetric determination of aluminum based on the 
reaction of precipitated aluminum oxide ér hydroxide with potas- 
sium fluoride to generate hydroxy] ion. The authors in the 
preface consider the book as divided into gravimetric analysis, 
volumetric analysis, and instrumental analysis. The material 
in the two chapters on the latter area consists of ten pages on 
colorimetry and spectrophotometry and ten pages on other 
optical and electrical methods. The former section covers 
Lambert-Beer’s Law, comparators, filter and spectrophotometers; 
the addition of diagrams would have been a great help; the 
procedures given are the Nessler method for ammonia, using 
Nessler tubes, and the periodate manganese method using a 
Duboscq colorimeter. 

One-third of the second section is devoted to a discussion of 
electro-deposition in which is given a procedure for copper; the 
remainder of the chapter has brief sections on other optical and 
electrical techniques with a page of selected references on instru- 
mental analysis. Two pages on potentiometric titrations are 
included elsewhere in the book. 
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It seems to the reviewer that the student. should be introduced 
to the Nernst equation by writing the logarithmic term of that 
equation as an expression for the equilibrium constant for the 
reaction concerned. The authors, in common with many other 
authors of textbooks on quantitative analysis, write half-cell reac- 
tions as reductions, e. g., 


Fettt + e= Fet+ 
and then write the Nernst equation (p. 324) as 


0.0591 [ox] 


E=E + =, 8 ivea) "Oo 


While this expression is mathematically correct, it would be 
preferable to write the logarithmic term as 


_ 0.0591 | [red j 
n [ox] 


in order to emphasize the significance of the term, especially 
when (p. 325) the right-hand part of the term is called “the 
equilibrium constant expression for the reaction.” Further- 
more, it should be indicated that the numerical part of the term, 
0.0591, is temperature-dependent and is a simple expression in- 
volving temperature, two physical constants familar to the 
students, and a conversion factor from natural to decimal logs. 

Physically, the book is attractive, being well printed on good 
paper and well bound. However, the book is, unfortunately, 
printed in small type with the further serious defect of having the 
actual laboratory procedures printed in yet smaller type. Since 
laboratory procedures are usually read at distances exceeding that 
of normal vision, they should be printed in moderately large 
type. Furthermore, the rather common error is made of using 
long solid paragraphs for the procedures; such blocks of type 
are a definite handicap to the student in the laboratory. 

The appendixes include 16 pages on the arithmetic and algebra 
useful in quantitative analysis calculations, four pages on 
standardizing weights, five pages on statistical treatment of data, 
and fourteen pages on tables of equilibrium constants, prepara- 
tion of indicator solutions, etc. There is no table of logarithms. 
The two pages of the inside rear cover are devoted to a reproduc- 
tion of the interesting and useful Eastman Kodak chart of the 
pH intervals of color change for neutralization indicators. 

The book would adequately provide the lecture and labora- 
tory basis for either a one-semester or two-semester course in 
quantitative chemical analysis. 


PHILIP J. ELVING 
Tue PENNSYLVANIA STATE COLLEGE 
Strate Co.Luece, PENNSYLVANIA 


* HARDENABILITY AND STEEL SELECTION 


Walter Crafts, Chief Metallurgist, and John L. Lamont, Research 
Metallurgist, Union Carbide and Carbon Research Laboratories, 
Inc. Pitman Publishing Corp., New York and London, 1949, 
xiii-+ 279 pp. 148 figs. SStables. 15 X 23cm. $5.50. 


Tuts book, according to the authors, was prepared to consolidate 
and summarize into a coordinated pattern the theories and cal- 
culations of hardenability of steel. The term “hardenability” 
is employed in a broader sense than is usual, and the book devotes 
chapters to such topics as formation and transformation of 
austenite, quenching of steel, tempering after hardening, and 
mechanical properties of steel. It constitutes, in fact, an attempt 
to present to the practical metallurgist the developments of the 
last fifteen years as they concern the selection of steel to be heat 
treated and the heat treatment itself. 

The presentation is, on the whole, most readable and straight- 
forward. Little that would be of practical use to the metallurgist 
concerned with heat-treated steel is lacking, with one major ex- 
ception. This concerns the treatment of mechanical properties, 
which is not up to the standard of the rest of the book. For ex- 
ample, the vital concept of temperature of transition from tough 
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to brittle behavior is given only two sentences. As a result, the 
authors are forced into various vague and repetitive statements 
as to the need for ductility in steel, and seem unable to justify . 
tempering itself. 

It is interesting that Messrs. Crafts and Lamont have been 
able, in many instances, to present alternative schemes for carry- 
ing through a step in the selection of steel, without sacrifice of the 
simplicity which characterizes the book. Many of these schemes 
are based upon the authors’ own investigations. 

‘‘Hardenability and Ste“ Selection” might be used to ad- 
vantage in a senior course in ferrous physical metallurgy designed 
for the training of men for work in industry. It is less suitable 
for a graduate school text, as in aiming at utility and simplicity 
the authors have found it desirable to limit discussion of the 
underlying theory, and to omit consideration of the questions 
that remain to be settled by further research. 


LEONARD D. JAFFE 
WaTERTOWN ARSENAL 
WATERTOWN, MASSACHUSETTS 


ca SCIENCE AND CIVILIZATION 


Robert C. Stauffer, Editor. University of Wisconsin Press, 
Madison, Wisconsin, 1949. xiii+2l2pp. 13 X 2lcm. $2.50. 


SPECIALIZED scientific research needs interpretation, not only 
of its technical aspects but also of its general implications. As 
a part of the celebration of the hundredth anniversary of the 
founding of the University of Wisconsin, the History of Science 
group at the university, under the chairmanship of the editor of 
this volume, invited a number of scholars to take part in a sym- 
posium on the relations between science and civilization. This 
book is a collection of the contributions of the principal speakers. 
Its nature can best be explained by listing the titles and authors 
of the eight essays it contains: (1) Aristotle and the Origins of 
Science in the West, Richard P. McKeon, Professor of Philosophy, 
University of Chicago; (2) Some Unfamiliar Aspects of Medieval 
Science, Lynn Thorndike, Professor of History, Columbia 
University; (3) The Definition of Scientific Method, Max Black, 
Professor of Philosophy, Cornell University; (4) The Meaning 
of Reduction in the Natural Sciences, Ernest Nagel, Professor 
of Philosophy, Columbia University; (5) Physics as a Cultural 
Force, Philip E. Le Corbeiller, Lecturer on Applied Physics, 
Harvard University; (6) Science as a Social Influence, Farring- 
ton Daniels, Professor of Chemistry, University of Wisconsin; 
(7) Metaphors of Human Biology, Owsei Temkin, Professor of 
the History of Medicine, The Johns Hopkins University; (8) 
Science and Society, William F. Ogburn, Professor of Sociology, 
University of Chicago. 

These eight essays deal with a variety of topics, ranging from 
the nature of Aristotle’s contributions to science to whether an 
ostrich can swallow live coals, from the place of physics in the 
common culture of mankind to the techniques and cautions re- 
quired in the application of science to the social field. The 
common thread, which binds them all together is an attempt to 
answer the question, ‘‘What has been, or could be, the influence 
of science on our present civilization”? To answer this question 
one must first understand the terms to be used and some of the 
essays are concerned with clarifying the meaning of the words 
and phrases necessary to the discussion. In the nature of 
things success is not complete. ‘For sheer complexity of texture 
and incident, science is like life itself and as little to be reduced to 
formula” (page 79). Assuming, however, that one knows what 
he means by “the scientific method” the next step is to apply the 
method to the problem of civilization. We have an accumula- 
tion of knowledge about society, and have classified this knowl- 
edge to a certain extent. But when we attempt to make 
generalizations, we find that there are so many variables that our 
generalizations are never universally applicable. We recognize 
some of the variables and would like to conduct experiments in 
which is sought the effect of one variable on another, but find 
that’ the remaining variables cannot be held constant. For 
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these. reasons we can apply our generalizations only to a few 
limited and highly specific situations. In spite of these difficul- 
ties, the development of a science of society remains one of the 
most important tasks of educated man and because of the dif- 
ficulties it is a most challenging one. 


WALTER B. KEIGHTON 
SwaRTHMORE COLLEGE 
SWARTHMORE, PENNSYLVANIA 


se THE CHEMISTRY OF ORGANIC MEDICINAL 
PRODUCTS 


Glenn L. Jenkins, Professor of Pharmaceutical Chemistry and 
Dean of the School of Pharmacy, Purdue University, and Walter 
H. Hartung, Professor of Pharmaceutical Chemistry, University 
of North Carolina. John Wiley & Sons, Inc., New York, 1949. 
Third edition. ix+745pp. 7S5Stables. 15.2 X23.5cm. $7.50. 


Tue first edition of this book (1941) was planographed and 
contained 457 pages divided into 15 chapters. It has now grown 
to 745 pages and 16 chapters. The preface states that the volume 
“has been written as a textbook for students who have had basic 
courses In chemistry and are interested in the chemistry of medic- 
inal and related products.” ‘. . . It is intended primarily for 
students in the more advanced courses in pharmaceutical, chemi- 
cal, biological, and medicinal science. It should prove of value 
and interest also to practitioners in these fields.” 

The following topics are dealt with: Hydrocarbons (40 pp.), 
Halogenated hydrocarbons (20 pp.), Hydroxy] derivatives of hy- 
drocarbons (60 pp.), Ethers and ether peroxides (13 pp.), Car- 
bonyl group (70 pp.), Carboxy] group (70 pp.), Natural mixtures 
(31 pp.), Amines and amine derivatives (129 pp.), Cyanides and 
nitro compounds (11 pp.), Sulfur compounds (33 pp.), Com- 
pounds of phosphorus, arsenic, and antimony (18 pp.), Metallic 
derivatives of organic compounds (15 pp.), Heterocycles contain- 
ing one heteroatom (86 pp.), Heterocycles containing two or more 
heteroatoms (38 pp.), Stereoisomerism (46 pp.), Some physico- 
chemical properties of medicinal] products (15 pp.). There is a 
general bibliography (9 pp.), and an extensive index (41 pp.). 

On the whole, the authors have done a good job in assembling 
data which are scattered throughout the chemical, pharmaceuti- 
cal, and medical literature. This is obviously of value to work- 
ers in these fields. Numerous references and a general bibliog- 
raphy invite to further study of specific topics. It is inevitable 
that opinions will vary as to the amount of space alloted to indi- 
vidual sections. This reviewer, for example, feels that the de- 
scription of hydrocarbons is much too long, considering the minor 
role of these compounds in medicine. On the other hand, the 
chapter on enzymes is too short for comfort. Trypsin, for ex- 
ample, is taken care of by the following sentence (p. 302): “Tryp- 
sin is a partly purified proteolytic enzyme from the pancreas 
which digests 100 parts of casein.” The vagueness of this state- 
ment is not unique. There are other, similar sentences. On p. 
391: ‘About 0.2 g. of glycine hydrochloride is equivalent to more 
than 10-drops of diluted hydrochloric acid.” It is possible that a 
student of pharmacy has definite quantitative ideas as to the con- 
centration of ‘diluted hydrochloric acid,” and visualizes a defi- 
nite quantity when told of “about 0.2 g.” or “more than 10 drops,” 
but statements of that type will not stimulate a quantitative atti- 
tude in the average student. 

The references, as stated before, are valuable for further study. 
A more careful proofreading, however, would be desirable. In 
order to make this book even more valuable to student and prac- 
titioner alike it would be highly desirable to have the next edition 
thoroughly edited. One cannot escape the impression that this 
book is not quite out of the filing card collection stage. Some 
<7 — could go far toward making it an outstanding 
text : 


OTTO ,SCHALES 
Aron Ocusner Mepicat FounpaTion 
Tutangz University Scuoot or Mepicing 
New Orveans, Lovistana 


a AN ADVANCED TREATISE ON PHYSICAL 
CHEMISTRY, VOL. I 


J. R. Partington, Professor of Chemistry, University of London, 
England. Longmans, Green, and Co., New York, 1949. xlii + 
943 pp. Illustrated with tables and figures. 16 X 26 cm. 
$16. 


Tuts volume is the first of a three- or four-volume treatise which 
aims to present in a comprehensive manner the bulk of knowledge 
which has come to be known as physical chemistry. The first 
419 pages introduce the reader to the fundamental theories and 
laws and is divided into the following sections: Mathematical 
Introduction, pages 1-114, Thermodynamics, pages 115-233, 
The Kinetic Theory of Gases, pages 234-292, Statistical Me- 
chanics and Quantum Theory, pages 293-376, and Wave Me- 
chanics, pages 377-419. The remainder of this volume is devoted 
to Thermometry, High and Low Temperature Measurement, 
pages 420-545, and finally, a comprehensive presentation of the 
Properties of Gases, pages 546-934. 

The two most valuable characteristics of this work are its 
historical perspective and its close adherence to experimental re- 
sults. Although the historical introductions to each section are 
brief they are accompanied by voluminous bibliographies which 
should be of considerable value in helping the careful scholar in 
obtaining an accurate knowledge of the evolution of the subject. 
More important in determining the character of the work is Dr. 
Partington’s keen interest in methods of measurement and the 
results of experiments. This point of view is evidenced by the 
fact that only 419 pages are devoted to the three sciences under- 
lying modern physical chemistry—thermodynamics, statistical 
mechanics, and quantum theory—and 500 pages are devoted to 
the properties of gases. The mathematical theorist could in- 
deed be critical of the treatment of these three fundamental 
subjects, but to criticize something as inadequate which the 
author himself regards as a summary or sketch would be unfair. 

The strength of this first volume resides in the detail descrip- 
tion of the methods of measurement, the tabulation of results, 
and the completeness of the bibliography (over 18,000 references). 
Pressure-volume-temperature relationships, densities and molar 
weights, viscosities, specific heats, diffusion of gases are treated 
in great detail, and the most accurate data compiled in tabular 
form. This alone is a valuable contribution to the science. 

If in the future volumes Dr. Partington maintains the same 
thoroughness as he has achieved in this one the whole work will 
prove of great value to advanced students and teachers of physical 
chemistry. We look forward to the completion of this monu- 
mental task. It will be very interesting to find out how Dr. 
Partington will treat the more intricate parts of the field. 


HERBERT 8. HARNED 
Yave UnIversity 
New Haven, Connecticut 


e THERMODYNAMICS OF DILUTE AQUEOUS 
SOLUTIONS 


M. J. N. Pourbaix, Doctor in de Technische Wetenschap, Delft, 
University of Brussels, Belgium. Translated by J. N. Agar. 
Edward Arnold & Co., London, England, 1949. (U. S. distribu- 
tors: Longmans, Green and Co., Inc.) xv + 136 pp. 27 figs. 
15.5 X 23cm. $5.50. 


Tuts book is a translation of a doctoral thesis presented by 
the author at the Delft Institute of Technology, The Nether- 
lands, in 1945. The thesis was published in French by Meinema 
at Delft and a second printing was published by Béranger at 
Paris. The English translation by Dr. J. N. Agar follows the 
second French printing very closely. There are marked im- 
provements of presentation, the main one being the inclusion of 
the figures in the body of the text in place of the separate brochure 
of the French original (with the loss, however, of the graded shad- 
ing of some of the figures indicating gradual solubility increases). 

Pourbaix’s fundamental idea of constructing potential-pH 
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diagrams for the chemical and electrochemical equilibria between 
an element, water, and all the ions, oxides, hydroxides, etc., 
which can be formed by interaction of the element with aqueous 
solutions, first appeared in various Belgian and French technical 
journals before the last war. Presentation of a complete treat- 
ment of the subject was unavoidably delayed. In 1946 and later 
years Pourbaix’s methods met with a very favorable reception in 
various countries, particularly in Great Britain where U. R. 
Evans and his collaborators in the field of corrosion research 
quickly saw the possibilities of these potential-pH diagrams as 
guides to research and as a means of coordinating multitudes of 
facts. U.R. Evans has written an enthusiastic foreword to this 
English translation. He has also called attention to the im- 
portance of Pourbaix’s work in his recent “Introduction to Metal- 
lic Corrosion.” 

The main title of the book, “Thermodynamics of Dilute 
Aqueous Solutions” may be somewhat misleading because only 
those aspects of the theory of solutions are presented which are 
needed for what the main purposes of the book really are. These 
purposes can well be characterized by joining the subtitles of the 
French and English editions which are, respectively, ‘“Graphic 
Representation of the Role of the pH and of that of Potential’’ 
and ‘‘With Applications to Electrochemistry and Corrosion.” 

The book consists of six chapters, four of which are system- 
atically divided and subdivided with the result that a great deal 
of information is presented in a clear and concise manner. In 
the first three chapters the essentials of the theories of pH, homo- 
geneous, heterogeneous, and electrochemical equilibria are sum- 
marized. In Chapters IV and V we find general remarks con- 
cerning the complete potential-pH diagrams. Chapter V par- 
ticularly will no doubt be of great interest to electrochemists and 
students of corrosion who will find here a number of guiding 
principles greatly needed in their fields. The few pages of sec- 
tion B 4 of this chapter are, besides the diagrams themselves, 
the most useful contribution of this book. Chapter VI con- 
stitutes more than half of the book and contains the detailed 
construction and discussion of the potential-pH diagrams for the 
systems copper-water, iron-water, chromium-water, and nitro- 
gen-water. The many possible uses of these diagrams, not only 
in electrochemistry and corrosion, but also in analytical and 
general chemistry, are made quite evident. Also these diagrams 
show where investigations concerning irreversibility, overvoltage, 
polarization curves, etc., are needed. The graphic representation 
of domains of passivity (or immunity, the term selected by the 
translator), passivation, and corrosion constitutes a striking sum- 
mary of the behavior of a metal in the various conditions of pH 
and potential to which it is exposed. Pourbaix’s book contains 
only samples of such diagrams and a collection including all 
common elements appears highly desirable. 

In the appendix will be found a table of standard chemical 
potentials, a useful discussion of the construction of several types 
of curves appearing in the diagrams, a table of symbols. A list 
of references and an index close the volume. The price of the 
book seems too high and will no doubt be an obstacle to the wide 
circulation it deserves. 


PIERRE VAN RYSSELBERGHE 
UNIVERSITY OF OREGON 
Evcene, OREGON 


* AUTHOR'S GUIDE 


John Wiley & Sons, Inc., New York, 1950. xi + 80 pp. 
24cm. $2. 


Tus little book previously published under the title, “The 
Manuscript—A Guide,” was written to serve two purposes: 
“to guide the author in the efficient preparation of his material, 
and to inform him of the publishing procedure from the time he 
submits his manuscript until the printed book [is] in hand.” 

In both these respects the book succeeds admirably. All 
phases of editing are painstakingly illustrated with frequent 
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hints to the author concerning what things are to be specially 
checked and what can be overlooked. The publishing process 
is well outlined. The book serves as& quick reference handbook, 
for inside the front and back covers are lists of ‘“do’s” and 
nal which cover the items in editing which occur most 
often. 

Any author not well versed in the printing routine would find 
this little volume well worth his time and certainly any publisher 
would be happy if all its authors followed the procedure outlined. 


DANA JOHNSON 
JOURNAL OF CHEMICAL EDUCATION 
La Jouua, CALIFORNIA 


€ CHEMICAL DEVELOPMENT IN THYROIDOLOGY 


William T. Salter, Professor of Pharmacology, Yale University, 
School of Medicine, New Haven, Connecticut. Charles C. 
Thomas, Springfield, Illinois, 1950. v+87pp. 6figs. 14.5 x 
22.5cm. $2. 


Tus little volume is a monograph in American Lectures in 
Endocrinology, Publication No. 26 of the American: Lecture 
Series. It includes a discussion of: Synthesis of the Thyroid 
Hormone, The Blocking of Thyroid Activity, Circulating 
Thyroid Hormone, Application of Radio-Iodine, as well as a 
bibliography of related work. 


* THE NATURE OF THE BACTERIAL SURFACE 


Edited by A. A. Miles and N. W. Pirie. Charles C Thomas, 
Springfield, Illinois, 1949. vii + 179 pp. 12 plates. 14.5 x 
22.5 cm. $3. 


Tuts book is a series of articles originally presented as a 
Symposium of the Society of General Microbiology, at the April, 
1949, meeting. A listing of the titles gives a good indication of 
the material covered: The Surface Structure of Shigella shigae 
as Revealed by Antigenic Analysis, by W. T. J. Morgan; The 
Nature of the Surface of Gram-Positive Bacteria, by M. Stacey; 
The Osmotic Barrier in Bacteria, by P. Mitchell; On the Mech- 
anism of Adsorption of Bacteriophages on Host Cells, by T. 
F. Anderson; The Status of Some Arguments about the Bacterial 
Surface, by A. A. Miles; The Nature of Bacterial Surfaces, by 
E. T. C. Spooner; Capsule Formation in the Pneumococcus, by 
Harriett Taylor; Bacterial Surface, Flagella and Motility, 
by A. Pijper. 


* THE AROMATIC DIAZO-COMPOUNDS AND THEIR 
TECHNICAL APPLICATIONS 


K. H. Saunders, Chemist, Imperial Chemical Industries, Ltd. 
Edward Arnold and Company, London, 1949. xi + 442 pp. 
46 tables. 15.5 X 23.5 cm. $10. 


THE second edition has been expanded and rather thoroughly 
revised. This useful book will receive a cordial welcome. 

The Chapters are as follows: I, The Formation of Diazo- 
Compounds; II, The Stability of Diazo-Compounds in the Solid 
State and in Solution; III, IV, V, VI, VII, and VIII, Reactions of 
the Diazo-Compounds; IX, The Analytical Determination of 
Diazo-Compounds; X, The Action of Light on Diazo-Com- 
pounds; and XI, Theories of the Constitution of the Diazo- 
Compounds. In addition, there is an author index, a subject 
index, and an index of British, United States, and German Pat- 
ents. 


HENRY GILMAN 
Iowa State CoLiece : 
Ames, Iowa 
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(See page 476) 
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Tue following is reproduced from the Educational Research Bulletin.' 


One of the oldest and most widely accepted pedagogical principles is that we should start with 
the student where he is and help him make progress toward desirable goals. No one would ques- 
tion the validity of this principle. In fact, the teacher has to start where the student is: there is 
nothing else he can do. Taken literally then, the principle is the baldest of truisms. What it 
really means is that the teacher should continuously and diligently try to learn just where the stu- 
dent is, what his present knowledge and attitudes are, and should use these to promote his future 
growth. Interpreted in this way, the principle is one of the most important in education. 

In practice, however, the principle is too often followed only halfway. We try assiduously to 
discover the state of the student’s knowledge and to help him to go on from there. Frequently, 
we fail to make a similar effort to learn what his present interests, aspirations, and motives are 
and to use these in promoting his development. 

Take for example, the junior-high-school student who has developed a consuming interest in 
chemistry and is sure he wants to be a chemist. The teacher may or may not know about this 
ambition. If he does not, he has, to that extent, failed in his duty of knowing the student. If 
he does know about this ambition, he often says in effect: “You want to be a chemist; fine! 
When you get to the eleventh or twelfth grade, you will want to take the courses in chemistry 
that the school offers to Juniors and Seniors. Meanwhile, of course, you must study the other 
subjects that are required. You must do this because the principal function of your high-school 
course is to give you a good general education. We must not allow your interest in chemistry to 
interfere with that.” 

This is a clear and indefensible violation of the principle of using the interests and motives of the 
student to promote his development. This student’s knowledge of, and interest in, chemistry 
should be utilized as an educational resource; it should be a means of motivating and otherwise 
promoting his education. He should be given an opportunity to pursue his interest and, at the 
same time, to learn how the work of the chemist affects and is affected by present-day manufactur- 
ing, agriculture, mining, governmental policies, and family living. He should be led to under- 
stand that he cannot be fully effective as a chemist without understanding the culture of which he 
is a part and that future opportunities for chemists will depend upon social developments. His 
course in chemistry should include not only the technical aspects of the subject but consideration 
of its importance in modern life. In short, chemistry should be ore of the major centers around 
which his school work is organized. If this is done, his interest in this field will be a means of 
promoting his education rather than a hindrance. 

To be sure, his interests may change later; he may decide that he does not want to be a chemist. 
That will not be a calamity since, in the meantime, his interest in chemistry will have served to 
further his education. Let us by all means take the whole student where he is and use his in- 
terests, aspirations, and motives, as well as his knowledge, as means of his education. 


1 EcKELBERRY, R. H., Editorial, ‘We Must Start Where the Student Is,” p. 18 (January 18, 
1950). 








FIFTY YEARS OF THE GRIGNARD REACTION 


Tue May 14, 1900, issue of the Comptes rendus of the 
French Academy of Sciences contained a short paper 
by Victor Grignard, then assistant at the University 
of Lyons. In this, the young man of 29 announced 
the reaction which now bears his name, and which was 
destined to develop into one of the most elegant and 
fruitful methods of synthesis at the command of the 
organic chemist. 

Francois Auguste Victor Grignard was born at Cher- 
bourg on May 6, 1871. The family was in very moder- 
ate circumstances. The father, Thedphile Henri 
Grignard, a sail maker at the Marine Arsenal, had be- 
gun there as apprentice and eventually rose to foreman. 
V. Grignard characterized him as “a simple man, with 
much common sense, and a practical mind,” and 
stressed how much he owed to his father with respect to 
his own mental traits. On the other hand, he makes 
no mention of any influence derived from his mother, 
Marie Hébert (2b). In view of the modest financial 
condition of his parents, it required decided efforts on 
the part of various persons, who had recognized the 
boy’s excellent mind, to persuade the father to permit 
his son to obtain a better schooling at the Lycée in his 
native city. Victor was a precocious boy and, in con- 
trast to many who eventually became great scientists, 
was a good scholar. From 1883 to 1887, when he left 
the local school, he regularly obtained the “prix d’- 
excellence.””? Consequently, it is not astonishing that 
several of his teachers, particularly his physics instruc- 


Victor Grignard at Lyons in 1895 


HEINRICH RHEINBOLDT 
University of Sao Paulo, Sao Paulo, Brazil 
(Translated by Ralph E. Oesper) 


tor and one of the mathematics teachers, who at the 
close of his school career introduced him to the basic 
concepts of higher algebra and analytical geometry, 
made efforts to have him continue his education at a 
higher level. Arrangements had apparently been com- 
pleted to secure for him a scholarship at one of the 
Lycées in Paris, where it was intended that he would 
prepare for admission to the Ecole Normale Supérieure. 
However, because of the expenses arising from the 
World’s Fair (1889), the Paris authorities did away 
with these free scholarships. Since his family had no 
funds to defray the costs of his preparation for admis- 
sion to the Ecole Normale Supérieure, Grignard in 1889 
successully competed for admission to the Ecole Nor- 
male Spéciale at Cluny, in the department of Saéne at 
Loire. This school had been founded some 20 years 
before for the purpose of training teachers, who in 
their turn were to train teachers for the modern second- 
ary schools. Two years after Grignard entered, the 
school became an innocent victim of the conflict then 
raging between the ‘‘classic’”’ and ‘“‘modern’”’ views of 
secondary instruction, and was closed. . Grignard’s 
class was distributed to various universities, so that 
they might finish the third year to which they were en- 
titled by reason of the Cluny entrance examination. 
Thus Grignard, along with seven classmates, found 
himself in 1891 at the University of Lyons, where he 
held a scholarship in the Faculté des Sciences. Four 
of these young men, whose lifework otherwise would 
have been in secondary schools, in this way became uni- 
versity teachers; among them, besides Grignard, the 
chemists F. Bourion and Louis Meunier. 

Grignard now prepared himself for a licentiate in the 
mathematical sciences, but because of his inadequate 
memory the examination was not successful. There- 
fore, he left the university and fulfilled his military 
service (1892-93). He then returned to Lyons and 
quickly obtained a diploma for the degree Licencié és 
Sciences mathématiques (1894). 

He was now faced with the problem of choosing a life 
career. His training indicated that he ought to become 
a mathematics teacher in a secondary school. It was 
by accident that Grignard became a chemist. Nothing 
had been farther from his mind than to go into chemis- 
try. He had a very poor opinion of this science, in 
fact even a measure of aversion to it. He regarded it, 
in comparison with mathematics, as an inferior, purely 
empirical and mnemotechnical discipline, which re- 
quired a good memory, a faculty that he had never 
possessed. As a mature man, he recalled his feelings 
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Louis Bouveault (1864-1909) 


at the time (2b): “In 1894, we had not yet emerged 
from the period in which the influence of Berthelot, 
exerting a despotic influence on secondary teaching, pre- 
vented the atomic theory from replacing that of ‘equiv- 
alents.’ At Cluny, where even then the instruction 
was on a high level, mineral chemistry was handled in 
equivalents and organic chemistry in atoms. My 
recollection of it was an impression of incoherence and 
mnemonism that frightened me.’’ However L. Rous- 
set, one of his classmates at Cluny, who had been an 
assistant in chemistry for two years, overcame Grig- 
nard’s repugnance by assuring him that his views 
would be fundamentally changed by the laboratory 
work. Persuaded, Grignard at 23'/2 accepted a post 
as preparateur adjoint in the Service Générale in the 
Faculty of Sciences at Lyons in December, 1894. He 
was fortunate to be able to work for a whole year with 
the not much older Louis Bouveault (1864-1909) who, 
as Maitre de Conférences, was then beginning his 
brief but successful career. The latter initiated Grig- 
nard into laboratory technique, and by his influence 
and personal example so completely banished Grignard’s 
prejudice that in a few weeks the initiate became an 
enthusiast for the science he had previously disdained. 
Could stronger testimony be offered for the pedagogical 
ability of his teacher than this change in attitude? 


1 For a biography of Bouveault see A. Benan, Bull. soc. chim. 
France, [4] 7, I-X-XIT (1910). 
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Promoted to préparateur, Grignard came into direct 
contact with Philippe Antoine Barbier (1848-1922), 
the head of the department. This was a stern but 
healthy school. An indefatigable worker and robust 
nature, Barbier demanded the utmost of his assistants 
and co-workers. A taciturn, gruff character, he fright- 
ened the beginners away at first; his confidence was 
given to no one except by degrees and was quickly 
withdrawn. Once this barrier was passed, he knew 
how to give deserved praise, and confidential relations 
were thus established all the easier despite his frequent 
changes of mood. On the other hand, he was com- 
pletely immersed in chemistry, he constantly bubbled 
over with new ideas, whose exploration would have 
consumed the time and energy of a dozen assistants. 
Since they were not available, he was in the habit of 
jumping to a new topic before he had entirely clarified 
or exhausted the previous one. This was Grignard’s 
characterization of his teacher, at whose side he 
worked for 14 years (2b). 

After Grignard acquired the degree Licencié és 
Sciences physiques, for which he had to prepare while 
carrying on his heavy schedule of assigned duties, he 
in 1898 accepted the post of chef des travaux pratiques 
as successor to his friend and fellow student Rousset, 
whose untimely death had terminated a promising 
career. This year for the first time Grignard’s name 
appeared in the chemical literature. The maiden ef- 


fort was a joint paper with Barbier on a stereochemical 
problem.? After his new position allowed him some- 





2 Compt. rend., 126, 251 (1898). 


Phillippe Antoine Barbier (1848-1922) 
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what more free time, Grignard published, in the next 
year, two independent papers on the preparation of 
hydrocarbons with both ethylene and acetylene link- 
ages, and a hydrocarbon with three adjacent double 
bonds.* He did not pursue this topic further. Already 
in his third publication (1900) he announced the dis- 
covery which made him famous. 

In 1898, Barbier was trying to convert natural 
methylheptenone into dimethylheptenol, a reaction 
that cannot be accomplished by the Saytzeff method,‘ 
i. e., by means of methyl iodide and zinc. He had the 
happy idea of using magnesium instead of zinc and 
thus introduced the appropriate use of this metal into 
the practice of organic chemistry. Magnesium turn- 
ings were placed in a flask fitted with a good reflux 
condenser and covered with an ether solution of the 
ketone. Methyl iodide was gradually added. After 
a third of the calculated quantity had been introduced, 
the liquid turned brown, and a vigorous reaction set in. 
This was moderated by cooling and kept going by 
slowly adding the remainder of the methyl iodide. 
After 12 hours contact, the magnesium compound was 
decomposed by adding ice and dilute sulfuric acid, and 
the carbinol was isolated. The yield was not reported. 
In his communication to the Académie des Sciences on 
January 9, 1899,5 Barbier formulated the course of the 
reaction as follows: 


rear Spa ters 
CH; 


CO + CH, + Mg = 
| 
CH; 


CH; 
CH,—C=CH—CH; ~cn,—¢ \—O—Mgl 
bu, bn, 
CH; 
CH, -C—CH—CH,—cH,—¢—0—MgI + H.O = 
H; CH; j 
CH;—C=CH—CH.—CH.—C(OH)—CH; + Me 
bn, H; OH 





[3] 21, 574-576 (1889). 
175, 363 (1875). 


3 Bull. soc. chim. France, 
4 Waaner, G., AND A. SayrzEerr, Ann.., 
5 Compt. rent., 128, 110 (1899). 
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The text reads: ‘‘Chacun de nous a son étoile Suivons-la en nous felicit- 
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Institut de Chime and Ecole de Chime Industrielle de Lyon, 1900 


He closed his short note with the definite statement 
that the replacement of zinc by magnesium in the Say- 
tzeff reaction is new and that this modification had 
enabled him to accomplish a certain number of syn- 
theses, to which he reserved the right to return later. 

However, Barbier himself issued no further reports 
on this matter, presumably because the new reaction 
did not appear to him as reliable enough for a general 
method of synthesis, or perhaps because after a few 
unfavorable trial runs he had no patience or enthu- 
siasm to pursue the matter farther. Nevertheless, 
when Grignard sought a topic for his doctorate thesis, 
Barbier recommended that he take up the close study 
of this reaction. At first, Grignard followed the direc- 
tions of his master, but soon came to an impasse be- 
cause the reaction proved to be uncertain and irregular, 
and when it did occur the yields were unsatisfactory. 
He therefore turned his efforts toward the isolation of 
the organomagnesium compound, whose intermediate 
formation had to be assumed; if successful, he then 
planned to carry out the subsequent reaction with the 
reactive molecule as a separate step. 

Trials of this kind had been reported in the literature, 
but the results had never provided the basis for a usable 
preparative method. The reactivity of methyl and 
ethyl iodide with magnesium had been observed many 
years before,* though the magnesium available at that 
time was certainly far from pure. However, the 
organomagnesium compounds were not studied closely 
until 1888 on, when Lothar Meyer had several of his 
students carry out researches on this topic. The first 
of these was by Léhr,’ who prepared dimethyl-, di- 
ethyl-, and dipropyl magnesium by heating magnesium 
filings with the alkyl iodide in a closed tube (with ad- 
dition of some acetic ester in certain cases), or better 
by heating the mercury alkyl with magnesium filings 


6 Hatiwacus, W., AnD A. ScHAFARIK, Ann., 109, 206 (1859); 





Canours, A., ibid., 114, 240 (1860). Compare Gruman, H., AND 
R. E. Brown, J. Am. Chem. Soc., 52, 5045 (1930). 
7 Loup, P., “Inaug. Dissertation’, Tiibingen, 1889; Ann., 


261, 48 (1891). 
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in a closed evacuated tube. He found that the (ana- 
lyzed) compounds are solid, nonvolatile materials, 
which spontaneously ignite in the air or carbon dioxide. 
The study was continued by Fleck,* who was the first 
to investigate several characteristic reactions of the 
organomagnesium compounds. The action of water 
on diethyl magnesium produced ethane along with 
magnesium hydroxide; dimethyl magnesium covered 
with anhydrous ether gave him trimethyl carbinol on 
treatment with acetyl chloride. He prepared diphenyl 
magnesium by heating diphenyl mercury with mag- 
nesium in a sealed tube; this product yielded benzene 
on treatment with water; bromobenzene and mag- 
nesium bromide on addition of excess (!) bromine in 
anhydrous ether;* triphenyl methane with benzal 
chloride; and diphenyl chlorophosphine with phos- 
phorus trichloride. The study of diphenyl magnesium 
was continued by F. Waga.” He prepared the com- 
pound in a purer state and noted its solubility in an 
ether-benzene mixture. Treatment of this solution 
with benzoyl chloride yielded benzophenone; acetyl 
chloride produced acetophenone; benzene sulfonyl 
chloride gave diphenyl sulfone; while chloroform, ar- 
senic trichloride, and stannic chloride, respectively, 
produced triphenylmethane, phenyl dichloroarsine and 
diphenyl tin dichloride. Although this series of studies 
by the Lothar Meyer school revealed the intense reac- 
tivity of the organomagnesium compounds, it also 
showed that these materials because of their trouble- 
some preparation and disagreeable properties (slight 
solubility in inert solvents, inflammability in air and 
carbon dioxide) are not suitable as reagents for a syn- 
thetic laboratory procedure. 

The unfavorable findings of these investigations were 
associated in Grignard’s mind with the recollection of 
the early observations of Frankland" and Wanklyn,'? 
who had easily prepared solutions of zinc alkyls by 
heating zine with alkyl iodides, in the presence of 
anhydrous ether, in sealed tubes. In contrast to the 
free zine alkyls, these solutions did not catch fire on 
contact with the air and yet they had the characteristic 
activity. 

Grignard’s laboratory journal contains the following 
entry (see figure): 

J'ai constaté qu’en chauffant de la tournure de Mg avec de 
liodure d’isobutyle, le Mg est trés rapidement attaqué. De 
plus, si aussitét que l’attaque a commencé on introduit de |’éther 
anhydre, la réaction se continue trés vive et Mg est rapidement 
dissous en méme temps qu’il se produit un depdét brun en trés 
faible quantité. Si l’on replace |’iodure par le bromure, la réac- 
tion met plus longtemps 4 partir, mais elle est encore trés vive et 
se continue trés bien dans |’éther anhydre. Le magénsium iso- 





’ Fiecx, H., “Inaug. Dissertation,’ Tiibingen, 1892; Ann., 
276, 129 (1893). 

» Despite the slow introduction of the bromine, Fleck over- 
looked the intermediate formation of phenylmagnesium bro- 
mide, which he really planned to produce. Compare GILMAN, 
H., and R. E. Brown, J. Am. Chem. Soc., 52, 1181 (1930). 

” Waaa, F., “Inaug. Dissertation,” Tiibingen, 1894} Ann., 
282, 320 (1894). 

'| FRANKLAND, E., Ann., 111, 63 (1859). 
 Wanktyn. J. A., J. Chem. Soc., 13, 125 (1861). 
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butyle n’est pas décrit et, pour le moment, je ne m’occupe pas de 
Visoler, cela ne me paraissant pas nécessaire pour le but que je 
poursuis. 

This is the first record of his important discovery! 

He quickly became convinced that the reaction takes 
place spontaneously in absolute ether at room tempera- 
ture and under ordinary pressure, and that no prelimi- 
nary heating of the magnesium with the alkyl halide is 
necessary. He recognized the exceptional reactivity 
of these ether solutions. 

The first public report of Grignard’s important dis- 
covery was a short paper bearing the title: ‘Sur 
quelques nouvelles combinaisons organométalliques 
du magnésium et leur application & des synthéses 
d’alcools et d’hydrocarbures.” It was presented by 
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Henri Moissan in Paris at the May 14, 1900, meeting 
of the Académie des Sciences and was printed in the 
Comptes rendus. In this paper'* Grignard proceeds 
from Barbier’s communication and reports that in his 
study of the eventual advantages of his method he had 
discovered a number of organo compounds of magne- 
sium, which enabled him to modify the Saytzeff method 
considerably ‘‘to the great profit of the speed and the 
regularity of the operation and, in general, of the yield 
obtained.”” He described his method as follows: 


L’iodure de méthyle n’attaque que trés lentement, & froid, 
la tournure de magnésium, mais si !’on ajoute un peu d’éther 
anhydre, il se déclare immédiatement une réaction qui ne tarde 
pas & devenir extremént vive. I] faut alors refroidir et ajouter 
un excés d’éther. Dans ces conditions, la dissolution du mag- 
nésium se poursuit rapidement, et l’on obtient finalement un 
liquide trés fluide et peu coloré, sans aucun dépét appréciable. 
Si l’on essaie de chasser |’éther, il reste une masse grisAtre, con- 
fusément cristalline, qui absorbe trés rapidement |’ humidité en s’- 


13 Grianarp, V., Compt. rend., 130, 1322 (1900). 

















Victor Grignard in 1934 


échauffant ct tombe en déliquescence. Mais le grand avantage 
de la combinaison obtenue, c’est qu’il est inutile de l’isoler. En 
effet, si, dans la solution éthérée précédente, qui contient trés 
exactement un atome de magnésium dissous par molécule 
d’iodure de méthyle, on fait tomber une molécule d’une aldéhyde 
ou d’une cétone, il se produit généralement une vive réaction et, 
en décomposant finalement, par l’eau acidulée, la combinaison 
formée, on isole l’alcool secondarie ou tertiaire correspondant avec 
un rendement d’environ 70 pour 100. J’ai constaté que les 
éthers bromhydriques et iodhydriques des alcools monoatomi- 
ques gras et saturés jusqu’en C*, ainsi que le bromure de benzyle, 
donnaient la méme réaction, et il est vraisemblable qu’elle doit 
se produire avec beaucoup d’autres éthers halogénés. 


He upheld the view that the organomagnesium com- 
pounds have the formula RMgI or RMgBr, and for- 
mulated the reaction: 


CH;I + Mg — CH;Mgl 
OMgl 
CH;MgI + RCHO — RCH 
CH; 
OMglI 
RCH 
CH; 


He states that in this way he had prepared a certain 
number of secondary and tertiary alcohols, some of 


+ H.,O — RCH(OH)CH; + Mgl-OH 
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which were previously known, but he had repeated 
their production in order to assure himself of the gen- 


eral validity of his method. He reports that the results } 


were uniformly excellent with aliphatic alkyl halides, 
but much less so with benzyl bromide because of the 
relatively abundant formation of dibenzyl. Among 
the hitherto unknown compounds he describes: (a) 
phenylisobutyl carbinol, prepared from isobutyl mag- 
nesium bromide (“isobutylbromure de magnésium’’) 
and benzaldehyde; (b) dimethylphenyl carbinol, ob- 
tained from acetophenone and methy!magnesium io- 
dide; (c) dimethylbenzyl carbinol, from acetone and 
benzylmagnesium bromide. He did not report the 
exact yields. He further states that when he used un- 
saturated aldehydes, or ketones, in which the double 
bond is adjacent to the functional group, the resulting 
alcohol is frequently not stable in that it loses water 
when distilled, even under reduced pressure, so that 
only a diethylenic hydrocarbon can be isolated. He 
cites as example the 2,4-dimethylpentadiene-2,4, 
which he obtained by the action of mesityl oxide on 
methyl magnesium iodide. The brief paper closes 
with the remark that he was busy studying further ap- 
plications of these new organometallic compounds. 

Grignard undertook this task with such astounding 
vigor and diligence that he was able to publish seven 
additional papers in the following year. For this he 
had found his first energetic collaborator, namely L. 
Tissier, who was then Maitre de Conférences de Chimie 
(later Senator of the Republic), who was especially 
adept at handling small quantities of material. This 
same year (1901) Grignard submitted his thesis: ‘Sur 
les combinaisons organomagnésiennes mixtes et leur 
application & des synthéses d’acides, d’alcools et 
d’hydrocarbures.” After the first paper Moissan had 
urged the young chemist to present his thesis in Paris 
even though it would be only half finished, but Grig- 
nard preferred to dedicate it to the university where his 
discovery had been made. Accordingly, he received 
the degree Docteur és Sciences physiques at Lyons on 
July 18, 1901; he was then 30 years old. The exam- 
iners were Barbier, who presided, the physicist Georges 
L. Gouy (1854-1926) and the physical chemist Léo 
Vignon (1850-1923). The committee graded the 
thesis: ‘‘Mention trés honorable.’’'* 

The Grignard Method was thus firmly established. 
He described a considerable number of the “mixed 
organomagnesium compounds,” he appreciated even 
then that they are present as etherates in an ethereal 
medium, and noted the general applicability of the 
compounds for synthesis. In particular, his thesis de 





14 The complete thesis was published in Ann. univ. Lyon, 6, 
1-116 (July 30, 1901); a very full abstract promptly appeared 
in Chem. Centr. II, 622-625 (1901). Since university publica- 
tions were ordinarily not accorded such attention, this quick 
action indicated the importance which the editors attached to 
this work. A condensation appeared later in Ann. Chim. él 
Phys., {7] 24, 483-490 (1901). 
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scribes the synthesis of carboxylic acids by the action 
of carbon dioxide on the ether solution of the organo- 
magnesium halide; the preparation of secondary alco- 
hols from the latter and aldehydes or formic esters; 
the synthesis of tertiary alcohols with the aid of ketones 
or carboxylic acid esters; and also the production of 
unsaturated hydrocarbons in place of or from terti- 
ary alcohols. All of the new liquid compounds were 
carefully characterized by boiling point, density, and 
refractive index. He comes to the conclusion that “‘the 
mixed organomagnesium compounds” can _ render 
eminent service for the synthesis of monobasic acids, 
alcohols, and hydrocarbons and that they are superior 
to the organo zinc compounds with respect to ease of 
handling, wider applicability, and improved yields. 
At this same period, he also knew that tertiary alcohols 
can be obtained by means of acid chlorides; that the 
mixed organomagnesium compounds react with alco- 
hols, as with water, to produce hydrocarbons, and that 
aromatic bromides also combine in the same manner 
with magnesium to form organomagnesium compounds, 
which react in the normal fashion with acid chlorides, 
anhydrides, esters, aldehydes, etc.“ Grignard’s funda- 
mental efficiency is well demonstrated by the fact that 
these investigations, though carried out in haste which 
was dictated by the need for prompt publication, were 
well rounded off and remarkably free of errors. 

The significance of Grignard’s fundamental discovery 
was appreciated at once in France. In 1901 he shared 
the Cahours Prize of the Institut de France with R. 
Fosse, and again with Fosse and R. Marquis the follow- 
ing year, in which he also was awarded the Berthelot 
Medal. Grignard’s name suddenly became known all 
over the world. Chemists in all countries immediately 





‘5 GRIGNARD, V., AND L. Tissrer, Compt. rend., 132, 683, 835, 
1182 (1901). 





Grignard in His Laboratory at Lyons, 1926 


He stands in front of his apparatus for catalytic hydrogenation under re- 
duced pressure, and at the same place where 27 years previously he prepared 
the first organomagnesium halide solution. 
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Title Page of the Famous Grignard Thesis. Lyons, 1901 


plunged into the study of the new compounds and their 
applications to the most varied synthesis. During its 
first years, the new promising reaction was cultivated 
especially by French chemists: E. E. Blaise, F. 
Boudroux, L. Bouveault, J. Hamonet, C. Béis, A. 
Béhal, A. Haller, H. Masson, P. Sabatier, Ch. Moureu, 
L. Meunier, V. Auger, M. Tiffeneau, F. Taboury, A. 
Valeur, R. Sauvage, and others. However, numerous 
workers in Germany, Russia, England, Italy, Switzer- 
land, Austria, and America soon joined in. The 
term “Grignard Reagent”’ for the ether solutions is now 
part of the chemical language, and “grignardieren” 
and “Grignardierung”’ are used by the German chemists 
to denote the action of the reagent with reactive mole- 
cules. The number of publications dealing with the 
new field of research grew at an amazing rate. By the 
end of 1905, they numbered 200, and 332 more were 
added by August, 1908.° In 1912 more than 700 


16 These are listed by Julius Schmidt in his “Die organischen 
Magnesiumverbindungen und ihre Anwendungen zu Synthesen,”’ 
Samml. chem. u. chem.-techn. Vortrdge (Enke, Stuttgart), X, 
67-146 (1905), XIII, 357-446 (1908). This has also been is- 
sued as a separate pamphlet. 











Obverse of Plaque by L. Bertola 


papers had been issued, and by the end of Grignard’s 
life the literature contained about 6000 references deal- 
ing with his reagent and its utilization in syntheses. 
Grignard personally, along with his students, contrib- 
uted markedly to this further development. He put 
out three comprehensive reports.“ To his last days he 
retained his interest in the discovery he had made 


In “Les récents progrés de la Chimie,” Gauthier-Villars, 
Paris, 1904, pp. 121-157; Rev. gén. des Sc., 1040 (1903); Bull. 
soc. chim. France, [4] 13, I-XX XVII (1913) and 39, 1285-1321 
(1926). See also his Nobel Prize lecture ‘“‘Les organomagnésiens 
ét leurs principales applications,’”’ Rev. gén. des Sc., 449 (1913). 
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when a young man; a typical classical investigator in 
the sense of Wilhelm Ostwald’s definition, he remained 
true to his favorite topic with indefatigable energy and 
persistence. Even his last publication, which appeared 
posthumously, “On the action of organomagnesium 
compounds on the phenol ethers’’* was in this field. 

The importance of the Grignard syntheses is well 
known to every chemist; several monographs and 
treatises deal with this reaction in detail.” In fact, 
hardly any other method in organic practice equals it 
in respect to the variety of ‘applications to which it can 
be put in synthesis. The Grignard reagent reacts 
with all functional groups with the sole exception of 
the ethylene and acetylene linkage. It has displaced 
the zinc alkyls in all the cases where it renders the same 
service as they, and thus the classic syntheses of Ed- 
ward Frankland (1825-99), Alexander Butlerow (1828- 
86), Alexander Saytzeff (1841-1910), and others are 
now readily available and easy to execute. In addi- 
tion, it is capable of achieving reactions that are im- 
possible with zinc alkyls, and numerous new syntheses 
have followed. All types of organo compounds of other 
metals and metalloids have become accessible through 
its aid, so that when needed for special reactions they 
are most conveniently prepared via the Grignard 
compounds.” 

Despite this meteoric scientific success, Grignard had 
still to wait four years for a post as Maitre de Confér- 
ences, and another five years elapsed before he received 
the title Professor and a laboratory of his own. 

At first he remained at Lyons, devoting his efforts 
entirely to the further investigation of his reaction, 
which he now extended to molecules with more and 
varied functional groups. These studies produced 
nineteen papers in the next four years. During this 
period, he became involved in an inconclusive contro- 
versy with Emile Edmond Blaise (1872-1939) of 
Nancy. The point at issue was the constitution of the 
etherates of the organomagnesium halides, for which 


Grignard proposed the formula R,O whereas 


x 
MgX,”! 


18 GRIGNARD, V., AND J. Ritz, Bull. soc. chim. France, [5] 3, 
1181 (1936). 

1 Courtot, Cu., “Le Magnésium en Chimie Organique,” 
Rigot et Cie, Nancy, 1926. 

Runes, F., “Organometallverbindungen. I Teil: Organo- 
magnesium Verbindungen,”’ Wissenschaft]. Verlagsges., Stutt- 
gart, 1932. 

ScHiLeNnK, W., “Organomagnesiumverbindungen,” in Houben- 
Weyl, “Die Methoden der Organischen Chemie,” G. Thieme, 
Leipzig, 1924, Vol. 4, pp. 720-895. 

Courtor, Cu., ‘“Combinaisons organomagnésiennes,’”’ in 
Grignard’s ‘“‘Traité de Chimie Organique,’’ Masson et Cie, Paris, 
1937, Vol. 5, pp. 86-501. 

Chapter “Grignard Reagents’ in Giman, H., “Organic 
Chemistry,” J. Wiley & Sons, New York, 1938, Vol. 1, pp. 412- 
435. 

% See Baise, E. E., Bull. soc. chim. France, [4] 9, I (1911). 

21 GRIGNARD, V., Compt. rend., 136, 1260 (1903); Bull. soc. 
chim. France, [3] 29, 944 (1903); [4] 1, 256 (1907). 
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his opponent sought to confirm? the correctness of 
xX 
R,O which had been proposed by Baeyer and 
Mgk, 
Villiger?® on the basis of their oxonium theory. At 
R 


present the coordination formula R.O...Mg 


X,*4 
which can be readily carried over to the dietherates 
and compounds with tertiary amines, sulfides, etc., 
seems to fit the facts best. The polemic between the 
two chemists, who were of about the same age, was of 
value in so far as it led to the study of the reaction be- 
tween organomagnesium halides and ethylene oxide, 
other glycol oxides, and glycol derivatives. The 2- 
phenylethyl alcohol obtained by Grignard from ethyl- 
ene chlorohydrin had a distinct roselike odor, and this 
occasioned the first use of the Grignard reaction in the 
chemical industry. This extension was contrary to 
Grignard’s every expectation, because he had been 
firmly of the opinion that it would be impossible to 
translate his laboratory method to an industrial scale. 

In November, 1905, Grignard was appointed Majftre 
de Conférences at the University of Besancon. Here he 
found himself in a scientific atmosphere which was very 
different from that in which he had been trained; in 
short, the possibilities for research were extremely 
limited. The occupant of the chair of general chemis- 
try was Léon Boutroux (b. 1851), one of Pasteur’s 
students. He was still making studies of wine musts, 
but essentially he devoted himself entirely to teaching. 
During this period, Grignard was given the Prix Jecker 
of the Institut de France, its most valuable award 
(10,000 francs), which was intended as a reward for 
those investigations that had most greatly favored the 
progress of organic chemistry. 

After a year, which brought him no scientific prog- 
ress, Grignard left Besangon. He passes over this 
period in silence in his autobiographical notes (2a). 
He returned to Lyons where, in his new capacity of 
Maitre de Conférences, he had a dual duty to perform. 
On one hand, he was to serve as research associate to 
Barbier, and on the other he was given supervision 
of the laboratory work of the advanced students. Ac- 
cordingly, he developed a twofold activity in the next 
three years. With Barbier, he carried out extensive 
and difficult researches in the former’s special field of 
terpene chemistry, where he made abundant use of the 
RMg-X compounds for transformations and for the 
clarification of constitutions. Eleven joint papers 
came from these studies (1907-14), but little time was 


* Biase, E., Compt. rend., 134, 551 (1902); Bull. soc. chim. 
France, [3] 35, 90 (1906); [4] 1, 610 (1907). 

23 Barrer, A., anD V. VituicER, Ber., 35, 1202 (1902). 

*4 MEISENHEIMER, J., AND J. Caspmr, Ber., 54, 1656 (1921); 
Hess, K., anp H. RHEernso.pr, ibid., 54, 2049 (1921). 














Emile Edmond Blaise (1872-1939) 


available for his own researches. He continued the 
study of the reactions of his reagent, searched for new 
methods of preparing ethylene alcohols and aldehydes, 
which he brought into reaction with his reagent, and 
prepared dienes from the products, whereby he re- 
turned to the subject of his first investigations. He 
published seven papers on this topic during this period. 
His professional status improved only gradually, even 
though in 1908, he was named Professeur adjoint de 
chimie générale. 

L. Bouveault, Grignard’s first chemistry instructor, 
and since 1904 Maftre de Conférences de Chimie or- 
ganique at the Sorbonne, died prematurely in the midst 
of his fruitful career on September 6, 1909. He was 
succeeded by Emile Edmond Blaise (1872-1939),* 
professor of organic chemistry at Nancy, where he had 
once before (1902) succeeded Bouveault. Since Grig- 
nard took a dim view of his own prospects at Lyons,?* 





% For a biographical essay, including a chronological list of 
Blaise’s publications and a portrait see Gautt, H., Bull. soc. 
chim. France, [5] 8, 269-346 (1941). 

* Perhaps also because at this time there was a difference of 
opinion as to who should be credited with the new reaction. See 
Béprxer, E., Chem.-Zig., 34, 150 (1910); Barsrer, Px., Bull. 
soc. chim. France, [4], 7, 206 (1910); Grienarp, V., Chem.-Zig., 
34, 529 (1910). 








Antoine Nicolas Guntz (1859-19358) 


he, in November, 1909, accepted an invitation by the 
Ministry to take over, in the capacity of Chargé de 
Cours de Chimie organique, the lectures and laboratory 
courses of Blaise. In November of the following year 
Grignard, now almost 40 years old, finally was raised 
to the rank of professor of organic chemistry. He thus 
became the head of one of the best equipped laboratories 
in the provincial universities. 

The chemical department at the University of Nancy 
had been founded in 1889 by Albin Haller (1849— 
1925),?7 who began with only six students. The direc- 
tor at the time was the well-known inorganic chemist 
Antoine Nicolas Guntz (1859-1935).% Grignard now 
found himself in an invigorating scientific atmosphere, 
the students! numbered around 150, and capable as- 





“ For a biography of Haller including a list of publications 
and his likeness see Ramart, P., Bull. soc. chim. France, [4] 29, 
1037-1092 (1926); Rosrinson, R., J. Chem. Soc., 3174-3178 

1927). 

% Tos biography of Guntz see DeL&p1nz, M., Compt. rend., 201, 
461 (1935); Hacxsprit, L., Bull. soc. chim. France, [5] 4, 379 
(1937); also “A La Memoire de M. A. Guntz,” Rigot et Cie, 
Nancy (no date). This contains a bibliography of his publica- 
tions and a portrait. 
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sistants and collaborators were available. Conse- 
quently, another productive period commenced; it is 
reflected in 31 publications. Its finest fruits were the 
halogen magnesium compounds of indene, cyclopenta- 
diene, and fluorene which led to an elegant synthesis 
of fulvenes, which had been discovered by Johannes 
Thiele (1865-1918). A further accomplishment was 
the synthesis of nitriles by the action of cyanogen chlo- 
ride or cyanogen on organomagnesium halides, a method, 
which under special conditions, could be modified into 
a synthesis of ketones. However, during this period, 
he “was again put on the defensive. Pierre Jolibois 
contended® that the compounds contained in the 
Grignard reagents did not have the formula R-Mg-X 
set up and defended by the discoverer,*! but instead 
should be represented by the symmetrical formula 
MgRz-MgXe, which had been expressly rejected by 
Grignard. The discussion at that time ran on without 
result. At present, something in between the two is 
generally accepted, namely the Grignard solutions are 
supposed to contain all three compounds in equilib- 
rium :*? 


2R:-MgX = MgR2 + MgX; 


To the end of his life Grignard adhered faithfully to 
the formula he had postulated originally. 

After Grignard had attained academic security 
through his appointment at Nancy, he felt free to 
marry. His bride, Augustine Marie Boulant, came from 
Saint-Waast la Hogue near his native city Cherbourg. 
The marriage took place in August, 1910; it was 
blessed with two children. The son Roger Grignard 
(b. 1911) followed in the academic footsteps of his 
father. 

In November, 1912, the Nobel Prize for chemistry 
was divided equally between Grignard and Paul Saba- 
tier (1854-1941), dean of the Faculty of Sciences at 
Toulouse.** This was the second Nobel Prize awarded 
to French chemists, the first going to Henri Moissan 
in 1906.*4 Thus the “so-called Grignard reagent, dis- 
covered by him, which in recent years has greatly ad- 
vanced the progress of organic chemistry”’ was given, 
12 years after its discovery, the highest scientific dis- 
tinction of a scientific forum. At the time of the 
award, Grignard was 41'/2 years old, and thus he be- 





® For a biography of Thiele see Straus, F. Ber., 60A, 75-132 
(1927). Contains a list of publications and a portrait. 

% JotrBois, P., Compt. rend., 155, 353 (1912); 156, 712 (1913). 

31 GRIGNARD, V., Compt. rend., 132, 558 (1901). 

32 ScHLENK, W., AND W. ScHLENK, JrR., Ber., 62, 920 (1929); 
ScHLENK, W., Jr., ibid., 64, 734 (1931). 

88 For biographical details concerning Sabatier see VINCENT, 
H., Compt. rend., 213, 281 (1941); Taytor, H.S., J. Am. Chem. 
Soc., 66, 1615 (1944). 

34 Biography see Stock, A. Ber., 40, 5099-5130 (1907); Ram- 
say, W.. J. Chem. Soc., 101, 477 (1912); LeBeau, P., Bull. soc. 
chim. France, [4] 3, I (1908). Moissan was 54 when he received 
the Nobel Prize for chemistry for his isolation of fluorine twenty 
years previously. Actually, Marie Sklodowska Curie had re- 
ceived the Nobel Prize in 1911; i.e., a year before Grignard and 
Sabatier, but this fact was not mentioned by the French writers 
(1, 2a), probably because she was a native of Poland. 
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came the second youngest Nobel laureate in the field of 
chemistry. Sabatier was 58 at the time, and his dis- 
covery, for which he received the award, had been 


made 15 years before. These facts are worth noting, 
since Alfred Bernhard Nobel (1833-96) in his will (Paris, 
November, 1895) had stipulated that the income from 
the capital fund ‘‘shall be annually awarded in prizes 
to those persons who shall have contributed most ma- 
terially to the benefit of mankind during the year im- 
mediately preceding.” Obviously, his intent was to 
support younger successful scholars in the continuation 
of their work. 

The 1912 Nobel award for chemistry has often been 
criticized and rightly so. Jean-Baptiste Senderens 
(1856-1936) had an equal share with Sabatier in the 
discovery of catalytic hydrogenation; he was neither 
Sabatier’s student or assistant, but worked as his co- 
equal collaborator. Likewise the Grignard discovery 
issued directly from the propitious preliminary work of 
Barbier, who expressly commissioned Grignard to con- 
tinue the study. To this day there is not even an obi- 
tuary or biography of Barbier.*’ Grignard himself had 
keenly felt this injustice. After his return from Stock- 
holm, a large gathering was held in his honor on Febru- 
ary 8, 1913, in the Great Amphitheatre of the Faculté 
des Sciences in Nancy. On this occasion, he stated: 
“The Swedish award should have been conferred first 
on Sabatier and Senderens, and then later it would have 
been my turn to participate with Barbier.”’ In line 
with his innate sense of justice, he consistently ac- 
knowledged and publicly avowed Barbier’s part in his 
discovery, even though he knew how to defend his own 





% Ernest Rutherford (1871-1937) received the award in 1908 
at the age of 37. It was quite 
incorrect to state boldly, as has 
been done (1, 2a), that Grignard 
was the youngest Nobel Prize 
bearer. Four others before him 
were younger, and Alexis Carrel, 
who likewise received the award 
in 1912, was 39. 

% For biography of Senderens 
see PauFray, H., Bull. soc. chim. 
France, [5] 6, 1-29 (1939); 
De.épinE, M., Compt. rend., 
205, 633 (1937); Ripeat, E. K., 
Nature, 140, 148 (1938). 

% According to French col- 
leagues, this gap, so deplorable 
from the standpoint of the history 
of chemistry, is due to the fact 
that, with the exception of Grig- 
nard and two other students, who 
knew how to get along with 
Barbier, the latter had nothing 
to do with those around him. 
Before his death he destroyed 
all traces of his curriculum vitae, 
probably for fear that something 
of it might be handed down. 
Grignard frequently intended 
to write this biography, but 
never found the time to secure 
the necessary data. 
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contribution with vigor.* Barbier recognized this at- 
titude of his student in that he stated publicly ‘‘Grig- 
nard has pointed out the rightful sharé that is due him 
in a discovery of this kind.’ Consequently, the rela- 
tions between Grignard and his “‘revered master” suf- 
fered no irreparable rupture in contrast to the bad blood 
that developed between Sabatier and Senderens.*” 
Today it seems best to designate as the Barbier Reac- 
tion the one in which halogen compounds are brought 
into reaction with magnesium in ether in the presence 
of a second reaction component, and to use the term 
Grignard Reaction for those in which the halogen com- 
pounds are brought into reaction with magnesium in 
ether and the resulting solution of the organomagnesium 
compounds then treated with the second component. 
In many cases, the “Barbier Reaction” offers advan- 
tages over the “Grignard Reaction.’’“ 

At the celebration just mentioned, Charles Adams, 
the rector of the University of Nancy presented Grig- 
nard with the insignia of a chevalier of the Legion of 
Honor. His colleagues in the Faculty of Sciences 
honored him with a bronze ornament, while the Asso- 
ciation des Anciens Eléves de |’Institut chimique d’- 
Université de Nancy gave him a cross set with brilli- 





% GRIGNARD, V., Chem.-Zig., 34, 529 (1910). 

39 See, for example, the comprehensive demonstration lecture 
“Hydrogenations and dehydrogenations by catalysis’ delivered 
by P. Sabatier to the German Chemical Society on May 13, 
1911 (Ber., 44, 1984-2001 (1911))—in which he referred to the 
Abbé Senderens as his student and did not state definitely the 
latter’s independent part in the discovery, with the result that 
he was obliged to set matters right later.—Ber., 44, 3180 (1911). 

See, for example Davies, H., anp F. St. Krpprne, J. Chem. 
Soc., 99, 296 (1911); Ze tmnxa, Tu., Monatsh., 35, 1507 (1914); 


Jaworsky, W., Ber., 42, 435 (1909). 





Nobel Prize Diplorma, December 10, 1912 
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ants (2a). This same year the Lavoisier Medal of the 
Société chimique de France was awarded to Grignard, 
and he also was made a commander of the Order of 
Nicham-Iftikar. 

Immediately after the outbreak of war on August 2, 
1914, Grignard was called to the colors and was as- 
signed (as corporal) to sentry duty at a railroad bridge 
in Normandy. However, the military authorities were 
soon persuaded that his abilities could be put to better 
use for the defense of the country. He was commis- 
sioned to study the cracking of heavy benzol, which was 
to serve as a source of toluene, which was in very short 
supply. He carried out this work at Nancy, where he 
made a quantitative study of the degradation of methyl 
benzols by aluminum chloride. The next July he was 
placed in charge of chemical war materials. Georges 
Urbain (1872-1938)! turned over his own private 
laboratory and a part of his laboratories at the Sor- 
bonne, where Grignard directed the analytical control 
of war gases. With numerous collaborators, he worked 
out methods of manufacturing chemical warfare ma- 
terials, and in association with Urbain investigated 
acute problems of the chemical warfare industry. Al- 
though the results of most of these studies remained in 
the official files, they nevertheless give rise to fifteen 
different papers (some jointly with Ed. Urbain), which 
naturally did not appear until the war was over. Grig- 
nard was in the United States from June, 1917, to the 
end of January, 1918, as chemical representative on the 
Tardieu committee, to coordinate the research and 
manufacture of explosives and war gases of the two na- 
tions. He held a lecture “The collaboration of science 
and industry” at the Mellon Institute,** and returned 
to France with honorary memberships in the American 
Chemical Society, the Mellon Institute, and the Chem- 
ists Club of New York, and with the rank of “sous 
lieutenant.” 

After the armistice, Grignard was demobilized in 
February, 1919, and resumed his activities at Nancy. 
However, in the fall of 1919 Grignard was called to 
Lyons to the chair of general chemistry as successor 
to his former chief, Barbier, who had reached the age of 
retirement. His inaugural lecture had special signifi- 
cance with respect to the historical evaluation of the 
development of chemical education in France and also 
as a partial contribution to the neglected biography of 
Barbier. 


Permettez-moi, avant de commencer ce cours, de saluer ici la 
mémoire de mon vénéré Maitre, M. le Professeur Barbier, et de 
lui présenter l’hommage de ma reconnaissance et de mon admira- 
tion. M. Barbier a occupé pendant prés de 40 années cette 
Chaire et I’a fait briller du plus vif éclat. Je ne veux pas entre- 
prendre de vous exposer ici, meme sommairement, |’oeuvre qu’il a 
accomplie et ses résultats. Je veux souligner seulement un point 
qui vous intéresse particuliérement comme étudiants. Alors 
que de rudes combats se livraient autour de la théorie atomique, 





41 For biography of Urbain see Jos, P., Bull. soc. chim. France, 
[5] 6, 745-766 (1939); Oxspmr, R. E., J. Cuem. Epuc., 15, 201 
(1938). 

42 GRIGNARD, V., J. Ind. Eng. Chem., 10, 137 (1918). 
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que lespuis sances officielles de notre enseignement se mon- 
traient systématiquement hostiles 4 cette théorie et exercaient sur 
tout l’enseignement de la Chimie en France une influence néfaste*? 
dont nos voisins, hélas! n’ont que trop bien profité. M. Barbier 
adopta d’enthousiasme les théories nouvelles dont i! avait com- 
pris, de suite, la merveilleuse fécondité et il en illumina son 
enseignement. I] n’hésita pas 4 sacrifier 4 ce qu’il considérait 
comme la vérité de puissantes protections et il fut l’un des ar- 
dents pionniers qui, en démontrant par leur enseignement et 
leurs recherches toute la puissance de la théorie atomique, con- 
tribuérent si efficacement 4 former la génération actuelle de 
chimistes frangais. . . 


Grignard spent the rest of his life in Lyons. He re- 
fused two offers of chairs in Paris, because he feared 
that the weight of social, professional, and official 
duties in the capital would completely alienate him 
from his researches. In 1921 he was given the addi- 
tional post of director of the Ecole de Chimie industri- 
elle de Lyon, which had been created by industrialists 
and was under the control of the Chamber of Commerce. 
From 1921 on he was a member of the University 
Council, he served several terms as its vice-president. 
He was Dean of the Faculty of Sciences from 1929 to 
his death, he was unanimously elected to this post three 
times. Thus the direction of the two chemical schools 
in Lyons was united in a single hand, a circumstance 
that he termed an “admirable symbiosis” (2b). The 
number of students and teachers increased markedly. 
He aiso busied himself with the most varied application 
of his reagent. However, he also worked in quite dif- 
ferent fields, such as terpenes and ethereal oils; the de- 
termination of the constitution of unsaturated com- 
pounds by quantitative ozonization; the condensation 
of aldehydes and ketones (aldols and ketols); the 
ketone splitting of tertiary alcohols; the cracking of 
hydrocarbons in the presence of aluminum chloride, 
etc. His experimental versatility is shown most 
strikingly by his studies of the catalytic hydrogenation 
and dehydrogenation under reduced pressures, which 
gave surprising results. 

He too fell victim to the usual fate of French scien- 
tists, namely with increasing age he was more and more 
burdened with official duties, committees, scientific 
and administrative councils, and numerous missions, 
which made frequent trips to Paris necessary. 

However, in equal measure there also came to him 
honors and distinctions, which he in no way sought. 
He was an honorary member of the chemical societies 
of America (1917); England (1920); Belgium (1920); 
France (1923); Rumania (1925); Poland (1929); 
Société de Chimie industrielle de France (1921); 
Technological Society of Delft (1923); International 
Faculty of Sciences, London (1932). He was a member 
of the Royal Society of Sciences of Upsala (1909); 
Rumania (1924); Académies of Sciences, France 
(1926); Rumania (1925); Poland (1929); Belgium 
(1929); etc. Honorary doctorates were conferred on 


43 This refers to Marcelin Berthelot (1827-1907), who as sena- 
tor and Minister of Education exerted an autocratic influence 
on the shaping of French educational policies. Ph. Barbier was 
one of Berthelot’s students, and therefore his independent action 
is all the more remarkable. 
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him by Louvain (1927), Brussels (1930), and an honor- 
ary professorship by Nancy (1931). 

The 50th anniversary jubilee of the founding of the 
Ecole de Chimie industrielle de Lyon was made the 
occasion of an impressive ceremony in honor of Grig- 
nard. Held on May 12, 1933, in the Festival Hall of 
the university, it was organized by his students R. 
Locquin, L. Meunier, and Vaney. It coincided with 
Grignard’s nomination as Commandeur de la Légion 
d’honneur and the 45th anniversary of his entrance into 
higher education. This was destined to be the last 
occasion at which he was given a public ovation. The 
committee presented him with a plaque, the work of the 
Lyons sculptor L. Bertola, who faithfully reproduced 
his subject’s characteristic lineaments. Addresses 
were delivered by representatives of the Ministry of 
National Education, the Ecole de Chimie, the Institut 
de France (G. Urbain), the rector of the University, 
the alumni, municipal authorities, and Professor 
Meunier, who had been Grignard’s friend and collabora- 
tor for more than 40 years. The response by Grignard, 
(2b), which has been frequently referred to in this paper, 
was a simple and moving autobiography; it expressed 
the modesty of a real scholar and radiated the full 
charm of his personality. 

During the last years of his life, Grignard undertook 
the organization and scientific supervision of a tre- 
mendous literary task, namely a handbook of organic 
chemistry. This was intended as a counterpart to the 
extensive “‘Traité de Chimie Minérale” edited by Paul 
Pascal. The publication of such a work, for which 
there was no precedent in the French language, had 
been planned by Charles Moureu (1863-1929) but 
had not been realized. Grignard set up the over-all 
plan of the work, which was to consist of 15 volumes, 
and he engaged the authorities who were to write the 
various chapters. He expected the material to be 
handled both didactically and critically. Two volumes 
of this ““Traité de Chimie Organique”’ (I and ITI), con- 
taining chapters written by him and dealing with 
nomenclature and saturated hydrocarbons, appeared 
during his lifetime. Two other volumes (II and IV) 
were left ready for the press, and the editorial work on 
volumes V and VIII was far advanced when death 
removed him from his diligent labors. ** 

Grignard had never had a serious illness. He was 
bedfast about six weeks preceding his death on Decem- 
ber 13, 1935, at the age of 64'/2. He died at a hospital 
in Lyons, following a severe surgical operation which 
could not rescue him from his incurable malady. The 
funeral service in the auditorium of the medical school 
was attended by representatives of the French Chemical 
Society, the Académie des Sciences, the University of 
Lyon and Nancy, etc. 

Grignard lived a life filled with work and accomplish- 
ment. Forty years were devoted to research, and about 
170 publications came from his pen. Though honors 


‘A 


‘4 The work has been continued under the editorship of R. 
Locquin (Grignard’s successor at Lyons) and G. Dupont. 











V. Grignard in His Study at the Institut de Chimie at Lyons, 7 Months be- 
fore His Death 


and distinctions came to him in full measure, his great- 
est satisfaction undoubtedly would have been to witness 
the extraordinary fruitfulness of his method. Even 
while he lived, his name had been indelibly engraved on 
the tablets of the history of chemistry as that of the 
master of the organomagnesium compounds. 

The French Chemical Society celebrated the 50th 
anniversary of its founding in 1907, and in his review 
of the development of chemistry during that period, 
Armand Gauthier (1837-1920) then president of the 
society, placed Grignard’s discovery alongside those of 
Charles Friedel (1832-99)* and Paul Sabatier as the 
three feats of the French school. 

Grignard was also a fruitful teacher; 33 years of his 
life were devoted to instruction. He built up a large 
school and left competent successors. His lecture 
course on organic chemistry which was distinguished 
by its logically constructed development was put into 
book form after his death by his students Roger Grig- 
nard and Jean Colonge. This “Precis de Chimie Or- 
ganique” was published at Paris in 1937, the third edi- 
tion appeared in 1949. 
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PROPOSED REVIEWS OF AUDIO-VISUAL AIDS 


Tue AMERICAN CHEMICAL Society has recently per- 
formed a commendable service of especial interest to 
teachers of chemistry by issuing extensive lists of avail- 
able films on chemical subjects. In principle, such films 
can provide valuable assistance to students, and indeed, 
some have been designed expressly for that purpose. 

Other films listed, on the other hand, are obsolete or 
otherwise unsuitable for educational use. Catalogue 
descriptions are frequently inadequate. There appears 
to be no satisfactory way of selecting those films best 
suited’to one’s purpose without previewing too large 
a number of other films which are inappropriate. 

For the benefit of those not acquainted with methods 
of obtaining these films, the following may be the usual 
procedure: 

1. Complete whatever routine may be necessary for 
ordering the film from a film lending library, 
specifying date or dates acceptable. 

Receive confirmation of order for date specified, 
or be asked to write again mentioning later 
dates which would be acceptable. 

Having arranged a satisfactory date, receive the 
film and make arrangements to preview it. 

If the films appears suitable, use it within 24 or 
48 hours and return, or return it and reschedule 
its loan for class use at some later date, to be 
confirmed or changed by later correspondence. 

If one could be reasonably sure that the film would 
be an asset in teaching, the above procedure would not 
seem too much. If on the other hand the film turns 
out to be obsolete, technically inaccurate, completely 
nontechnical, misleadingly entitled, merely glorified 
advertising, or otherwise disappointing, one would 


certainly feel cheated even if no rental or shipping fees 
were involved. To anyone who has tried to utilize 
chemical films for classroom purposes two needs have 
probably become clear: much more detailed de- 
scriptions, and critical comments based on the experi- 
ence of others. 

THis JOURNAL would like to assist those of its readers 
who are interested in using those audio-visual aids which 
are now available, and to encourage the improvement 
of these aids. It proposes to begin by publishing, at 
intervals, detailed summaries and critical reviews of 
chemical films and similar teaching aids. 

This program needs your whole-hearted cooperation. 
Many of you are familiar with some of the available 
chemical films and already have notes and opinions and 
reviews on file. If so, will you please send copies, in 
any form whatever, as follows: 


1. Ifyou teach west of the Mississippi River, mail to 
Richard Wistar 
Department of Chemistry 
Mills College 
Oakland, California 
2. ‘If you teach east of the Mississippi River, mail to: 
R. T. Sanderson 
Department of Chemistry 
University of Florida 
Gainesville, Florida © 


These men will collaborate in coordinating the infor- 
mation which you contributed into suitable review 
form, which will then be published in Tuts JourNAL. 
Your help will be much appreciated and will be fully 
acknowledged in the proposed reviews. 
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CATALYTIC HYDROGENATION USING RANEY 
NICKEL 


In rnpusrry and in research institutions catalytic 
hydrogenations have become indispensable processes. 
Leaving out of consideration mixtures of catalysts, such 
as mixtures of vanadium, molybdenum, chromium, and 
other oxides, we are left with the somewhat expensive 
platinum and palladium catalysts, or the inexpensive 
nickel (1a-e). It has been found that the poor rela- 
tion, nickel, is an extremely versatile catalyst, and is 
well adapted for use not only in research, but as a prac- 
tical tool in teaching the technique of catalytic hydro- 
genation to students. The paper now presented has 
been written with this latter purpose in mind. 

Nickel may be prepared in active form by several 
processes. The earliest one was discovered (1897) by 
Sabatier and Senderens (1/a). In this process, pumice or 
other porous support is soaked in a solution of a nickel 
salt, e. g., nickel nitrate, which is then converted by al- 
kalies or direct heating into nickel oxide. This is re- 
duced by means of hydrogen at 300° to 450° to an ac- 
tive finely-divided, pyrophoric form of nickel. The 
original method suffered from the drawback, at least on 
the laboratory scale, that hydrogenations were per- 
formed in heated tubes; the compounds to be hydro- 
genated being vaporized and passed with hydrogen over 
the heated nickel. This drawback is not a radical one, 
since this type of catalyst has been extensively used in 
liquid phase experiments. 


RANEY NICKEL 


In 1927 Murray Raney introduced a vastly more 
convenient and amenable form of nickel catalyst (2). 
He treated alloys of nickel and aluminum with sodium 
hydroxide solution; the aluminum dissolved to form 
aluminate leaving a black residue of finely-divided 
nickel. This residue possessed the advantage that it is 
readily settled, could therefore be easily washed with 
water by decantation, without filtration, and, after 
washing with ethanol to remove water, could then be 
used as a suspension in alcohol. Adkins and his col- 
laborators have greatly improved the quality and per- 
formance of Raney nickel by attention to details in its 
preparation. They have thus produced nickel of 
several comparatively well-defined grades of activity— 
that of highest activity (later referred to as W-6 Raney 
nickel ($d)) comparing well in range of applicability, 
and often of specificity, with the different grades of ac- 
tive platinum and palladium obtainable. 

The first of the improved forms, prepared by Covert 
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and Adkins (3a), was not particularly active. But 
Pavlic and Adkins (3b) produced a much more active 
one by lowering the temperature (to 50°) at which the 
nickel-aluminum alloy was treated with alkali, shorten- 
ing the period of this treatment (from 12 to 1'/2 hours), 
and preventing undue contact of catalyst with air dur- 
ing washing. Adkins and Pavlic (3c) designated this 
method as W-4; and later, Adkins and Billica (3d) pre- 
pared the most active of these Raney nickel catalysts 
(W-6) by maintaining a pressure of hydrogen over the 
nickel throughout washing operations. They further- 
more (3e) investigated the effect of temperature and 
other factors on rate of hydrogenation. The author 
finds, however, that Raney nickel W-4, as prepared by 
Adkins and Pavlic (3b, 3c), is excellent. It is this 
method which, with a few simplifications, will now be 
described. 


PREPARATION OF RANEY NICKEL CATALYST 


Sodium hydroxide (65 g.) and water (250 ml.) are 
placed in a conical flask (1 liter) fitted with thermometer 
and stirrer (which may be of nickel, steel, tantalum, 
etc., twisted as recommended by Hershberg (4)). The 
flask is immersed in an easily removable bath of cold 
water. When the temperature of the stirred solution 
has fallen to 50° Raney nickel-aluminum (50 per cent) 
alloy (50 g.) is added in small portions (2 to 5 g.) at 
such a rate that the temperature remains at 50°+2°, 
the mixture being meantime rapidly stirred. If the 
temperature falls too low the cooling bath should be 
removed until 50° is again attained. The whole amount 
of the alloy should have been added by the end of half 
an hour. The cooling bath is now removed, and the 
mixture kept at 50°, using a hot-water bath, for 50 
minutes, with gentle stirring. The stirrer is stopped, the 
mixture allowed to cool, and when the nickel has set- 
tled, the supernatant liquid is poured off, and the resi- 
due washed once by decantation with distilled or 
boiled-out tap water, avoiding contact of the nickel with 
air by swirling suspensions rather than by shaking. The 
nickel is now swirled into a 500-ml. measuring cylinder 
which is then filled with water. The nickel is washed in 
this water by mechanical or manual stirring. After 
settling, the supernatant liquid is syphoned off through 
a glass U-tube, which has first been-filled with water to 
initiate syphoning, or by gentle suction at the pump. 
The washing operation is repeated until the syphoned 
liquor is free from alkali (neutral to litmus). The resi- 
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due is now washed similarly, two or three times, with 
ethanol (100 ml. at a time). Finally the whole volume 
(catalyst + ethanol) is made up to 125 ml., the mixture 
swirled, and rapidly decanted into a reagent bottle. 
Much of the heavier portion of the nickel which does 
not decant with the ethanolic suspension may be rapidly 
scraped by means of a spatula into the reagent bottle. 
After allowing the nickel to settle, the supernatant 
liquid is poured back into the measuring cylinder, the 
residue of nickel swirled into suspension, 2nd the whole 
decanted into the reagent bottle; this procedure being 
repeated until all the nickel has been transferred. 
Throughout, every effort must be made to prevent 
undue mixing with air. The well-mixed suspension 
thus prepared should contain approximately 25 g. of 
nickel (from 50 g. of 50 per cent alloy) in 125 ml. of 
ethanolic suspension, 7.e., 1 g. of nickel in 5 ml. of sus- 
pension. 

Caution! Raney nickel when dry ignites spontane- 
ously in air—it is pyrophoric—and must therefore be 
kept always “wet’’ with liquids such as ethanol or 
water. The used nickel must never be thrown into a 
waste bin, but poured down the special waste drain. I 
have found that for small quantities washing down the 
sink with plenty of water has given no trouble. 


MEASURING RANEY NICKEL 


Since Raney nickel is pyrophoric it is not possible to 
weigh it. It is always necessary to “measure” it in sus- 
pension, ¢.g., by means of a spoon of known capacity. 
The writer has found the following method very satis- 
factory. 

The neck of the reagent bottle containing nickel 
+ ethanol is fitted, as shown in Figure 1, with a cork or 
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Figure 1 


rubber stopper through which passes a wide glass tube 
(1 cm. in diameter and 5 cm. long), one end being flush 
with the inner end of the cork, and the other having a 
length (12 cm.) of wide rubber tubing attached to it. 
The tubing is further fitted to a glass tube + cork + 
test tube, as above described for the bottle. The test 
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tube is calibrated with 5 ml. graduations. Suspensions 
of nickel are measured out thus: The nickel-ethanol 
suspension is swirled until thoroughly mixed, then the 
bottle is suddenly inverted, and the suspension shot 
into the test tube. If too much has been transferred 
the operation is carried out in reverse. In each opera- 
tion care must be taken to insure that heavy particles of 
nickel have a good chance of being transferred. The 
test tube is now detached, the suspension transferred to 
the hydrogenation flask, residual nickel being scraped 
in with a spatula, and finally rinsed in with the mini- 
mum volume of fresh ethanol. 

Note 1. In order to remove catalyst poisons, before 
use all rubber parts should be soaked in dilute caustic 
alkali solution, then in nickel-ethanol suspension, and 
rinsed with ethanol. 

Note 2. The ethanol used in all these and actual 
hydrogenation processes must be free from catalyst 
poisons and from impurities which may react with 
hydrogen. To remove these it is strongly recommended 
that the ethanol be mixed with a portion of the nickel 
suspension for about 15 minutes, then decanted—the 
used nickel being, of course, discarded. As an addi- 
tional precaution the ethanol may be distilled from 
fresh nickel, but this is unnecessary. 

Note 3. Substances being hydrogenated should be 
pure or at least free of catalyst poisons, e.g., sulfur 
compounds. 


THE HYDROGENATION APPARATUS 


Hydrogen may be obtained from a cylinder but 
should be purified. It has been found that hydrogena- 
tions which could not be effected, or at best extremely 
slowly, using palladium or platinum catalysts and 
cylinder-hydrogen, could be carried out with pure 
hydrogen as generated by the author’s hydrogen (and 
air-free carbon dioxide) generator (5). The hydrogen 
is generated by the action of 1:1-hydrochloric acid 
solution on pure (at least arsenic-free) zinc which has 
been treated in situ with 3 per cent copper sulfate solu- 
tion to form the zinc—-copper couple. The gas is passed 
through two bubblers containing (1) mercuric chloride 
solution, (2) alkaline potassium permanganate solu- 
tion; it is of no advantage to dry the hydrogen. The 
hydrogen is collected in a 320-ml. measuring tube 
(Figure 2, A), and can be transferred, by suitable ad- 
justment of the three-way tap, B, and raising the water 
reservoir, C, to flush out and finally fill the hydrogena- 
tion flask, D. 

Rubber connections should be treated as described 
earlier. A layer of castor oil smoothed over the outside 
of the rubber tubing is rapidly absorbed, and is alleged 
to form eventually within the rubber a plastic film 


‘which offers resistance to diffusion of gases. 


Stirring of the suspension in D is effected by the ex- 
cellent method of Noller and Barusch (6) using a rotat- 
ing magnet, FE, actuated by a rotating Alnic permanent 
magnet, F. The former, Z, of the shape shown (en- 
larged in Figure 2) is easily made by sealing and flatten- 
ing the end of a thick-walled pyrex glass tube, blowing 
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the bulb and allowing to cool. A decapitated, soft-iron 
nail is inserted, and the open end of the glass tube sealed 
and flattened—at right angle to the other flattened end. 
This stirrer rotates on a point on the surface of the 
bulb, and operates with the minimum of friction and 
noise. Small bulbs instead of flattened ends are just as 
effective. 

The Alnic magnet is preferably mounted on a bear- 
ing, and belt-driven by a motor controlled by an ad- 
justable resistance. 


THE PROCESS OF HYDROGENATION 


The first requirement is to saturate the catalyst 
(cf. 6). To this end, the nickel-ethanol suspension is 
introduced into the flask D, using 5 ml., t.e., approxi- 
mately 1 g. of nickel for every gram of substance to be 
hydrogenated. This is relatively a very large excess 
of catalyst, much less may safely be used, but an excess 
ensures maximum contact area of catalyst and conse- 
quent enhancement in speed of reaction. The stirrer, 
E, is inserted, the ground-joints of D and the thistle- 
funnel G greased thinly with vaseline or silicone grease, 
and, although not essential, G is wired or clamped to D. 
The author finds that a suitable clamp is readily made 
by attaching springs at four points on the periphery of a 
flat brass ring which presses against the base of the 
flask D, the springs being looped over the stopcock H. 
Obviously, the brass fitting can be dispensed with if the 
flask D is provided with the well-known glass hooks. 
The flask is now flooded several times with hydrogen— 
it is dangerous to evacuate a thin-walled conical flask— 
by suitable manipulation of taps B and H and by raising 
and lowering the reservoir C. With B set to connect A 
and D, the reservoir C is raised so as to develop the 
highest possible water pressure (as indicated in Figure 
2), and the stirrer set in motion. When absorption of 
hydrogen ceases (in approximately an hour) the stirrer 
is stopped, the reservoir, C, lowered to below the level 
of the water in the graduated tube A, the ethanolic 
solution of the substance to be hydrogenated, or even a 
suspension of the substance, is then poured into the 
funned @, and sucked into the reaction flask D after 
opening the tap H. Obviously, air must not be al- 
lowed to enter during this operation. Residual solution 
is washed in by use of fresh ethanol. After the usual 
leveling of water surfaces in C and A the volume in A is 
read, C raised, the stirrer set in motion, and absorption 
allowed to continue until complete: A may, of course, 
be refilled with hydrogen, during reaction, if required. 
After releveling, the volume in A is again used. Hence 
the volume of hydrogen (moist) absorbed under the 
observable temperature and pressure is found: this 
volume is reduced to S.T.P. The funnel G is then dis- 
connected from the flask D, the neck of D wiped free 
of grease, the suspension filtered through a sinter-glass 
filter, the nickel boiled several times with fresh ethanol 
to remove the hydrogenated product, which often re- 
mains tenaciously attached to the catalyst, and the 
united filtrates distilled to dryness. The product which 
is invariably nearly pure may then be crystallized 
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Figure 2 


from a suitable solvent, or, if a liquid, distilled. 

Note: (1) The residual nickel must not be allowed 
to become dry and free of ethanol: it may often with ad- 
vantage be used again. (2) All ethanol used must have 
been pretreated with nickel catalyst: it too, after re- 
covery, is the ideal solvent for the next hydrogenation. 
(3) Dioxane, ethyl acetate, methanol, and even acetone 
may also be employed as solvents, but it must be re- 
membered that acetone is slowly reduced under the ex- 
perimental conditions to sec-propyl alcohol. (4) The 
solution of the substance being hydrogenated must be 
at room temperature, and show no tendency to crystal- 
lize, otherwise crystallization will take place on the 
surface of the nickel, and completely prevent hydro- 
genation. For this reason if the substance is relatively 
insoluble in ethanol it is advisable to wash it in solid 
condition into the flask D. 


EXPERIMENTAL 


The following examples of catalytic hydrogenation 
have been selected to provide students with varied ex- 
perience in the hydrogenation process, and because of 
their intrinsic interest. The examples have been care- 
fully selected to ensure that the product is a solid of 
markedly different color or melting point from the 
starting material, and is of such a nature that an in- 
teresting and characteristic derivative may be pre- 
pared to establish its identity. For these reasons the 
examples given by Covert and Adkins (8a), styrene 
(—ethylbenzene), acetone (—sec-propyl alcohol), mesi- 
tyl oxide (—methyl isobutyl ketone—methyliso- 
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butylearbinol), have not been included, since the prod- 
ucts are liquid, although they can be readily converted 
into characteristic derivatives. 

(A) Reduction of a Nitro Derivative. 


o-Nitroaniline o-Phenylenediamine 


—NH, G | NH: 
NO, \ NH, 


In the reduction of a nitro to an amino compound six 
atoms of hydrogen are required (RNO, + 6H-—RNH, 
+ 2H.O). Hence, for the reduction of 1 g. mol of o- 
nitroaniline (138 g.), 3 g. mols of hydrogen (3 X 22,400 
ml. at N.T.P.) will be required. 

Nickel-ethanol suspension (15 ml. containing ~3 g. 
nickel) washed in with ethanol (10 to 15 ml.) was 
saturated with hydrogen in half an hour. Ortho- 
nitroaniline (4.14 g.; 0.03 g. mol) in powdered form was 
rinsed into the hydrogenation flask with ethanol (25 
ml.). In three hours absorption of hydrogen was at an 
end—1765 ml. were absorbed; theory requires 2016 ml. 
During this time the orange-colored solution became 
nearly colorless. The reaction mixture was filtered, the 
nickel thoroughly extracted by boiling with ethanol, 
and the combined filtrates distilled to dryness, assisted 
at the end by evacuation. The residue was at once ex- 
tracted with boiling benzene, in which o-phenylene- 
diamine is very soluble in the hot but not very soluble 
in the cold. On cooling, the solution deposited pale 
brown plates which, by crystallization’ once from 
petroleum (b. p. 80-100°), gave colorless, nacreous 
leaflets, m.p. 99—-100° (2.77 g.; theory requires 3.24 g.; 
yield 86 per cent). Ortho-phenylenediamine also crys- 
tallizes beautifully from methylene dichloride in dia- 
mond-shaped crystals. 

In another experiment, using another preparation of 
Raney nickel, o-nitroaniline (1.38 g.) absorbed hydrogen 
(650 ml. at N.T.P.; theory requires 672 ml.) in 45 
minutes, and gave o-phenylenediamine (0.90 g.; yield 

O Ph 


83 per cent). 
Derivative. 
TA ‘ 
_NH, a Ph 
| _ 
NH; C 7p, 
oN 
O Ph 
The product may be identified by preparation of 
2,3-diphenylquinoxaline; a solution of o-phenylenedia- 
mine (1.08 g.) and benzil (2.10 g.) in ethanol was boiled 
for 5 minutes. On cooling, colorless needles separated, 
and after crystallization from methanol had m. p. 122° 


to 123° (literature, 126°). 
(B) Hydrogenation of Maleic Acid. 


CH—CO CH—COOK CH,—COOH 
ay i SES ne CH.—COOH 


Maleic acid which has been kept contains fumaric 
acid, and the latter takes up hydrogen extremely 
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slowly, much more slowly than maleic acid does; it is 
characteristic that cis isomerides hydrogenate more 
rapidly than the trans isomerides do. Accordingly, the 
expedient was adopted of hydrogenating potassium (or 
sodium) maleate, prepared in situ by dissolving maleic 
anhydride in water, adding ice-cold potassium hydroxide 
solution until alkaline, and hydrogenating the maleate 
to the succinate ion. Acidification gave succinic acid. 

Thus, maleic anhydride (chipped from a crystalline 
block, 1.96 g.; 0.02 g. mol) was dissolved in cold water 
(10 ml.). An ice-cold 15 to 20 per cent solution of 
potassium hydroxide was added until the mixture was 
slightly alkaline to litmus. This was added to the pre- 
viously hydrogen-saturated nickel (2 g. of nickel in 10 
ml. of ethanol to which 10 ml. of water had been added), 
and hydrogenated. In three hours hydrogenation was 
practically complete (340 ml.; theory requires 448 ml., 
possibly absorption had occurred to some extent during 
initial mixing of reactants). The filtered solution was 
rendered strongly acid by means of concentrated hydro- 
chloric acid, and then evaporated to dryness on the 
water bath. The residue was extracted by boiling sev- 
eral times with ethanol, filtering from the insoluble 
potassium chloride, evaporating the ethanolic solution, 
and crystallizing the residue from methyl cyanide or 
from the minimum amount of water. There is con- 
siderable loss when water is used. The succinic acid so 
obtained (1.72 g.; yield 73 per cent) softened at 175°, 
and melted at 182-185°, (literature, 184-185° and 
189-190°, cf. 7). 

(C) Hydrogenation of Chalcone (Benzylideneaceto- 
phenone). 

PhCH=CH—COPh (I)—>PhCH.— CH.—COPh (II) 
—PhCH,—CH.—CH(0OH)Ph (III) 

(1) Hydrogenation of chalcone, (I), to benzylaceto- 
phenone, (II). 

Nickel (~ 2 g.) recovered from other hydrogenation 
experiments was thoroughly washed with water until 
free from alkali, then washed with ethanol and finally 
with ethyl acetate. It was suspended in pure ethyl 
acetate (5 ml.) and saturated with hydrogen. Chal- 
cone (2.08 g.; 0.01 mol) in ethyl acetate (5 ml.) was 
added and washed in with more solvent (10 ml.). Ab- 
sorption of the amount of hydrogen theoretically re- 
quired (224 ml., N.T.P.) for hydrogenation of (I) — 
(II) was accomplished in 5 minutes. The filtered, 
evaporated solution gave a white solid (1.79 g.; yield 
85 per cent) which, after crystallization from methanol, 
had m. p. 69-70° (literature, 72~73°). (Strauss and 
Grindel (8a) used palladium, and Adams (8b) used his 
platinum catalyst for this hydrogenation, with similar 
results.) 

Derivative. The 2,4-dinitrophenylhydrazone of ben- 
zylacetophenone was prepared by adding a drop of con- 
centrated sulfuric acid to a suspension of 2,4-dinitro- 
phenylhydrazine in methanol, then adding the clear 
solution so obtained to a solution of the ketone in hot 
methanol. The hydrazone separated at once as an 
orange precipitate, and was dissolved in ethyl acetate 
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from which it crystallized in prisms, m. p. 180° (ef. 9). 

(2) Hydrogenation of chalcone, (I), to 1,3-diphenyl- 
propanol, (IIT). 

There is no slowing down in hydrogenation after 
the first stage, (I) — (ID), has been passed, especially if 
the nickel catalyst is slightly alkaline. Actually, it is 
generally found that alkali greatly accelerates reduction 
of ketones to carbinols (10). 

Nickel-ethanol (20 ml. of suspension, containing 4 g. 
nickel), rendered slightly alkaline with aqueous potas- 
sium hydroxide solution, was saturated with hydrogen: 
chalcone (8.32 g.; 0.04 g. mol) in ethanol (20 ml.) was 
added and hydrogenated. After 45 minutes absorption 
ceased; (1545 ml.; theory requires 1792 ml.). The 
ethanol filtrate was concentrated, felted crystals which 
separated were removed, and the filtrate fractionally 
distilled. 1,3-Diphenylpropanol, a colorless oil, boiling 
sharply at 195° under 7 mm. pressure, distilled over 
with unusual rapidity (6 g.; yield 77 per cent). 

Derivatives. The p-nitrobenzoyl derivative of 1,3- 
diphenylpropanol was prepared by heating the alcohol 
(0.5 g.) with slight excess (0.5 g.) of p-nitrobenzoyl 
chloride (crystallized from petroleum, b. p. 80—100°) in 
pyridine (1 ml.) by immersing in boiling water for one 
hour, treating the mixture with water, then with 5 per 
cent sodium hydroxide solution. The residue crystal- 
lized from petroleum (60-80°) in feathery crystals, 
m. p. 89-90° (found: C, 73.2; H, 5.5; N,4.0. Calcu- 
lated for CoxHO.N, C, 73.1; H, 5.3; N, 3.9 per cent) 
as found by Pfeiffer, et al. (11). 

(D) Reduction of Fluorenone to Fluorenol. 


JD - ade 


Fluorenone a g.) was oes in presence of 
nickel-ethanol (1 g. nickel/40 ml. ethanol) and 10 per 
cent potassium hydroxide solution (1 ml.). Reduction 
to fluorenol, m. p. 152°, took 5 minutes (0.73 g. yield 
80 per cent). Hydrogenation at room temperature, in 
absence of alkali, is incomplete even after 55 minutes. 
For further information regarding this hydrogenation, 
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and that of fluorenone-l-carboxylic acid, see Forrest 
and Tucker (12). 

Benzophenone has been hydrogenated by Adkins and 
Billica (3d) in presence of triethylamine and W-6 
Raney nickel (the most active form) to benzhydrol. 
Here, as in other hydrogenations of the keto group, ad- 
dition of a base accelerated the reaction (1/0). 
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COLD RUBBER’ 


Sivce cold rubber was. first produced commercially 
in February, 1948, interest in this new synthetic rubber 
has increased tremendously. Prior to the end of 1949 
production of cold rubber in the United States and 
Canada reached an annual rate in excess of 100,000 long 
tons. The new rubber is superior to natural rubber for 
tire treads and a great variety of other items in the 
mechanical goods, wire and cable coating, and footwear 
fields. For the first time since the discovery of vul- 
canization, natural rubber is faced with vigorous and 
healthy competition both economically and quality- 
wise. 

It is the purpose of the present paper to review the 
background of the development of cold rubber and to 
describe its properties and utility in comparison with 
natural rubber and ordinary GR-S synthetic rubber. 


HISTORICAL DEVELOPMENT 


Much of the science and technology related to cold 
rubber is of recent origin. Certain indications that 
low temperature polymerizations would lead to im- 
proved synthetic rubbers are, however, quite old al- 
though until recently most authorities were suggesting 
that the ideal polymerization temperature would prob- 
ably be the tropical temperature at which natural 
rubber is formed. As far back as World War I, the 
Germans were aware that the old methyl rubber, pro- 
duced by bulk polymerization, was better when manu- 
factured at room temperature than it was when made 
at an elevated temperature. The difficulty was that it 
took several months to make methyl rubber at room 
temperature. In fact, when World War II caught 
America so dangerously short of rubber, there was still 
no method known for manufacturing butadiene-styrene 
synthetic rubber in a commercially feasible time at 
temperatures below 100°F. A reaction temperature of 
122°F. (50°C.) was selected for the large-scale pro- 
duction of GR-S synthetic rubber in the Government- 
owned copolymer plants. This temperature permitted 
the enormous production that was necessary to meet 
the war emergency, but the product produced was 
inferior to natural rubber in some respects. 

During 1943 and 1944, after GR-S production was 
well under way, various investigators studied the 
influence of polymerization temperature upon its 
properties. The opinion was frequently expressed that 
lower polymerization temperatures seemed to result 
in some improvement in the properties of the rubber. 





1 Presented before the New York Section of the American 
Chemical Society, January 12, 1950. 
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However, still there were no known processes by which 
rubber could have been made commercially at lower 
temperatures and the degree of improvement noted 
did not seem to justify intensive efforts to develop more 
rapid polymerization recipes. 

The early indications of improved rubber produced 
at lower temperatures were based entirely upon labora- 
tory findings, which often correlate poorly with the 
results of end-product testing under actual service 
conditions. At the instigation of the Office of Rubber 
Reserve, some plant-scale quantities of GR-S were 
produced at 104°F. and at 86°F. in the Government- 
owned plant at Los Angeles, California, in November, 
1943. Laboratory and factory studies of these poly- 
mers during 1944 and 1945 did not indicate any out- 
standing improvement and tire tests showed no supe- 
riority over GR-S. Following this program, it was felt 
by many that polymerization temperature was of minor 
importance in tire wear. However, we now know 
that the temperatures involved were not sufficiently 
low to result in the improvements found later in cold 
rubber. 

The final rapid development and commercialization 
of cold rubber came about as a result of improvement 
in polymerization recipes making possible rapid efficient 
reactions at low temperatures. Quite independently of 
information later received from Germany, research 
sponsored by the Office of Rubber Reserve during and 
subsequent to 1944 led to the development of rapid, low- 
temperature polymerization systems. MDN, a diazo- 
thiolic ester (2-(4-methoxybenzenediazomercapto)naph- 
thalene), was developed as a polymerization initiator 
at the University of Cincinnati in 1944 and it was shown 
that rubber could be produced rapidly in emulsions at 
65-75°F. through the use of diazothiolic ester initiation. 
Late in 1944 the Rubber Reserve group at the Univer- 
sity of Minnesota found that MDN when used in 
ferricyanide-mercaptan systems led to exceedingly 
rapid reactions and it was demonstrated that rubber 
could be made in a reasonable time (12 hours) at 32°F. 
It should be a matter of record that at the time the 
American technical missions brought back information 
on activated recipes from Germany in 1945 no German 
recipe had given as rapid reaction rates as the American 
MDN-ferricyanide system. Although emphasis was 
later shifted from the MDN type recipes to the less 
expensive redox recipes the diazothioloc ester recipes 
could have been used for the commercial production of 
cold rubber. In fact, cold rubber produced by the 
MDN system on pilot plant scale figured prominently 
in the first comprehensive tire test program which 
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firmly established the merits of processable cold rubber. 

The information from Germany at the close of the 
war relating to redox polymerization systems and to the 
Germans’ firm belief in the superiority of rubber pro- 
duced at lower temperatures further stimulated interest 
in this country in low temperature polymerizations. 
The Germans apparently had studied emulsion poly- 
merizations at low temperatures only on a laboratory 
scale, and above the freezing point of water, and had 
made no tire tests of redox rubber. However, their 
laboratory evaluations of low temperature polymers 
indicated a marked superiority over the standard 
Buna 8-3 and their work would probably have evolved 
into commercialization of cold rubber had it not been 
curtailed as a result of the war. 

One point of importance should be noted relative to 
the German work. Contrary to American practice, 
the Germans manufactured only slightly modified 
synthetic rubber. This tough, highly cross-linked 
material required heat softening just prior to compound- 
ing. German factories were equipped to heat-soften 
the Buna rubber but in the opinion of American au- 
thorities this was an expensive unnecessary operation. 
Nevertheless, the German cold rubber work followed 
the Buna 8-3 practice and efforts were concentrated 
upon tough unprocessable products. As a matter of 
fact, the Germans had found no satisfactory method of 
“modifying” their redox rubber. 

The American technical teams in 1945 carried home 
the Germans’ great enthusiasm for cold rubber, but, 
unfortunately, they also brought the unmodified redox 
recipes. In spite of the fact that the MDN-ferricyanide 
recipe not only produced soft modified rubber but was 
actually faster than the German recipes, many Ameri- 
can groups concentrated their efforts on the unmodified 
system of the Germans. Heat softening of the un- 
modified cold rubber largely destroyed its inherent 
superiority as was soon demonstrated by tire tests. 
Thus, while the German enthusiasm for cold rubber 
stimulated the American development, the importation 
of the German redox recipes actually retarded its attain- 
ment. 

At this point a few words might be said of the de- 
velopment of redox or reduction oxidation polymeriza- 
tion. The point is sometimes overlooked that redox 
emulsion polymerization recipes were developed in the 
United States independently and probably about simul- 
taneously with the German work. Stewart, Fryling, 
and other American investigators applied for numerous 
patents on redox systems in 1941 and 1942 and their 
work clearly outlines the basic principles of redox activa- 
tion. These workers apparently were interested in 
polymerizations in the range of 86 to 95°F. since no 
examples are given in their patents wherein lower tem- 
peratures are used. Since the superiority of cold rub- 


ber becomes pronounced only at much lower polymer- 
ization temperatures, this early work should be con- 
sidered significant chiefly in connection with the his- 
torical development of the redox method of polymeriza- 
tion. 


In passing, it might be mentioned that British 
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chemists, again independently and simultaneously, had 
developed a method of polymerization similar to the 
German and American redox. The British systems 
were termed “reduction activation.” 

The cold rubber recipe in most general use at present 
is an emulsion redox type utilizing cumene hydroper- 
oxide (CHP) as the oxidant and tertiary aliphatic mer- 
captans as modifiers to produce soft processable rubber. 
Cumene hydroperoxide was introduced by Hercules 
Powder Company as an activator for rosin soap emul- 
sion polymerizations in persulfate catalyzed recipes. 
The University of Minnesota Rubber Reserve group 
first used CHP in a mercaptan-modified redox recipe in 
early 1945. The early Minnesota work was carried out 
at 122°F. and 86°F. 

Fryling, Troyan, and their co-workers modified the 
Minnesota recipe and it was successfully adapted to 
large-scale pilot plant production of 41°F. cold rubber 
in late 1946. As stated earlier, 41°F. MDN-ferri- 
cyanide cold rubber had already been produced on 
pilot plant scale and the two types were extensively 
studied in factory operations and in tires in tests con- 
ducted during 1947. These tests demonstrated that 
polymerization temperature was the important variable 
since rubber produced in the two widely different recipes 
was of about the same quality. Present commercial 
production utilizes the hydroperoxide-redox system. 
In January, 1949, a new group of higher molecular 
weight hydroperoxides distributed under trade-mark 
“Diox” was announced. These materials make possi- 
ble unusually rapid, low-temperature, emulsion poly- 
merizations. For example, butadiene-styrene copoly- 
mers can be produced in only five hours at —4°F. 

The history of the development of cold rubber has 
been a constant search for faster and faster polymeriza- 
tion recipes. During World War I it took four months 
to make methyl rubber in bulk at room temperature. 
The GR-S emulsion recipes produced rubber in 12 to 
14 hours at 122°F. but required 36 hours at 86°F. 

A factor of the utmost importance in the phenomenal 
success of cold rubber has been a companion develop- 
ment in carbon black. The long-wearing modern tires 
owe their extreme toughness and high abrasion resist- 
ance to reinforcement of the treads with carbon black. 
Until about five years ago most of the carbon black 
used in tire treads was made from natural gas by the 
channel process which utilizes thousands of small 
burners with smoky flames impinging upon a slowly 
moving metal channel. ‘Furnace” carbon black was 
also made from natural gas but this type was softer 
and hence less reinforcing. In late 1947 a new type of 
high abrasion furnace black produced in a unique reac- 
tor or “furnace” from oil rather than gas was placed in 
commercial production. 

It was quickly found that the new HAF (high abra- 
sion furnace) black imparted unusual properties to syn- 
thetic rubber compounds. Not only was the abrasion 
resistance improved greatly but another point of com- 
parable value was the fact that synthetic tire treads 
incorporating the new black were highly resistant to 
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crack development. The relatively poor resistance of 
GR-S with respect to tread cracking when compounded 
with channel black had been its most serious deficiency. 
Fortunately, the improvements of cold rubber and the 
new furnace black were found to be additive and the 
combination has produced tire treads superior to the 
best natural rubber treads previously known. 

During 1946 and early 1947 more than 30,000 pounds 
of readily processable cold rubber was produced in a 
refrigerated pilot plant located at Phillips, Texas. 
Most of this rubber was fabricated into test tires by the 
Armstrong Rubber Manufacturing Company of Des 
Moines, Iowa, using HAF black in the compounding. 
The Government Office of Rubber Reserve gave invalu- 
able assistance throughout this test program and many 
of the earliest tires were tested on the Government Tire 
Test Fleet at San Antonio, Texas. 

The results of the various tire tests were so impressive 
that Copolymer Corporation quickly requested and re- 
ceived Government approval to refrigerate the Govern- 
ment-owned synthetic rubber plant located at Baton 
Rouge, Louisiana. Commercial production began on 
February 20, 1948, at a rate of about 15,000 long tons 
per year. During the balance of that year the new rub- 
ber became firmly established and plans were formu- 
lated to expand the cold rubber production to nearly 
200,000 long tons per year. This expansion is now es- 
sentially completed. 


THE COLD RUBBER PROCESS 


Cold rubber is presently produced by the emulsion 
copolymerization of butadiene and styrene at a tem- 
perature of 41°F. (5°C.). Basically the process is 
similar to the well-known GR-S process except for the 
reaction temperature and method of initiation. Acti- 
vated recipes comprise essentially a compound which 
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SEVERAL THOUSAND MORE 


HOT MONOMER 


Figure 1. The MDN-Ferricyanide-M ptan Recip 





The exact functions of the initiator ingredients are not completely under- 
stood. A mercaptan such as tertiary dodecyl mercaptan is an essential 
ingredient for a fast reaction rate and it is possible that the first step in the 
initiation is the reaction between the ferricyanide and the mercaptan. 
It seems probable, however, that -the initiating free radicals are derived 
from the MDN (R—N=N—S—R’—~> RR: + R’—S:+ Nz). These free 
radicals add to a monomer such as butadiene to initiate a polymer chain. 
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Figure 2. The Redox Recipe 


A well-known redox emulsion polymerization recipe involves a hydro- 
peroxide as the oxidant, sugar as the reductant, and ferropyrophosphate as 
the oxidation-reduction catalyst. Probable reactions involved are: 


R—OOH + [Fet+*+]— RO: + [Fet+**] + OH- 

RO- + Monomer —~> ROM - 

ROM : + n(M) — ROM—(M)p (termination step not shown) 
{[Fe*+*+*] + Sugar — [Fe*+*] + oxidation product of sugar 


It has been widely reported in the press that cold rubber is made from sugar. 
Actually the function of the sugar is merely to regenerate the iron pyro- 
phosphate catalyst. (This caricature of Figure 2 is the story of the eagles 
and the hornets. Bob Hope reports that he was a child of remarkable 
precocity. His parents were able to skip the chapter on the birds and the 
bees and start him right out on the one about the eagles and the hornets.) 


can be catalytically decomposed to free radicals and a 
second component to effect the decomposition. The 
free radicals produced add to a monomer molecule to 
produce an activated monomer. The activated mono- 
mer adds to a second monomer molecule and the new 
radical produced adds to still another. This process 
continues until the growing chain is terminated by a 
chain terminating or transfer agent. Thus, the essen- 
tial steps are initiation, growth, and termination. The 
production of cold rubber by the MDN recipe and by the 
Redox type recipe is shown facetiously in Figures 1 and 
2. (These show the depths to which a polymerization 
chemist will stoop in order to attract attention.) 

Much of the cold rubber is produced by a hydroper- 
oxide redox recipe known as the “Custom” recipe. 
This recipe contains the following ingredients: 





Custom Recipe for 41° F. Cold Rubber 








Ingredient Parts by weight 
Butadiene 72 
Styrene 28 
Tertiary Mercaptan 0.24 
Cumene Hydroperoxide (100%) 0.10 
Water 180 
Rosin Soap (Potassium) 4.7 
(FeSO,-7H,O 0.14 
| K,P2O7 0.167 
KCl 0.5 
KOH 0.10 
Dextrose 1.0 





The ingredients bracketed comprise’ the activator 
suspension. The most critical part of the process lies 
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in the activator preparation, the ingredients of which 
must be properly mixed and “‘ripened”’ by careful warm- 
ing. In most plants the ingredients, with the exception 
of the hydroperoxide, are charged to refrigerated reac- 
tors and “lined out” at 41°F. The reaction is then 
started by addition of the cumene hydroperoxide and is 
complete (to the desired 60 per cent conversion) in 
about 14 hours. The reaction is then shortstopped by 
the addition of powerful polymerization inhibitors and 
the charge is simultaneously pumped from the reactor 
to the “blowdown” tank. After removal of unreacted 
monomers the latex is coagulated and the resulting rub- 
ber crumb is filtered, washed, dried, and baled. Usu- 
ally before coagulation of the latex an antioxidant dis- 
persion is added to protect the rubber from oxidative 
degradation during drying and storage. 

A portion of the cold rubber produced is carbon mas- 
terbatched. This means that a water slurry of dis- 
persed carbon black is mixed with the rubber latex 
prior to coagulation. Thus the final product contains 
the carbon black already 
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production plants utilize ammonia or “‘Freon’’ refrigera- 
tion with either gas or electrically driven compressors. 
Refrigeration power requirements for a 30,000 ton per 
year plant producing 41°F. rubber are about 1500 h. p. 


PHYSICAL PROPERTIES OF COLD RUBBER 


It is difficult to describe a rubber vulcanizate accu- 
rately in terms of physical properties that can be meas- 
ured in the laboratory. Many ingenious tests have 
been devised in efforts to correlate laboratory and end- 
product evaluations. Nevertheless, it still must be 
said that the only entirely satisfactory evaluation of a 
new rubber compound is to process it in factory equip- 
ment, fabricate end products and evaluate the end prod- 
uct under service conditions. Obviously, this laborious 
procedure cannot be followed for every new rubber 
synthesized and we must rely upon laboratory tests to 
accomplish at least a preliminary screening. This sec- 
tion describes certain laboratory test results that 
pointed the way to the cold rubber development. 
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plant located in Phillips, 
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Figure 3. Flow Diagrarn—Cold Rubber Pilot Plant 
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Of the nearly one million long tons of new rubber 
used annually in the United States about 68 per cent is 
required for tires. It is small wonder then that techni- 
cal men developing and evaluating new rubber types 
should think primarily in terms of utility in tires. 
Basically a tire consists of a rubber tread and a rubber 
and fabric carcass or body. The requirements for 
tread compounds are quite different from those for car- 
cass compounds. The tread must be tough and resist- 
ant to abrasion and must be highly resistant to crack- 
ing, chipping, and cutting under severe service condi- 
tions. Furthermore, and this is important, a tread 
compound must process satisfactorily in factory equip- 
ment prior to vulcanization and must extrude through a 
tread die to form a smooth faithful reproduction of the 
die without incipient vulcanization or “scorch”’ occurr- 
ing during the process. It is desirable for a tread com- 
pound to have “building tack” so that it adheres firmly 
to the carcass during tire construction and vulcaniza- 
tion. However, a deficiency in tack usually can be 
overcome by cementing the tread to the carcass. 

Perhaps the two most important requirements for 
carcass rubber are low hysteresis and good building 
tack. Unless the hysteresis of the carcass is low a tire 
may become excessively hot in service, and failure re- 
sults either from oxidative degradation of the rubber or 
from failure of the fabric. Heat build-up is a more 
serious problem in large truck and bus tire construction 
than in passenger tire construction. 

Building tack is important in carcass compounds in 


order to insure proper adhesion between plies during tire 
building and curing. Cementing of plies has been used 
to a limited extent as a substitute for tack but this prac- 
tice is not entirely satisfactory. Chemical “tackifiers”’ 


have also proved of limited utility. In addition to low 
hysteresis and good tack, a carcass compound should 
possess good resistance to flex fatigue and to hot tear, 
should form a good bond with the various tire fabrics, 
and should coat the fabric smoothly and uniformly in 
the calendering operation. 

Both the tread and carcass stocks should possess good 
aging characteristics, 7. ¢., resistance to oxidative deg- 
radation, and both should maintain a good balance of 
properties at elevated temperatures. 

In evaluating a new elastomer it is customary to com- 
pound it first in a-tread stock with about 45 to 55 parts 
of reinforcing carbon black. Tensile strengths at room 
temperature, at an elevated temperature, and after an 
accelerated aging are determined. The resilience, 
which is a measure of hysteresis, is determined along 
with heat build-up and flex life. A common instrument 
for measuring heat build-up is the Goodrich flexometer 
which measures the temperature attained by a pellet of 
vulcanized rubber under conditions of rapid flexing. 
Heat build-up is related to hysteresis but is also influ- 
enced by thermal conductivity. Another well-known 
test instrument is the deMattia flexometer for measur- 
ing rate of crack growth in a flat slab of vulcanizate 
under conditions of rapid flexing. Usually the flex life 
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is expressed as number of flexures in thousands which 
causes a pierced hole in the slab to grow to a crack of 
1/2 inch length. 

Since all of the vulcanizate’s properties are affected 
by the “‘state of cure’’ of the rubber an effort is made to 
adjust the sulfur and accelerator levels in the compound 
so that comparable states of cure are attained. Author- 
ities differ as to the determination of state of cure. 
Some are inclined to regard combined sulfur as the best 
criterion. Others emphasize modulus and _ tensile 
properties; still others are inclined to stress hysteresis 
properties. Compression set has been found to be a 
useful indication of state of cure. This is the perma- 
nent deformation attained by a pellet maintained under 
compression—usually at an elevated temperature. At 
high states of cure where the molecules are highly cross- 
linked the permanent deformation after release of the 
compression is minimized. Thus a low compression 
set indicates a high state of cure. The attainment of 
an optimum state of cure for a new rubber is largely a 
matter of trial and error. Accelerator levels and types 
are varied until an optimum balance of all properties is 
obtained. In comparing the inherent value of two 
different rubbers it is essential that each compound be 
vulcanized to its optimum balance of properties. This 
usually means a variation in accelerator and often 
means Variations in other compounding ingredients such 
as sulfur and softener. This “unscientific” comparison 
does not appeal to research “purists” but rubber com- 
pounders find it essential in arriving at correct answers. 

Two additional laboratory tests might be noted. 
Various devices have been developed to measure abra- 
sion resistance. The Goodyear angle abrader measures 
the abrasive loss of a small rubber disc or “tire’’ which 
runs at constant load and angle upon a horizontally 
mounted, revolving grindstone. The du Pont abrader 
measures the power required to abrade a standard pel- 
let a specified amount with a standard abrasive surface. 
In general, correlations between laboratory abrasion 
tests and tire tread wear are poor although under cer- 
tain specific conditions laboratory abrasion is a useful 
tool. 

The final test or group of tests of considerable impor- 
tance is that relating to processing characteristics. The 
plasticity of the compounded stock may be measured 
by means of a Mooney rotating disc viscometer, a Wil- 
liams parallel plate viscometer, a Firestone plastom- 
eter, or numerous other devices. The more plastic 
the compound the more readily it can be handled in fac- 
tory equipment providing the plasticity is not great 
enough to cause sticking to equipment or “bagging’’ of 
stock on the mills. Usually a low compounded vis- 
cosity suggests low processing temperatures with less 
danger of scorching. The extrusion characteristics of 
stocks can be measured by means of a small laboratory 
tuber. A Royle tuber equipped with a Garvey die has 
become conventional laboratory equipment. Process- 
ing characteristics are indicated by rate of extrusion, 
dimensional comparison of the cross section of the tubed 
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specimen with that of the die, and by appearance of the 
specimen, 7. é., smoothness of surface, sharpness of con- 
tour, freedom from tears, etc. 

With this background of tire rubber requirements we 
may turn to an examination of the physical properties 
of cold rubber in comparison with GR-S and natural 
rubber. 


TREAD COMPOUNDS 


Tire tread compounds usually contain about 50 parts 
of reinforcing carbon black per 100 parts of rubber. 
Other important ingredients are sulfur, accelerator, 
zine oxide, stearic acid, plasticizer, and antioxidant. 
When compared with natural rubber and hot rubber in 
tread compounds, cold rubber is superior to hot rubber 
in every important category except, perhaps, processing 
characteristics. Whereas regular GR-S exhibits ten- 
sile strengths of about 3000 p. s. i., cold rubber tensiles 
usually exceed 4000 p. s. i. which is equal or somewhat 
superior to the tensiles of natural rubber. Cold rubber 
is greatly superior to ordinary GR-S in tensile properties 
at elevated temperatures. Temperatures attained by 
tire treads in service may approach or exceed 200°F. 
At 200°F. the tensile strength of GR-S is only a little 
over 1000 p. s. i. whereas cold rubber tensiles at 200°F. 
are approximately 2000 p. s.i. Natural rubber tensiles 
at 200°F. usually fall between 2600 and 3000 p. s. i. 

Both cold rubber and hot rubber are superior to 
natural rubber in resistance to oxidative degradation at 
elevated temperatures. The importance of this ad- 
vantage is very great since tire rubber as already noted 


must stand elevated temperatures for long periods of 


time. The heat build-up of cold rubber is superior to 
that of hot rubber but inferior to that of natural rubber. 
Its resistance to crack growth is superior to that of hot 
rubber but again inferior to that of natural rubber. 
However, after the rubber has aged for some time, both 
cold and hot rubber are superior in resistance to crack 
growth to natural rubber. Most authorities believe 
that under actual service conditions in tire treads cold 
rubber is better than natural rubber in cracking resist- 
ance. This again emphasized the better aging charac- 
teristics of synthetic rubber. 

The outstanding quality of cold rubber is its great 


resistance to abrasion. Hot rubber is usually con- 
sidered to be slightly below natural rubber in abrasion 
resistance although the difference is small and may 
actually favor GR-S in summer testing. Cold rubber 
is decidedly superior to both. In summer testing 
where the wear is most severe cold rubber treads usually 
outwear natural rubber treads by more than 30 per cent. 

Cold rubber is “tougher” than either hot rubber or 
natural rubber and for that reason requires more power 
in milling. Also, its compounded plasticity is some- 
what less than those of GR-S and natural rubber, and 
for that reason somewhat higher processing tempera- 
tures are encountered in factory operations. This 
quality of cold rubber caused difficulty at first, but 
processing difficulties have been largely overcome with 
increasing experience with the new product. Cold rub- 
ber extruded items are exceptionally smooth and free 
of defects and this advantage offsets to some degree the 
greater difficulty in milling. 


CARCASS COMPOUNDS 


Since low heat build-up rather than abrasion resist- 
ance is the most important requirement for body 
stocks, carcass compounds are less highly reinforced 
with carbon black than are tread compounds. (Heat 
build-up is proportional to carbon black content.) Car- 
cass compounds may contain 25 to 30 parts of black per 
100 parts of rubber. The balance of the ingredients in 
a carcass compound are similar to those in a tread com- 
pound although a more powerful accelerator is usually 
used to produce a vulcanizate of lower heat build-up. 
Cold rubber is again decidedly superior to ordinary 
GR-S in carcass compounds but both are decidedly in- 
ferior to natural rubber in tack, heat build-up, and resist- 
ance to cracking. Special types of cold rubber made 
at 14°F. and 0°F., approach natural rubber more closely 
but these products have not been fully evaluated in 
tires. In carcass compounds as in tread compounds the 
syntheti¢s are superior to natural rubber in resistance 
to oxidative degradation. 

The final chapter on the use of synthetic rubber in 
tire carcasses has not yet been written and it is in this 
field that we may expect important developments in the 
years to come. ‘ 


’ 





THE CHEMICAL NATURE OF THIOPHENE AND 
ITS DERIVATIVES 


INTRODUCTION 


Although Victor Meyer specifically chose the generic 
name thiophene to designate the similarity in chemical 
and physical nature of thiophene and benzene, it is 
considered today to have been an unwise choice be- 
cause of the multiplicity of the chemical nature of thio- 
phene. The recent theory of ‘super-aromaticity” 
attributed to the five-membered heterocyclics, coupled 
with the traditional chemical comparison of benzene and 
thiophene, has definitely hindered thiophene research. 
If one could apply inorganic chemical terms to the 
thiophenes, they might best be classed as “amphoteric” 
in that they possess definite properties of one major 
class (the aromatics), yet they show properties which 
are attributable to their ability to function as another 
class of compounds (the olefins). Organic chemists, 
who in the future will be the greatest contributors to 
thiophene chemistry, will proceed on the theory that 
the chemistries of thiophene and benzene are to be 
compared only as a zoologist would compare the tor- 
toise and the boa constrictor; basically they are of the 
same class but of widely separated species. 


FACTORS AFFECTING SUBSTITUTION IN THE THIO- 
PHENE NUCLEUS 

It must be recognized that whereas all positions in the 
unsubstituted benzene nucleus are equivalent, the re- 
placement of the —-CH=-CH—moiety by the hetero- 
atom, sulfur, introduces a factor into the thiophene 
nucleus that goes far toward controlling subsequent 
substitution. Thus substituents on the thiophene 
nucleus produce orientations only in competition with 
or in conjunction with the strong directive influences 
already present. 

Prior to 1933, it was believed that electron-withdraw- 
ing groups (e.g, —COOH, —NO,, etc.) which direct en- 
tering groups toward the meta-position in benzene, also 
always direct to this position in the thiophene series. 
Rinkes (1) disproved this theory with an excellent orien- 
tation study and showed that the heterosulfur still was 
a more powerful directing agent than typical electron- 
withdrawing groups. Again it was not until the alky- 
lation study of Appleby, e¢ al. (2), that invariability of 
typical nucleophilic substitution of the 2-position of 
thiophene was seriously questioned. Since alkylation 
is an anomalous reaction which yields higher propor- 
tions of 3-substutition than is expected, it will be dis- 
cussed in some detail below. 
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Table 1 consists of a collection of miscellaneous data 
obtained from private work and the literature, that in- 
dicate that thiophene is substituted primarily at the 
2-position. It will be noted that alkylation and nitra- 
tion are the only two reactions studied that have given 
significant amounts of 3-substituted products. 

The only real anomaly in the substitution of thio- 
phene is the alkylation reaction. The isolation of 
nearly equimolar amounts of 2- and 3-alkylthiophenes 
is difficult to explain on the basis of typical nucleophilic 
substitution. Furthermore, if one considers the poly- 
merization of thiophene with an acidic catalyst, such as 
orthophosphorie acid, in which a 2,4-di-(2-thienyl)thio- 
lane is produced from thiophene (12), it becomes evident 
that the usual substitution of a resonating aromatic 
ring isnot involved. This polymerization of thiophene, 
which in one sense is an alkylation of thiophene with 
thiophene, involves the addition of a proton to the thio- 
phene at the 2-position in the following manner (12). 
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Thus, the resonance type (II) adds thiophene at the 
3-position and subsequently in the 5-position to produce 
2,4-di-(2-thienyl)thiolane. 


Aft H+ KAS 


Ot Moff er L 
igor oa 


2,4-di-(2-thienyl)thiolane 
The resonance form (III) adds thiophene at the 2- 


500 





SEP 


posi 
(IV 
reac 
A 
add 
to 

( lef 
an : 
typ 
on 

acti 
wit 
ma: 
wit 
bor 


SEPTEMBER, 1950 


position and subsequently in the 4-position to give (V). 
(IV) is an inactive hybrid that would not enter the 
reaction. 

Alkylation is considered in this manner to be the 
addition of either of the resonance forms (II) or (III) 
to an olefin with subsequent rearrangement of the 
olefinic moiety and expulsion of a proton (12). Thus 
an alkylation product that appears to be the result of a 
typical nucleophilic reaction is arrived at and explained 
on the basis of a copolymerization-rearrangement re- 
action which produces both the 2- and 3-substitution 
with almost equal ease. Alkylation at the 2-position 
may also occur by addition of the proton to the olefin 
with subsequent attack of the thiophene by this car- 
bonium ion. 


DIRECTIVE INFLUENCES OF TYPICAL ORTHO-PARA- 
DIRECTING GROUPS 


Only for the chlorination of 2-chlorothiophene has the 
ratio of isomeric products been determined (7). At 
50°, this reaction gives 99 per cent of 2,5-dichlorothio- 
phene and 1 per cent of 2,3-dichlorothiophene. The 
combined tendencies of the chlorine atom and the 
nuclear sulfur atom to direct the second chlorine atom to 
the 5-position naturally predominate, but the residual 
tendency of the chlorine atom to orient ortho (in this 
case, the 3-position) has not been entirely overcome. 
Hartough and Kosak (13) did not note isomer formation 
in the acylation of 2-methylthiophene. No isomer 
formation was noted in the metalation of 2-methylthio- 
phene with sodium (14). However, the presence of 
1 per cent or less of 3-isomers would not have been 
detected by the methods employed. It appears, there- 
fore, that a typical ortho-para directing group in the 
2-position which would direct entering groups to the 
3- or 5-positions, coupled with the directive tendency 
of the sulfur to direct to the 5-position, gives a directing 
factor of at least 100 to 1 in favor of the 5-position over 
the 3-position. 

When the directing group is in the 3-position, a sys- 
tem somewhat different from any hitherto discussed in 
this work is encountered. Let us consider one of the 
resonance forms of 3-methylthiophene (VI). 


Ca 


b Pow 


(V1) 


In this case, where the electron pair of the sulfur has 
shifted toward the 5-carbon to form the polar structure 
(VI) the reactivity of the 2-position is further increased 
by the inductive effect of the methyl group which 
forces an electron pair toward the ring. Thus, an 
entering group requiring electrons would find them more 
available at the 2-carbon than at any other place on the 
ring. This reasoning accounts for the greater reactiv- 
ity of 2- and 3-methylthiophenes as compared to 
thiophene itself. Although there is a higher electron 
density at the 2-position in 3-methylthiophene than at 





TABLE 1 


Isomer Formation in Monosubstitution Reactions 





—— Entering group —— 
2-position 3-position 


100% None detected* 
100% None detected* 
100% None detected* 
99.7% 0.3% 
Major Trace 
Nitration® 5% 3% 
Alkylation 60% 40% 
* Amounts of less than 1 per cent would not have been detected 
by the methods used. 
> By V. Meyer’s method described in Reference 9. 


Type reaction 





Acylation 
Aminomethylation 
Transmetalation 
Chlorination 
Sulfonation 





the 5-position, nevertheless there is a tendency for an 
electron pair to be displaced toward this latter position. 
This fact is born out by certain chemical reactions (see 
Table 2). 





TABLE 2 


Isomer Formation During Monosubstitution Reactions 
in the 3-Methylthiophene Nucleus 





—— Entering group ——- ~ 
Type reaction 2-Position 5-Position 
Acylation 
Aminomethylation 
Halogenation 
Metalation 


Nitration Trace 





From Table 2 it is indicated that substitution in the 
2-position of 3-methylthiophene is heavily favored over 
substitution in the 5-position. The only really anom- 
alous substitution in this series is the metalation of 
3-methylthiophene with sodium wherein the sodium 
enters the molecule at the 5-position (14). This is not 
easy to interpret but may be in line with the anomalous 
addition of sodium to other heterocyclics and to such 
materials as benzotrifluoride. Since 3-methyl-5-thien- 
ylsodium undergoes typical Grignard reactions, this 
substitution is very fortunate from the synthetic chem- 
ist’s viewpoint. 

DIRECTIVE INFLUENCES OF TYPICAL META- 
DIRECTING GROUPS 

When thiophene is substituted by an electron-with- 
drawing substituent in the 2-position, i.e., —NOs, 
—COOH, —COR, —S0O;H, or —SO,.Cl, there is a 
tendency to overcome the directive influence of the 
sulfur atom of the nucleus and a mixture of products 
results. The product obtained in the major proportion 
is still the 5-substituted thiophene; 4-substitution 
(meta) occurs to a minor extent. Only in a few cases 
have the actual percentages been determined but the 
ratio of 5-substitution to 4-substitution probably is of 
the order of about 10 to 1. 

There are two exceptions to these conclusions. 2- 
Thiophenesulfony] chloride appears to give a 3:8 ratio 
of 5- to 4-substitution and 2-acylthiophenes give only 
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2,5-diacylthiophenes (though in low yield). Table 3 
summarizes literature data on this subject. 

Thiophene compounds having a typical meta-directing 
group in the 3-position become substituted in the 5- 
position exclusively. There appears to be no exception 
in the literature to this statement. This is, of course, 
to be anticipated since the 5-position, being meta to the 
3-position, is also activated by the sulfur and the two 
effects are additive. 

Thiophene derivatives containing two electron-with- 
drawing groups (7. e., meta-directing groups) are not 
known to undergo further ring substitution. The two 
groups can be situated in no such position as to allow a 
third group to enter in other than an ortho position. 





TABLE 3 
Directive Influence of Typical Meta-Directing Groups on 
the Thiophene Nucleus 





Meta- 
directing 
group in Entering 
2-position oup 5-Position (meta) 
—NO, 90-95% 10-5% 

—NO, Major Not determined 
—COOH Major ‘Trace 

—COOH Major Not determined 
Major Minor 
_ 0 

emoves acyl group 

97.5% o 

Major 
27% 
Minor 
Minor 


—— Position entered —— 
4-Position . 
Reference 


Minor 
73% 
Major 


—S0.Cl Major 





Preparation of thiophene derivatives containing three 
meta directing groups can be accomplished by replace- 
ment reactions such as the following; the order of re- 
placement is indicated numerically (24). 


I—\—NnucocH, _N20 
I + stepwise 


replacement 


1. NO.— 6 peeaee 


3. ~ NO.— NO, — 2 


It is interesting to note that the order of fission, 7. e., 
the order of replacement of the carbon-iodine for the 
three positions is 5, 3, and finally 4, a fact also deducible 
from observations of Steinkopf and Hanske (25) by a 
different method. 

I Mg, CH;I H:O 
3, ——> 
je two steps 


A _oy, Mg, CH:l 0 
I two steps 
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In terms of ease of hydrogen replacement in a thio- 
phene nucleus substituted with typical electron-donat- 
ing groups (ortho-para groups), it can be stated that the 
order of replacement is 5, 3, and finally 4. This order 
has been substantiated by halogenation of 2-chlorothio- 
phene (7) and by bromination of 2-acetamidothiophene 
(26). ; 
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There is only one case in which two meta-directing 
groups enter the thiophene nucleus ortho to each other. 
2,5-Dichloro- and 2,5-dibromothiophene react rapidly 
with nitric acid to give high yields of 2,5-dihalo-3,4-di- 
nitrothiophenes almost to the exclusion of the mono- 
nitro products (27). 2,3-Dihalothiophenes yield only 
a mononitro (5-substituted) product. 2,5-Dichloro 
thiophene undergoes normal nucleophilic reactions with 
considerable difficulty and in some cases one of the 
chlorines is replaced by the entering group (/3). It 
undergoes chlorination very readily but the chlorine 
adds to the double bonds with the formation of 2,2,3,- 
4,5,5-hexachlorothiolane (28). In this respect, this 
compound acts more like an olefin than thiophene 
itself, whence only low yields of the chlorine addition 
product, 2,3,4,5-tetrachlorothiolane, are obtained under 
comparable conditions. 


SUMMARY 


Thiophene undergoes typical nucleophilic reactions 
and becomes substituted in the 2-position predomi- 
nantly. When anelectron-donating group is introduced 
into the 3-position, primary substitution takes place 
in the 2-position. A typical electron-withdrawing 
group at the 2-position gives a mixture of 4- and 5- 
substituted thiophenes with the 5-isomer predominat- 
ing. An electron-withdrawing group in the 3-position 
of thiophene causes the nucleus to be substituted in the 
5-position exclusively. 

In most reactions thiophene undergoes typical nucleo- 
philic reactions characteristic of aromatic hydrocarbons, 
although usually with much greater ease, but it does 
undergo reactions, e. g., alkylation, which can be more 
closely compared to those of an olefin. 
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RUBBER STAMPS OF AROMATIC RING SYSTEMS 


Wrarrren notes and papers on organic chemistry can 
be prepared more easily if rubber stamps are available 
for the aromatic ring systems discussed. These are 
prohibitively expensive if made to order and are rela- 
tively difficult to carve from rubber stoppers as sug- 
gested by Fieser.' 


Quite complicated ring systems can easily be cut from 
one-ply laminated gasket rubber, which consists of two 
layers of rubber approximately 1 mm. thick vulcanized 
over a center layer of cloth. The latter prevents dis- 
tortion during cutting and permits easy removal of 


material inside the ring outline. The pattern can be 
transferred to the rubber by marking the intersections 
of lines with pinholes, or with water-soluble white ink. 
The rings are cut using two safety razor blades held 
in a jig consisting of three layers of sheet metal between 
which the blades are bolted. The center layer has a 
thickness equal to the width of the lines in the com- 
pleted stamp. The edges of the blades should project 
far enough to cut through the top layer of rubber only, 
leaving the cloth center untouched. For small rings, 
it may be convenient to break away part of the edge. 
Cuts can be made through the intersections of the lines; 
they will not show in the stamped impression. 

After the ring pattern is cut, the rubber around the 
lines can be peeled away from the cloth center layer, 
leaving only the ring pattern. This process can be 
started by bending the rubber around a finger and work- 
ing under the slightly projecting corners with a knife. 

The finished patterns are mounted with rubber 
cement on rubber stoppers, and the excess rubber finally 
cut away close to the edge of the stamp to facilitate 
lining it up in use. Stamps up to ten centimeters 





1 Freser, L. F., ‘Experiments in Organic Chemistry,” 2nd ed., 
D. C. Heath and Co., Boston, 1941, p. 297. 
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square containing both rings and block letters have 
been made by this method. The illustration shows a 
completed stamp of the porphyrin ring system and the 
impression made from it. 


Rubber Stamp and Print 





A PHYSICAL PICTURE OF COVALENT 
BONDING AND RESONANCE IN ORGANIC 
CHEMISTRY 


Tue concept of resonance as applied to organic 
molecules frequently has been misunderstood and mis- 
used in the past, and it probably is safe to say that 
many organic chemists still do not have a clear picture 
of the phenomenon. The difficulty appears to be that 
the organic chemist has been indoctrinated with the 
ideas of the electron-pair bond and the octet rule, and 
that Heisenberg’s concept of resonance as applied by 
Pauling to the field of chemistry! was in terms of 
valence-bond structures with which the organic chemist 
already was familiar. Although the use of conventional 
ideas of structure in discussing the concept of resonance 
is convenient, it cannot do otherwise than give the 
average chemist the impression of an oscillation between 
structures,? even though a variety of mechanical,’ 
biological, and mathematical‘ analogies have been 
proposed to assist him in understanding the phenom- 
enon. Moreover the valence-bond treatment does 
not provide the nonmathematical mind with a physical 
picture of the source of bond energy or of resonance 
energy, and provides no concept of the nature of mul- 
tiple bonds, which always are involved in those aspects 
of resonance most important to the organic chemist. 

Simultaneously with the development of the valence- 
bond method of treating the electronic structure of 
molecules, the molecular orbital approach was being 
developed by Hund, Mulliken,> and others. The 
mathematics of this method is no more understandable 
to the average organic chemist than that of the valence- 
bond concept, and since there was no explanation of the 
results in terms of the formulas with which he was famil- 
iar, the molecular orbital treatment remained unknown 
tohim. Recently, however, a group of younger English 
chemists, and particularly C. A. Coulson, have inter- 
preted the molecular orbital treatment in terms that 
appeal to many organic chemists. Although Coulson 
has written several excellent review articles on the 


subject,® the writer believes that wider acquaintance ° 
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of American teachers of organic chemistry with the 
molecular orbital approach is desirable. 


ATOMIC ORBITALS 


Before we begin to consider the covalent bond, it will 
be desirable to summarize the orbital treatment of 
atomic structure, even though this material now is 
being presented in first-year courses in general chemis- 
try. Orbital is a term used in the wave-mechanical 
treatment of the atom and is defined as the wave func- 
tion associated with the orbital motion of the elec- 
tron.” It may be considered as the region in space 
where the probability of finding the electron is greatest. 
The groups of orbitals are known as shells, and within 
a shell there are subshells. The K shell consists of a 
single orbital, the 1s orbital. The Z shell consists of 
four orbitals: a subshell known as the 2s orbital, and a 
subshell of three orbitals known as the 2p,, 2p,, and 
2p, orbitals. The numerals 1, 2, 3, 4, 5, 6, and 7, called 
the principal quantum numbers, designate the shell or 
principal energy levels of the electrons just as do the 
letters K, L, M, N, O, P, and Q. They indicate more, 
however, in that the number of subshells in a shell is 
equal to the principal quantum number, and the total 
number of orbitals in a shell is equal to the square of the 
principal quantum number. Thus the M shell with the 
principal quantum number 3 contains three subshells 
and nine orbitals: one 3s, three 3p, and five 3d orbitals. 
The N shell contains four sub-shells and sixteen orbi- 
tals; one 4s, three 4p, five 4d, and seven 4f orbitals. 

Because of the attraction of the positive nuclear 
charge, electrons occupy an orbital as close to the 
nucleus as possible. Thus there is a greater tendency 
to occupy a 1s orbital than a 2s orbital, and a 2s orbital 
than a 2p orbital. However, no more than two elec- 
trons can occupy a given orbital, and even this condition 
is possible only if the electrons have opposite spin, that 
is, if they are affected in opposite ways by a magnetic 
field. If more than one electron is available for a given 
set of p orbitals which are equidistant from the nucleus, 
the electrons do not pair but occupy separate orbitals 
until each of the three p orbitals has at least one elec- 
tron. Thus the pairing of electrons does not contribute 
to the stability of the atom but merely is permissive if 
the electrons have opposite spins. This behavior may 
be summarized by two important rules for the distribu- 


7 Ref. 1, p. 24. 
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tion of electrons in orbitals: (1) no orbital can contain 
more than two electrons and these electrons must have 
opposite spin (Pauli exclusion principle); (2) two elec- 
trons cannot occupy a given orbital in a subshell until 
all of the orbitals of the subshell have at least one elec- 
tron (Hund rule). 

The distribution of the electrons for the elements in 
the first three periods of the periodic table is given in 
Table 1. In accordance with the Hund rule the carbon 
atom has two unpaired electrons in two p orbitals, and 
nitrogen has three unpaired electrons in three p orbitals. 
Pairing of electrons in the p orbitals does not begin 
until oxygen, which has one pair in one p orbital and 
an unpaired electron in each of the two remaining p 
orbitals. The number of unpaired electrons decreases 
to one for fluorine and none for neon. The elements 
of the third period have no electrons in the 3d orbitals 
although these orbitals,are available for bonding pur- 
poses and may be used in complex ion formation, or 
electrons may be promoted into them in excited states. 
There are no 1p orbitals and no 1d or 2d orbitals corre- 
sponding to the 2p and 3p or the 3d orbitals. 





TABLE 1 


Distribution of Electrons for the Ground State of Elements 
of the First Three Periods of the Periodic Table 


Second period 
CN O 





First period 
Orbitals H He li Be B 


ls eo 2): «2. 
2s eae 
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2py 
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Shell 








Third period 
Mg Al Si 


Orbitals Na 


ls 2 
2s 2 
2pz, y. 2 6 
3s 2 
3pz. y, « 1 








MOLECULAR ORBITALS AND COVALENT BONDS 


The covalent or electron-pair bond at first seems to 
be definitely anomalous. Electrons can only repel each 
other and the pairing of electrons cannot account for 
the liberation of energy when .a covalent bond is 
formed. Yet the hydrogen molecule is more stable 
than two hydrogen atoms by 103 kcal. per mol. The 
explanation appears to be that the two positive nuclei 
of the hydrogen atoms can: act as a combined nucleus 
having a charge of +2. An electron encompassing both 
nuclei will be held more strongly than if it encompassed 
a nucleus with a charge of +1. Hence the electron 
occupies a new orbital encompassing both nuclei, and 
energy is liberated. Since orbitals of this type are 
responsible for the formation of molecules, they are 
called molecular orbitals. Like the atomic orbitals, they 
obey the Pauli exclusion principle in that a second elec- 
tron can occupy the same molecular orbital provided 
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the two electrons have opposite spins, but a third 
electron must occupy an orbital of higher energy. 


DIRECTION OF BOND ORBITALS 


Atomic orbitals represent regions in space where an 
electron is most likely to be. These regions are of high 
probability when an electron occupies a molecular or- 
bital. Therefore the more nearly the individual atomic 
orbitals of the nuclei can coincide or overlap with each 
other, the greater the tendency for an electron to oc- 
cupy a molecular orbital and the stronger the bond.® 

The atomic orbitals have a definite distribution in 
space. The s orbitals are spherically symmetrical about 
the nucleus as illustrated in perspective in Figure la, 
and in cross section through the nucleus in Figure 1b. 








(b) 
. Representation of the Atomic ls Orbital 


(a) in perspective and (b) in cross section through the nucleus. 


In these figures no attempt is made to indicate the 
radial distribution of the electron within the orbital 
but only the space in which it may be expected to be 
found most of the time. Since an s orbital can overlap 
another orbital just as much in one direction as another, 
the tendency to bond is equal in all directions. 

When two hydrogen atoms bond to form the hydrogen 
molecule their s orbitals overlap, and the pair of elec- 
trons encompasses both nuclei as indicated in Figure 2. 





(a) 


Representation of the ¢ Type Molecular Orbital of the 
Hydrogen Molecule 


Figure 2. 


(a) in perspective and (b) in cross section through the nuclei. 


This orbital which describes the time-average position 
of the bonding pair of electrons is the new molecular 
orbital. Since it is symmetrical about the line joining 
the two nuclei, it resembles an s orbital and is called a 


* Ref. 1, p. 76. 








o (signia) type orbital. The bond formed by the over- 
. lapping of two s orbitals is called an s-s bond. 

For elements in the second period, the 1s orbital 
shrinks approximately to the size of the 1s orbital of 
hydrogen divided by the atomic number. Thus the 1s 
orbital of oxygen is about one-eighth the size of that of 
hydrogen. The 1s orbital is surrounded by the 2s 
orbital which also is spherically symmetrical about the 
nucleus and bonds equally well in any direction. 

The electrons of the 2p orbitals are most likely to be 
found in regions resembling a dumbbell as illustrated 
in Figure 3. These orbitals possess a nodal plane, that 


Figure 3. Perspective Representation of the pr, P,, and p; Atomic 
Orbitals 


is a plane in which the probability of finding the elec- 
tron is zero. The three dumbbells representing the 
three 2p orbitals are oriented perpendicularly to each 
other in the z, y, and z directions. Hence elements 
using p orbitals, such as oxygen and nitrogen, tend to 
form bonds making angles of 90° with each other. 
The bonding of two hydrogen atoms with an oxygen 
atom to form a water molecule is shown in cross sections 
in Figure 4. The third p orbital of oxygen containing 


(a) Atomic orbitals of oxygen and hydrogen before bonding, and (b) over- 
lapping of atomic orbitals to give two o type molecular orbitals in the water 
molecule. 


a pair of electrons and extending above and below the 
plane of the paper is indicated by the inner circle about 
the nucleus of the oxygen atom. Thus when oxygen 
is linked to two other atoms, two of its six valence 
electrons are in o type molecular orbitals, two are in 
the 2s atomic orbital, and two are in a 2p atomic orbital. 
Although the p orbitals make angles of 90° with each 
other in the oxygen atom, the hydrogen-oxygen bonds 
in the water molecule actually make an angle of 105° 
with each other as shown by spectroscopic data. 
Similarly the nitrogen-hydrogen bonds in ammonia 
make angles of 107° with each other. Apparently in 
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both cases the electrostatic repulsion of the hydrogen 
nuclei for each other causes a spreading of the bonds. 
Moreover there is some sp* hybridization (see below) 
which helps to widen the bond angle. 


HYBRIDIZATION OF BOND ORBITALS 


From the distribution of electrons in atoms in Table 1 
beryllium appears to be inert, since both electrons are 
paired in the 2s orbital, and that boron would be 
monovalent and carbon divalent, since they contain 
only one and two unpaired electrons, respectively, in 
their 2p orbitals. There is a tendency, however, for 
the atoms to make use of their orbitals as fully as pos- 
sible, and for the purposes of bond formation, the 
2s orbital and one 2p orbital can be combined to give 
two sp hybrid orbitals (Figure 5) each of which contains 


Y 








(a) 
Figure 5 


Cross section of (a) a single sp hybrid atomic orbital, and (6) two ep hybrid 
orbitals. 


one electron and is capable of overlapping with another 
atomic orbital to form a o-type molecular orbital and 
give rise to a strong covalent bond. Hybridization of 
two atomic orbitals is called digonal hybridization. The 
bonds which a digonal hybrid forms make an angle of 
180° with each other. Thus molecules such as mercu- 
ric chloride, HgCh, are linear in the gas phase. 

The 2s orbital and two 2p oribtals can undergo trig- 
onal hybridization for the purposes of bond formation 
to give three new orbitals designated as sp? orbitals. 
The superscript indicates that two p orbitals are in- 
volved. These three hybrid orbitals make angles of 
120° with each other and lie in a plane (Figure 6). They 
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(a) 
Figure 6 
Cross section of (a) a single sp? hybrid atomic orbital, and (b) three sp* 


hybrid orbitals. 


account for the formation of molecules such as trimeth- 
ylboron, B(CHs)s. 








Figure 7 


(a) Cross section of single sp* hybrid atomic orbital, and (b) perspective of 
four sp* hybrid orbitals. 


Finally the 2s orbital can hybridize with three p orbi- 
tals to give four sp* hybrid orbitals which are tetrahe- 
drally distributed, making angles of 109°28’ with each 
other (Figure 7). It is these orbitals that are used by 
carbon when it is united to four other atoms. 


DOUBLE AND TRIPLE BONDS 


The maximum energy is liberated when a carbon 
atom bonds with four other atoms or groups by using 
the sp* hybrid orbitals, but it also can combine with 
three other atoms in compounds such as ethylene, 
formaldehyde, or the imines, or with two other atoms in 


compounds such as acetylene, or the alkyl cyanides. 
These compounds are formed by using sp? or sp hybrid 
orbitals. 

Thus in ethylene each carbon atom uses three sp? 
orbitals. Overlapping of one orbital from each carbon 
atom forms a single. sp?-sp? bond between the carbon 


atoms. The remaining four orbitals overlap with the s 
orbitals of four hydrogen atoms to form four s-sp? 
bonds. All of these bonds result from the formation of 
o-type molecular orbitals and make angles of 120° with 
each other. These molecular orbitals accommodate 
three of the valence electrons.of each carbon atom leav- 
ing one electron in a p atomic orbital on each carbon 
atom. This orbital is perpendicular to the plane of the 
carbon-hydrogen bonds. Figure 8a represents a cross 
section through this plane and Figure 8b represents a 
cross section through the carbon atoms and perpendicu- 





Figure 8. Cross Section of Ethylene Molecule before 7 Bond Formation 


(a) Through the carbon and hydrogen atoms, and (b) through the carbon 
atoms and perpendicular to the plane of the hydrogen atoms. 
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lar to this plane. The molecule represented by Figure 
8 would acquire added stability if the two electrons 
which are occupying monocentric p-orbitals (electrons 
encompassing a single nucleus) could occupy a dicentric 
molecular orbital (encompass two nuclei). The forma- 
tion of a molecular orbital could result if the p-orbitals 
overlapped sufficiently. Since the p orbitals are per- 
pendicular to the planes of the CH: groups, these orbi- 
tals can overlap best when the planes of the two CH, 
groups are coincident. In this position the two p orbi- 
tals coalesce to form a molecular orbital which resem- 
bles two fat sausages above and below the plane of the 
molecule and can accommodate the two electrons. Fig- 
ure 9a is the same cross section as Figure 8b, but after 
formation of the molecular orbital. Figure 9b is a per- 
spective representation, and Figure 9c is a convenient 





(a) (b) 
(c) 


Figure 9. The Ethylene Molecule after Bond Formation 


(a) Cross section through the carbon atoms and perpendicular to the plane 
of the hydrogen atoms; (b) perspective repr tation of the x bond; (c) 
schematic representation of the x bond. 





schematic representation in which the figure eights indi- 
cate the p orbitals and the light lines joining them indi- 
cate the overlapping to form the molecular orbital. 
Since the presence of a nodal plane makes this molecular 
orbital resemble a p atomic orbital, the type of bond 
that it represents is called a x(pi) bond, and the electrons 
forming the bond are call x electrons. 

Because the overlapping of the two p orbitals is 
poorer than the overlapping of the sp? hybrid orbitals, 
the r-type molecular orbital is not as stable as a o-type 
molecular orbital. The energy associated with a car- 
bon-carbon ¢ bond is about 80 kcal. per mol whereas 
that associated with a carbon-carbon x bond is about 60 
kcal. per mol. Since the electrons are not bound as 
firmly to the two carbon nuclei as those forming the o- 
type bond and, as will be discussed under resonance, 
can encompass more than two nuclei, they frequently 
are called mobile electrons, whereas the ¢ electrons are 
said to be localized. The lower stability of the x bond 
(higher energy content of the electrons) accounts for the 
greater reactivity of the + bond, that is the tendency 
to form the more stable ¢ bonds with other atoms. 
Hence the = electrons also are called unsaturation elec- 
trons. 

The x bond accounts nicely for the lack of free rota- 
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tion about a carbon-carbon double bond, since the + 
bond is most stable when there is a maximum overlap- 
ping of the p orbitals, and maximum overlapping occurs 
when the axes perpendicular to the nodal plane are par- 
allel. Another observable effect of the x bond is the de- 
crease in the distance between the carbon atoms. The 
interatomic distance of a carbon-carbon single bond is 
1.54 A. while that of a carbon-carbon double bond is 
1.34 A.; that is the nuclei are bound together more 
strongly when encompassed by an additional pair of 
electrons. 

The carbon-oxygen and carbon-nitrogen double 
bonds are strictly analogous to ‘the carbon-carbon 
double bond. In formaldehyde the carbon atom uses 
three sp? orbitals to form o-type bonds with the two 
hydrogen atoms and the oxygen atom. One electron 
is left in the remaining p orbital of carbon and one of the 
p-orbitals of oxygen contains a single electron. The 
two p-orbitals overlap to form a 7 molecular orbital 
which accommodates the two electrons (Figure 10a). 
The carbon-nitrogen double bond is similarly consti- 
tuted (Figure 10b). 


R —R 
R- 


H~ 
H— 


(a) (b) 


Figure 10 


Schematic representation of (a) the carbon-oxygen double bond in for- 
maldehyde, and (b) the carbon-nitrogen double bond in a Schiff base. 


The description of the triple bond follows the same 
reasoning as that for the double bond. In acetylene 
each carbon atom is joined to only two other atoms. 
Hence sp hybridization takes place on bonding, and the 
bond directions are in a straight line. The primary 
carbon-carbon bond results from sp-sp overlapping of 
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(d) 


Figure 11 


The acetylene molecule: (a) cross section through one x molecular orbital; 
(b) perspective repr tation of the x bonds; (c) schematic representation 
of the x bonds. (d) Schematic representation of the carbon-nitrogen triple 
bond in allyl cyanides. 
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orbitals, and the carbon-hydrogen bonds result from 
sp-s overlapping, giving rise to a linear molecule. Each 
carbon atom still has two p orbitals perpendicular to 
each other and containing one electron each. Over- 
lapping of the four p orbitals gives two x molecular or- 
bitals, the nodal planes of which intersect at 90°. Fig- 
ure 11a illustrates a cross section through the ¢ orbitals 
and one of the z orbitals. The second z orbital lies in 
front and in back of the plane of the cross section. Fig- 
ure 11b gives a perspective view of the orbitals and Fig- 
ure llc is the schematic representation of the overlap- 
ping of p orbitals. Figure 11d is a schematic represen- 
tation of the triple bond in alkyl cyanides. 


RESONANCE 


Tn the carboxylate ion, the primary bonds between 
the carbon atom and the three groups to which it is 
attached are formed by the presence of two electrons in 
each of three o-type orbitals. Because of the sp? hy- 
bridization of the atomic orbitals of the carbon atom, 
the molecular orbitals make angles of approximately 
120° with each other and lie in a plane. These bonds, 
which are indicated by the usual dash, utilize three of 
the four valence electrons of the carbon atom. Each 
oxygen atom contributes one of its six valence electrons 
to these bonds. Two more of the valence electrons of 
each oxygen atom are in a 2s orbital and two are in a p 
orbital, leaving one unassigned electron for each oxygen 
atom. Since one electron is acquired in the ionization 
of the proton, a total of four electrons has not been 
assigned. Three p orbitals remain, one at each of the 
oxygen atoms and one at the carbon atom. Their axes 
can become parallel to each other and perpendicular 
to the plane of the o orbitals. If the p orbital of car- 
bon overlaps with that of one of the oxygen atoms 
to form a molecular w orbital, the latter could hold 
two electrons. The remaining pair could occupy 
the empty p orbital of the second oxygen atom. This 
type of overlapping is indicated in Figure 12 by (a) 
or by the conventional valence-bond structure (b). 
Alternatively the p orbital of carbon could overlap 
with that of the other oxygen atom as indicated by 
(c) or (d). Either structure (a) or structure (c) would 
be more stable than that with an unpaired electron oc- 
cupying each of two p orbitals, because in either case 
both electrons can encompass two positive nuclei. 
However, since the p orbital of carbon can overlap the p 
orbital of either oxygen atom equally well, a molecular 
orbital can be formed encompassing all three nuclei 
as indicated in (e) in which a pair of electrons would 
have a still lower energy than in either (a) or (c). 
Since two such tricentric molecular orbitals are possible, 
one having a single nodal plane (f) and the other having 
two nodal planes perpendicular to each other (g), two 
pairs of electrons can be accommodated. Although the 
orbital (g) with two nodal planes has a somewhat higher 
energy than that with a single nodal plane (f), the total 
energy of the two electrons in (g) and two in (f) is less 
than the total energy of two electrons in a dicentric orbi- 
tal and two electrons in a p orbital as in (a) or (c). 





im DQ we 


_— 


——— Se OES eS: CO OT S)~— 


6: 
R- R-Co 
6° 


(a) (b) 
WDWY 


4 G3 
(f) (g) 


(e) 
Figure 12. Resonance in the Carboxylate Ion 


This ability to form molecular orbitals involving more 
than two positive nuclei is the phenomenon to which the 
term resonance, in its chemical application, usually re- 
fers. With this picture in mind it now is easier to 
visualize what is meant by the statement that the car- 
boxylate ion is a ‘“‘resonance hybrid” of the valence- 
bond structures (b) and (d), and by the usual symbol 
for resonance 


O O- 
Vi 
oe Bo 
® 
O- 0 
It is clear from the above discussion that these valence- 
bond structures do not exist in the ground state of the 
molecule and that there is no oscillation between the 
two structures. The hybrid concept merely is a con- 
venient alternate symbolism for indicating resonance. 

The difference in energy between the tricentric and 
dicentric states is the so-called resonance energy of the 
molecule. The source of resonance energy is the same 
as that of any other type of bonding energy. Thus the 
energy of a single bond or of a double bond arises from 
the ability of an electron to encompass two positive 
nuclei in a molecule instead of one in an atom. Reso- 
nance energy is merely the additional stabilization re- 
sulting from the ability of an electron to encompass 
three or more nuclei instead of two. 

The resonance energy of the undissociated carboxyl 
group is much less than that of the carboxylate ion, al- 
though the opportunity for overlapping of p orbitals 
might appear to be identical (Figure 13). Actually, 
however, in the undissociated carboxyl group (6), the 
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Figure 13. p Orbitals Available for t Bond Formation 


(a) in the carboxylate ion, and (b) in the undissociated carboxy] group. 


p orbital of the hydroxyl oxygen overlaps that of the 
carbon atom much less than does the p orbital of the 
other oxygen atom, because bond formation with the 
additional positive nucleus causes a deficiency of elec- 
trons about the hydroxyl oxygen. In other words, 
because the hydroxyl oxygen has one less unshared pair 
of electrons, it is less able than the other oxygen atom 
to contribute electrons to a x orbital. Hence there is a 
greater tendency to form a dicentric orbital, that is an 
ordinary double bond, than to form a tricentric orbital. 

Conjugation of double bonds is nothing more than 
the formation of polycentric molecular orbitals. Thus 
in 1,3-butadiene use of sp? hybrid bonding orbitals 
leaves one p orbital containing one electron on each 
carbon atom. Overlapping of the p orbitals (Figure 
14a) permits the formation of two molecular orbitals 
each encompassing all four carbon nuclei. The 7 orbi- 
tal of lowest energy has a single nodal plane (Figure 
14b) while the second has two nodal planes (Figure 
14c) and has a slightly higher energy. However the 


Figure 14. 1,3-Butadiene 





tation of overlapping of p orbitals; (b) and (c) r 
dating the two pairs of xr electrons. 


(a) Sch tic repr 
lecular orbitals 





total energy of the electrons in these polycentric orbi- 
tals is less than the total energy would be if they were 
located in the dicentric orbitals of two isolated double 
bonds. If an additional single bond separates the two 
double bonds as in 1,4-pentadiene, the p orbitals on the 
2 and 4 carbon atoms cannot overlap and no conjuga- 
tion results. 

The classical example of resonance is benzene. Each 
carbon atom is bonded to three other atoms. Hence 
sp* hybridization of the atomic orbitals of the carbon 
atoms takes place on bonding and three o-type molecu- 
lar orbitals are formed making angles of 120° to each 
other and causing the four atoms to lie in a plane. 
Therefore all of the atoms of benzene lie in a plane and 

H C 


pe Cae 
all C and C bond angles are 120°. These o-type bonds 
| 
C C 
are indicated -by the usual dash. One p orbital 
containing an unpaired electron remains at each carbon 








Figure 15. Resonance in Benzene 


atom as illustrated in Figure 15a. If the p orbitals 
overlapped as three pairs as indicated in Figure 15b, 
one of the Kekulé structures with three double bonds 
would be obtained, whereas if they overlapped as in 
Figure 15c, the other Kekulé structure would be ob- 
tained. However since any p orbital overlaps both p 


JOURNAL OF CHEMICAL EDUCATION 


orbitals on either side of it equally well, all six orbitals 
overlap each other giving a cricular x orbital resembling 
two doughnuts above and below the plane of the carbon 
atoms (Figure 15d). These structures are shown 
schematically by drawing light lines connecting p orbi- 
tals to indicate overlapping. The heavier lines indi- 
cate the o-type bonds between the atoms. The move- 
ment of the x electrons about six positive nuclei instead 
of-only two accounts for the greater stability of this 
system and the large resonance energy of the aromatic 
ring. As explained for the carboxylate ion, the molec- 
ular 7 orbital indicated can accommodate only two 
electrons. Therefore two additional x orbitals must be 
available to accommodate the remaining four electrons. 
These two 7 orbitals also encompass all six nuclei, but 
each has a nodal plane perpendicular to the plane of the 
ring in addition to that coinciding with the plane of the 
ring. 

Simple extension of the principles outlined here per- 
mits a visualization of the interaction of nuclear elec- 
trons with those of halogen, oxygen, or nitrogen atoms 
attached to the nucleus, or with unsaturated groups 
conjugated with the nucleus. The molecular orbital 
approach also permits a readily understandable picture 
of the processes taking place when visible or ultraviolet 
light is absorbed by an organic molecule.®* 





® BowEn, E. J., “Chemical Aspects of Light,’’ Oxford Uni- 
versity Press, London, 1946. 





PERIODICITY’ 


Dvnine the academic career of a student in chemis- 
try there comes a time, sooner or later, when it is neces- 
sary for him to become thoroughly familiar with the 
Periodic Table of the elements. This crisis was experi- 
enced just recently by the writer. The time-honored 
but not too stimulating method of merely “getting- 
down-to-it”’ did not have much appeal, and the thought 
occurred that it might be possible to make a game out of 
it and transform the somewhat dull periods of memori- 
zation into something more palatable. The following 
is an account of the game that was devised and later 
modified in the light of the experience of several sessions 
which were not only productive academically, but ex- 
tremely congenial socially. 

The game can be made more difficult by excluding a 





1 Presented before the Chemical Education Division of the 
Chemical Institute of Canada, Toronto, Ontario, June 21, 1950. 
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Periodic Table from the room, but this also results in a 
considerable diminution in the speed at which the game 
is played. In view of the primary purpose of the game, 
it is more convenient to have one present; strong- 
minded players can always refrain from looking at it. 

The only materials required are a deck of cards, 96 in 
number; cards having dimensions 21/2 by 4 in. (made 
by trimming ordinary 3 by 5 in. filing cards) have been 
found to be most convenient. Each card has in the 
center the symbol of an element; at the upper-left- 
hand corner is the atomic number, and directly beneath 
it the symbol for the element is repeated, in reduced 
size. The choice of color for the lettering is quite 
arbitrary, but the possibility of the players saving suits 
by color alone should be avoided. The sole use of 
black will accomplish this, but if brightness is desired, 
then lettering two or more groups in the same color will 
achieve this result also. 
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While the following rules are designed for three or 
more players, the cards can be easily adapted to a form 
of solitaire. 


RULES OF PLAY 


Object and Method ef Play. The object of the play is 
to build up the following suits: 


(a) Major groups— O Theinert gases, He-Rn 
IA Li, Na, K, Rb, Cs, and Fa 
IIA Be, Mg, Ca, Sr, Ba, and Ra 
IIIA 
IVB 
VB 
VIB 
VIIB 


(b) Minor groups— IB 
IIB 

IIIB 

IVA 

VA 

VIA 

VIIA 

Vill 


(c) The Lanthanide 
series— 

(d) The Actinide 
series— 


The game is a variation of seven-card rummy. The 
players are dealt seven cards each and the remainder are 
placed face down in the center of the table, the top card 
of the pack turned over and placed beside it by the 
dealer. 

Each player in turn has the choice of drawing from 
either the concealed pack or from the exposed cards. 
Suits may be laid down or kept concealed in the hand, 
at the discretion of the player (with the exception noted 
below), but no suit may be laid down which consists of 
less than three cards. A discard must be made on each 
turn, except when the player is able to “go out,” in 
which case no discard is necessary. Draws from either 
of the packs are subject to the following conditions: 


1. Concealed pack. Only one card may be drawn at one time. 
2. Exposed pack. 


(a) The last card to be laid down may be taken up by 
the next player without any necessity for his 
laying down of any cards. 

(b) As many cards as are desired may be drawn from 

those exposed, but in this case the earliest card 
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picked up must be included in the cards laid 
down, which must consist of at least three cards, 
or an addition to a partial group already laid 
down by any one of the players. 

Players may add to exposed suits during their turns, 
the value of the card laid down being added to the score 
of the player making the addition. 

Hydrogen, the Joker. Hydrogen may be used as a 
Joker, and can take the place of any element necessary 
to complete a group, either partial or complete. How- 
ever, if any player holds the card represented by hydro- 
gen, he has the privilege of replacing it with the card 
and taking hydrogen into his own hand. 

Incorrect Laying-down of Cards. If a player lays 
down an incorrect partial or complete group, then the 
suit can be claimed by the player who holds the correct 
element required to rectify the error. If the error can- 
not be corrected, then the player laying down the suit 
must take it up again but without penalty. Ifa player 
claims a nonexistent error, then he is penalized as set 
forth under Scoring. 

Claiming of a Card. If a card is discarded which can 
be added to any of the exposed groups on the table, and 
is recognized by a player as such before the next draw 
is made, then the player recognizing the omission may 
claim the card. 

Scoring. 

(a) Exposed suits, etc. 

For complete groups (major) 


For partial major groups 
For the actinide group(complete). . . 
(partial) 
For the lanthanide group (complete) 60 points 
(partial).. 10 points 
5 points for 
every card 
over six in 
number 
For cards added to exposed suit..... 2 points for each 
For hydrogen, as such 
(b) Concealed suits 
That is, suits not exposed until player goes out. 
Double the value of the exposed suit. 
(c) Penalties 
1. A penalty of 2 points is exaéted for each card (with 
the exception of hydrogen) left in the hands of 
the players when the game is finished by one 
player going out. The penalty for holding the 
hydrogen card is 10 points. 
2. For claiming a nonexistent error—10 points. 








SELECTING CHEMISTS’ 


Tue scientific study of selection methods is approxi- 
mately 30 years old in the United States. In these 30 
years, most of the studies have pertained to clerical, 
mechanical, and sales occupations. Only recently has 
interest been shown in the selection of professional em- 
ployees. The most extensive work in the development 
of scientific selection methods for professional employ- 
ees has been in the accounting field. 

The following report on the study of selection methods 
for chemists is based upon work done by the United 
States Civil Service Commission upon the recommen- 
dation of the President’s Scientific Research Board in 
October, 1947. Approximately 150 chemists employed 
in the National Bureau of Standards and in the Eastern 
and Western Regional Research Laboratories of the 
Department of Agriculture were the subjects in this 
study. These chemists were in the first four grades of 
professional work in chemistry. The salaries of these 
grades are approximately $3000 to $6000 a year. 

A study of this nature usually involves three basic 
steps. The first step requires the identification of the 
occupational groups to be studied. In the present 
study it was decided to study positions in the first four 
grades, and chemists of all types, performing duties 
ranging from basic research to routine laboratory work. 

The next step involves a determination, usually based 
on job analyses, of the types of selection methods that 
should be included in the study. It was decided in the 
present instance to study primarily the value of various 
types of written tests for chemists. Mental ability, 
achievement, and spatial visualization tests, other 
types of written tests, and a biographical information 
blank were included. 

A third important step in studies of this kind is to 
determine the criterion to be used. In the case of this 
study three types of criteria were used. The first type 
involved a rating of job performance by the colleagues 
and superiors of the chemists included in this study, 
with the second type consisting of ratings on originality. 
The third criterion used was the salary level of the em- 
ployee. In other words, an assumption was made that 
those at higher salary levels, as a group, are superior 
to those at lower salary levels, despite individual excep- 
tions. It may be assumed that the individual excep- 





1 This study was carried on by the Civil Service Commission 
as part of its regular program for the improvement of selection 
methods. Part of the work that was done on this project was 
performed by persons employed by the American Council on 
Education in its contract with the Scientific Personnel Division 
of the Office of Naval Research. Neither organization assumes 
any responsibility for the contents of this report. 


MILTON M. MANDELL 
ge States Civil Service Commission, Washington, 


tion results in an underestimate of the value of the se- 
lection methods rather than an overestimate, although 
the effect of this element may vary with some tests. 
Finally, by statistical means, the relationships between 
selection methods and criteria are correlated in order 
to determine which selection methods are most useful. 

This study furnished consistent evidence that a basic 
subject-matter test in the broad field of chemistry 
furnishes relatively accurate information in regard to 
the job performance of chemists. These data are 
consistent among the three laboratories. The test 
consisted of approximately 70 items and was prepared 
by experts in the field of chemistry. As a result of this 
study, this test is being given substantial weight in the 
actual examinations being conducted by the United 
States Civil Service Commission for chemists. 

One example of the effectiveness of this test is pro- 
vided by the data from the Eastern Regional Research 
Laboratory. Using salary as the criterion, approxi- 
mately 80 per cent of those receiving high scores on the 
test were in the upper salary levels, while approximately 
75 per cent of those receiving low grades on this test 
were in the lower salary level. This is contrary to the 
usual assumption that the higher the salary level of the 
chemist the more specialized his knowledge; with this 
assumption, the conclusion is reached that a test in the 
broad field of chemistry would be unfair. At least in 
the case of the present study, the data would indicate 
that those at the higher salary levels know more about 
the general field of chemistry than those at the lower 
salary levels. The data from the Western Regional Re- 
search Laboratory and the Bureau of Standards are 
consistent with the data from the Eastern Laboratory. 

In addition to correlating the test results with over- 
all ratings of job performance and salary levels, correla- 
tions were computed between test scores and the degree 
of originality of the subjects. For 75 cases, 17 of whom 
were chemists in the Bureau of Standards and 58 of 
whom were in the Eastern Laboratory, the Pearson 
product moment correlations for the subject-matter 
test were the same, +0.46. 

Of the total group of chemists at the Eastern Re- 
gional Research Laboratory included in this study, 45 
were engaged in basic research work. For this sample, 
the subject-matter test furnished a correlation of 
+0.61, using total job performance as the criterion. 
All of the above data indicate a relatively high consist- 
ency of value for this test for all three laboratories 
based on three criteria: originality, salary level, and 
job performance in research work. 
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A test on ability to evaluate scientific hypotheses also 
furnished significant results. This test was originally 
developed by Professor Max Engelhart of the Chicago 
City Junior Colleges. The Pearson product moment 
correlations between scores on the test and salary level 
for 65 chemists at the Eastern Laboratory, 53 chemists 
at the Western Laboratory, and 38 chemists at the 
Bureau of Standards were +0.39, +0.44, and +0.41, 
respectively. Statistical tests of these data indicate 
that they are significant. In addition, the hypothesis 
test also correlated significantly with ratings on orig- 
inality. For 31 cases at the Bureau of Standards the 
correlation with originality was +0.49, which is sta- 
tistically significant. 

A test in the field of spatial visualization which is 
called surface development, and which involves the 
ability to visualize a two-dimensional object which is 
transferred to a three-dimensional object, correlated 
with job performance but not with salary level, as 
might be expected from the nature of the test. For 
example, for 34 cases at the Western Laboratory, two- 
thirds of those receiving high test scores were in the 
upper half on job performance while approximately 75 
per cent of those receiving low test scores were in the 
lower half of job performance. Using job performance 
as the criterion, for 30 chemists at the Bureau of Stand- 
ards, 30 chemists at the Eastern Laboratory, and 33 
chemists at the Western Laboratory, the correlations 
for this test are +0.27, +-0.36, +0.33, respectively. 
While these correlations are relatively lower than for 
the other tests, the surface development test would 
still be helpful in an examination because it measures 
abilities different from those measured by the subject- 
matter and hypothesis tests; in other words, its inter- 
correlation with these tests is approximately zero based 
on a study of 56 chemists in the Eastern. Regional 
Laboratory. 

A test of ability to translate a narrative statement 
into its mathematical equivalent, the formulation test, 
did not furnish significant correlations with job per- 
formance or salary level but does seem to furnish sig- 
nificant information in differentiating between research 
and nonresearch chemists. For 26 chemists, 20 en- 
gaged in research work and six not engaged in research 
work, the difference in mean scores of the two groups 
was significantly higher in favor of the research chem- 
ists. 

The biographical information blank furnished much 
information regarding chemists. Following is a sum- 
mary of the most interesting items. 

1. Of the 58 chemists in the study who had not done 
any graduate work, 28 were rated high in job perform- 
ance and 30 were rated low. Of the 34 Ph.D’s in the 
study, 20 were rated high in job performance and 14 
were rated low. 

2. In answering the question, “Which one of the 
following characteristics of a job is most important to 
you?” a majority took the choice “working with 
competent people on a group solution of a problem.” 

3. A large proportion of the chemists in this study 
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had decided on their careers before the age of 18 with a 
substantial number deciding before the age of 16. 

4. Of the 13 chemists who stated that the subject 
they did best in high school was either English or Social 
Science, only 2 of the 13 were rated high in job per- 
formance. 

5. In answer to the question, ‘Which one of the 
following things do you think you would most dislike 
about being a supervisor?” 19 of the chemists took the 
choice, ‘Don’t like handling of personnel problems.”’ 
Of these 19, 16 were rated high in job performance. 
Of the 14 chemists who took the choice in this question, 
“Too much responsibility,” only 2 of the 14 were rated 
high in job performance. The most popular answer to 
this question was “Don’t like the paper work involved.”’ 
Fifty-seven chemists took this choice. 

6. Fifty chemists in the group had graduated in the 
top ten per cent of their college class. Of these 50 
chemists 27 were rated high in job performance and 23 
were rated low in job performance. Of the 26 chemists 
who were in the second quarter of their college graduat- 
ing classes, 12 were high in job performance. 

7. Of the 43 chemists who had graduated from 
high school at the age of 16, 31 were high in job per- 
formance. Of the 33 chemists who had graduated from 
high school at the age of 18 or later, only 11 were rated 
high in job performance. 

8. In answer to the question, “Which one of the 
jobs below would be most interesting to you?” most of 
the chemists took the choice, ““Working on a long range 
project even though significant results cannot be ex- 
pected in a short period.” 

9. In answer to the question, “Which one of the 
jobs below would you find least interesting?” the favored 
answer was “Acting as administrative assistant to the 
head of a laboratory.” 

10. Of the 34 chemists who were members of scien- 
tific honorary fraternities 22 were rated high in job per- 
formance. Of the 31 chemists who were graduated with 
honors, 14 were rated high in job performance. 

11. Of the 35 chemists who had no papers published 
in a scientific journal, 17 were rated high in job per- 
formance. Of the 50 chemists who have had four or 
more papers published, 28 were rated high in job per- 
formance. 


CONCLUSION 


It is obvious that the above three studies are tenta- 
tive in nature. Further research work will establish 
whether the tests reported above actually have validity 
beyond these three laboratories and will also help in 
providing information on the value of other types of 
selection methods. It is encouraging that tests of the 
simple type described above can furnish these relatively 
consistent and significant data. The United States 
Civil Service Commission intends to follow up the re- 
sults obtained with this year’s examination in order 
to obtain additional data on their value. In ad- 
dition, other selection methods will be experimented 
with to form a basis for continued progress in this field. 








REMARKS ON THE HISTORY OF LABORATORY 


BURNERS' 


As 1s well known, the Bunsen burner is one of the in- 
dispensable tools not only of the; chemist and other re- 
lated scientists but also in daily life, industry, etc. 
Accordingly, the course of development, which made the 
introduction of this burner possible, will be of interest 
to many of its countless users. In lay circles, the 
name Bunsen is most often associated with the inven- 
tion of this burner, and even some professional workers 
believe that the credit belongs exclusively to him. 
They are ignorant of the fact that others preceded Bun- 
sen in producing a hot, nonluminous flame by mixing 
air with illuminating gas. 

It has been established that Faraday (1791-1867) 
described a gas burner in 1828 in which the gas flame 
was rendered nonluminous by adding considerable air. 
This burner? consisted of the gas inlet tube on which 
the jacket of a short conical outer piece could be pushed. 
The upper diameter of the latter was only a little greater 
than that of the burner tube. It carried an outer ring 
provided with three arms, on which the conical outer 
piece was supported. If the illuminating gas issuing 
from the top of the burner was lighted, and the conical 
jacket pushed a little above the flame by raising the 
ring, the luminous flame continued to come out of the 
cone at first. However, if the jacket was raised still 
more, the generous supply of air produced a nonlumi- 
nous flame with a blue inner cone. It is readily apparent 





1 Presented before the Division of History of Chemistry at the 
116th meeting of the American Chemical Society, Atlantic City, 
New Jersey, September, 1949. 

? Biurz, H., Z. angew. Chem., 41, 112 (1928). 


MORITZ KOHN 
New York City 
(Translated by Ralph E. Oesper) 


Figure 2 


that this Faraday Burner is nothing else than a close 
relative of the Bunsen burner. However, it did not 
find wide acceptance; the time was not yet ripe for it. 
Here again is an instructive example of the lag that 
often occurs between the birth of an invention and its 
actual practical utilization. 

A. W. Hofmann (1818-92) made use of the wire 
screen which Davy (1778-1829) had made the crucial 
feature of his safety lamp (1816). The Hofmann labo- 
ratory burner* (Figure 1) consisted of a hollow metal 
cylinder with the gas inlet set into its base. The upper 
part of the cylinder was pierced with many fine openings 
through which the gas could stream out. The cylinder 
was surrounded by a ring, bearing several radial arms 
on which was placed a cylindrical sleeve, whose upper 
end was covered with a wire gauze. Consequently, the 
gas issuing through the fine openings was mixed with 
large proportions of air, and this mixture burned with a 
blue flame above the gauze without striking back. The 
analogy to the Davy safety lamp is obvious. Hof- 
mann, who served (1845-65) as Professor at the Royal 
College of Chemistry, used this burner in his London 
laboratory. 

A paper by Baumhauer‘ (1854) makes it plain that 
gas burners embodying a wire gauze, but of different 
design than the Hofmann burner, were used in various 
laboratories. 

R. W. Elsner, a Berlin illuminating engineer, took out 
a number of patents (1848-56) in which he described 

* “Fehling’s Handworterbuch der Chemie,” (Verlag von F. Vie- 


weg, Braunschweig, 1886, IV Band, p. 11. 
4 Ann., 90, 21 (1854). 
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the use for heating purposes of illuminating gas burned 
with large proportions of admixed air. 

The November, 1856, issue of Dingler’s Polytech- 
nisches Journal’ contains an article about a new gas 
burner. ‘for the automatic mixing of gases containing 
hydrocarbons with atmospheric air, and their complete 
combustion and useful application in the household and 
industry where heat is required.” It is apparent, that 
the first sketch of Elsner’s burner (Figure 2A) is a simple 
Bunsen burner, while the second sketch (Figure 2B) isa 
Bunsen burner provided with a handle and attached to 
a stand in which the vessels to be heated can be sup- 
ported. The next two sketches (Figures 2C and 2D) 
show heating arrangements consisting of three and six 
burners, respectively. 

A new laboratory was built at Heidelberg in 1854, and 
Professor Robert Bunsen (1811-99) asked Peter Desaga, 
the university instrument maker to construct a burner 
which would deliver a nonluminous absolutely sootless 
flame. He was to employ the principle outlined by 
Bunsen, but which had been known and used prior to 
Bunsen. Furthermore, the burner was not to embody 


Figure 3 


a gauze flame filter. By Easter 1855, the new Heidel- 
berg laboratory was equipped with fifty burners of the 
specified type. In May, 1855, Desaga announced that 
he had simplified the design, and that this latter con- 
struction was the same as the one for which Elsner se- 
cured a patent. By the end of 1855 a large number 
of these burners were sold. Consequently, many have 
justly credited Desaga with a. part of the invention of 
the burner. 

Bunsen never made even the slightest effort to annex 
the discoveries of others. Rather, he was a man of 
whom one of his contemporaries—Heinrich Caro, a 
competent judge—wrote:* ‘We see him, unselfish and 


5 Dinglers Polytech. J., 142, 210 (1856). 
5 Ber., 51, 21 (Sonderheft) (1918); 45, 1981 ff. (1912). 





noble, disdainful of material profit and public acclaim, 
tirelessly dispensing rich benefits to his own and future 
generations.” ... “Through the introduction of the 
Bunsen lamp, the Bunsen burner, the labors of the 
chemists, formerly dependent on the charcoal fire, alco- 
hol lamp, and bellows, have been transformed to the 
elegant laboratory technique of today, and the non- 
luminous gas flame promotes further progress in the 
modern general use of heating gas and the Auer light.” 

Bunsen did not devote a separate paper to his burner, 
he embodied its description in the reports on his photo- 
chemical researches carried out with Roscoe. He 


wrote: “In these studies we used a burner’ (Figure 3) 
which one of us devised and introduced in the local 
laboratory in place of the wire-gauze burner, and which 
is better suited than any other contrivance for produc- 





7 Poggendorfs Ann. Chem. Physik., 100, 84 (1857). 








Figure 6 


ing uniform flames of various intensities, color and 
form.” 

Alfred Terquem (1851-87), professor of physics at 
Strasburg, Marseilles, and Lille, described (1880) a 
modification of the Bunsen burner (Figure 4).* In this 


the burner tube is fastened to two rods so that it may be 
raised or lowered and then held in a selected position by 
asetscrew. The illuminating gas issues from a narrow 
jet, and all the air enters from the bottom and not from 
the side, thus accomplishing a thorough mixing. The 
upper opening of the burner tube is divided into four 





® Compt. rend., 91, 1484 (1880). Chem. Zentr., 12, 108 (1881). 
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quadrants by two plates placed perpendicular to each 
other. Consequently four flames come out of the tube 
and because of the strong rush of air, the four inner 
blue-green cones are drawn back into the burner tube 
and flattened. The heat of this flame is so intense that 
all parts of it will melt a 1.5-mm. copper wire into a 
bead. 

In 1892 Nikolaus Teclu (1839-1916) constructed a 
burner® (Figure 5) at the Vienna Handelsakademie. 
The lower end of the burner tube is open and widened to 
a funnel shape. The tube which feeds in the gas is 
fitted with a conical screw valve. Above this is a thin 
movable plate with a knurled edge by which the burner 
tube can be opened or closed, 7. e., the air supply can be 
increased or shut off completely. When the plate is 
screwed away from the burner tube, the abundant sup- 
ply of air produces a roaring blue heating flame. This 
burner is designated by its inventor as a universal burner 
since, depending on the purpose in mind, the top of the 
tube can be fitted with various heads to produce flames 
of different shapes. In-the Meker burner” (Figure 6) 
(1905), the flame is divided still more than in the Terquem 
burner. The end of the burner tube consists of a nickel 
grid, about one centimeter thick. This set of narrow 
channels, somewhat like a honeycomb, effectively pre- 
vents the flame from striking back even when the pro- 
portion of air in the mixture is quite high. Conse- 
quently, the burner delivers a very hot flame. 





9 J. prakt. Chem., 45, 281 (1892). 
© Bull. Soc. Chim., Paris [3] 33, 210 (1905). 





A METHOD OF DISSOLVING STANNIC OXIDE 


ANALYTICAL chemists, without exception, and most 
students of qualitative analysis, sooner or later, are 
faced with the problem of the solution of stannic oxide, 
either as a starting material, or as an artifact of nitric 
acid treatment. 

This problem was encountered in Monmouth College 
where the freshman class was working out unknowns 
using mostly dry-way analysis and blow-pipe technique. 
Stannic oxide is so light that the blow-pipe blew most of 
it off the charcoal. Moistening with water helped to 
keep the oxide in place, but even then no reduction was 
observed as indicated by the formation of a metallic 
bead. Nor was a reduction reaction obtained when 
stannic oxide and powdered charcoal were heated to red- 
ness in a pyrex test tube. The findings of Doeltz and 


( 1 Dogutz, F. O., anp C. A. GRAUMANN, Chem. Abstracts, 1, 2679 
1907). 





S. PORTER MILLER 
Monmouth College, Monmouth, Illinois 


Graumann! that stannic oxide could be reduced by car- 
bon beginning at about 800°, could not be duplicated. 

Therefore it was thought advisable to try a stronger 
reducing agent. Metallic zinc was selected for this 
purpose. When mixed in approximately equal vol- 
umes, and heated to redness in a 3-in. pyrex test tube, 
zinc and stannic oxide react with a bright reddish glow 
which spreads through the mixture. 

The dark residue is pyrophoric when hot, and should 
be allowed to cool before further treatment is attempted. 
Dilute hydrochloric acid reacts vigorously with the 
residue, but the reaction subsides before all is dissolved, 
leaving a spongy metallic wad. The acid solution con- 
tains most of the zinc as a chloride and none of the tin. 
If the wad is now treated with hot concentrated HCl 
another vigorous reaction takes place and a clear solu- 
tion is obtained which gives a strong stannous ion test. 
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APPARATUS FOR THE LABORATORY STUDY 
OF GAS ABSORPTION IN PACKED TOWERS 


Iv sprre of its tremendous industrial importance, very 
few satisfactory laboratory studies of gas absorption in 
packed towers have been developed for educational pur- 
poses (1, 2). Experiments dealing with mass transfer 
coefficients, H.T.U.’s, and equilibrium gas solubilities 
have also been neglected by college chemical engi- 
neering laboratories, particularly at the undergraduate 
level. Perhaps the main reason for this is that the 
operation of conventional absorption units usually re- 
quires a considerable amount of skill and experience in 
order to obtain meaningful data. One of the biggest 
obstacles to overcome in this respect is setting up a pro- 
cedure for obtaining the data required to calculate the 
material balances, 7.e., flow measurements and analyses 
of the inlet and outlet streams. Usually, correlation of 
the data is also complicated and tedious, particularly 
when dealing with a system in which two film resistances 
have to be taken into account. 

At the Cooper Union, we have developed an experi- 
mental gas absorption system for educational purposes 
which has overcome most of the objectionable features 
of conventional laboratory units, and has many desir- 
able features, particularly for undergraduate instruc- 
tion. First of these is the complete elimination of any 
analytical work, materia! balances being obtained from 
flow measurements of the inlet streams alone. Another 
outstanding feature of the system is the practically 
complete elimination of any gas film resistance, thereby 
simplifying the correlation of the data. Among some 
of the minor, but nevertheless very desirable features 
of the unit, are that the experiments are carried out on a 
pilot plant scale, and with a nontoxic, inexpensive sys- 
tem. Besides studying the characteristics of a gas ab- 
sorption apparatus, the data obtained can also be used 
to calculate mass transfer coefficients, H.T.U.’s, and 
gas solubility equilibria. Student interest is stimulated 
by the fact that the numerical values obtained are of 
rather good accuracy and reproducibility, enabling him 
to check his values against those reported in the litera- 
ture (3-6). 


DESCRIPTION OF APPARATUS 


The central unit of the apparatus is a tower made of 
6 ft. of standard 6-in. pipe with screwed flanges at- 
tached to the top and bottom. A top cover plate car- 
ries a */,-in. water inlet line and a perforated plate dis- 
tributor to insure uniform wetting of the packing. The 
top cover plate also carries a 1/s-in. vent line, a pressure 
tap (connected to a compound Bourdon type gage), 
and a 1/s-in. gas inlet line. A bottom cover plate car- 


HOWARD J. STRAUSS 
The Cooper Union, New York, New York 


ries a false bottom platform for supporting the pack- 
ing, and a 1-in. liquid exit line. There is no gas exit 
line. A sight glass running the entire length of the 
column enables the actual liquid level in the tower to be 
determined at any particular time. The details of the 
Cooper Union tower are shown in Figure 1. 
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Figure - Details of Absorption 


Tower ’ 


The system studied is the absorption of carbon di- 
oxide in water. As illustrated in Figure 2, the water 
supply consists of a */,-in. line with a flow-controlling 
globe valve and a suitable flow measuring device. In 
this connection, rotameters were chosen as the flow 
measuring instruments on both the water and gas lines. 
(In an earlier installation, ordinary orifice meters were 
used, but until the student became familiar with the 
apparatus, these were blown too frequently, and re- 
sulted in a considerable amount of lost time and mo- 
tion.) The rotameters suffer no ill effects if overloaded, 
and the direct correlation of the float movement with 
changes in flow or pressure settings affords a very im- 
pressive visual indication of how a change in one oper- 
ating variable brings about a series of changes in the 
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other process variables until a steady state condition 
is re-established. 

The carbon dioxide is supplied from a commercial 
cylinder (at about 900 psig). If the gas were throttled 
directly to the operating pressure, the attendant cooling 
effects would seriously interfere with the operation of 
the gas regulator through which the throttling is taking 
place. It was found that a two-stage pressure reduction 
system eliminated this difficulty. In such a system, the 
gas is sent through a pressure regulator which reduces 
its pressure to about 250 psig. A small, heavy-walled 
cylinder receives the gas at this intermediate pressure. 
A second regulator then reduces the pressure to the de- 
sired working level (0-40 psig). The heavy-walled 
cylinder is made of Schedule 80 pipe, and acts as an in- 
terheater between the two reduction stages. After the 
second regulator, the gas is sent, through a rotameter, 
to the top of the tower. As shown in the diagram, ther- 
mometers are strategically placed to measure the water 
inlet and outlet temperatures, the gas inlet tempera- 
ture, and the tower temperature. Figure 3 is a photo- 
graph of the complete installation. 


OPERATION 


In starting up, the tower is completely filled with 
water. The gas is then turned on, and the tower al- 
lowed to drain (the water being displaced by carbon di- 
oxide) until the desired liquid level is obtained. The 
water is then turned on and the drain valve adjusted 
until the water level in the tower remains constant. 
The packing below the water level is of course com- 
pletely flooded and inoperative. Thus the effective 
height of packing can be adjusted at will, from zero to a 
maximum of 5 ft. (the actual height of packing in the 
tower). The end effects (spray on top, and water sur- 
face on bottom) can be evaluated from measurements 
with the liquid level maintained at zero height of pack- 
ing. Besides enabling the student to determine end 
effects, the variable height of packing permits the cal- 
culation of the equilibrium solubility of carbon dioxide 
in water (as will be discussed subsequently). 
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Figure 2. Operating Diagram of Apparatus 
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With the apparatus set up in this way, carbon di- 
oxide enters the tower, dissolves in the water flowing 
down over the packing, and leaves only as dissolved 
gas in the exit liquid. Thus the composition of the exit 
liquid can be determined from the inlet flow measure- 
ments alone. In practice, the height of packing, liquid 
rate, and gas pressure are held constant at any desired 
value, and the system allowed to come to a steady 
state condition, at which time the carbon dioxide inlet 
flow has also assumed a steady rate. With the appara- 
tus under consideration, steady state conditions are 
usually established in 5-15 minutes after a change in 
one of the operating variables. 

As can be seen, the entire gas space is filled with 
carbon dioxide only, except for a small amount of water 
vapor which is also present. The gas film is therefore 
also made up of almost pure carbon dioxide, which of 
course means that there is virtually no gas film re- 
sistance. Another important virtue which accrues from 
the fact that the gas phase is pure carbon dioxide is that 
the gas composition (and therefore the equilibrium gas 
solubility) is constant throughout the length of the 
tower, enabling the correlation of the mass transfer co- 
efficients and H.T.U.’s to be made by direct integration 
of the material balance equation. 


CORRELATION OF THE DATA 
Considering a differential height of packed section, 


a material balance, using standard chemical engineering 
nomenclature (7) yields: 


Ldx = kraS(x* — x)dz (1) 
dx/(x* — x) = kra(S/L)dz (2) 


If the inlet water contains no carbon dioxide, and if the 
outlet water contains x mols of carbon dioxide per mol 
of water (x being calculated from the inlet flow rates), 
equation 2 can be directly integrated between the limits 
x = Oand x = x (since x* is a constant): 





In = kra (Sz/L) + ¢ (3) 


x 
a = x 
where c is the constant of integration and represents the 
end effects since it can be evaluated by running the 
tower with the packed section completely flooded 
(z = 0). In general, c has been found to be very small 
and can be neglected in undergraduate experiments, or 
when z> 0.5. Also, since no gas film resistance exists, 
kya = Kza. Thus equation 3 can be modified: 


x* 
Pe oma (4) 





L 
Kia = = In 


Or if the H.T.U. concept is to be used for the correla- 

tion, equation 3 yields: 
x* 

H; = In — per (5) 

As can be seen from equation 4, Kza can be calcu- 

lated from a single measurement of the outlet liquid con- 

centration at a given liquid rate and effective height of 

packing, using x* as given in the literature. However, 
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recent investigations (6) have shown that the litera- 
ture equilibrium values (7, 8) differ somewhat from 
those actually observed for water taken directly from 
city mains or other industrial sources. Consequently 
it may be advisable to extend the study by making’ 
runs at two or more packing heights, keeping the liquid 
rate constant. If x; and x2 are the exit liquid concen- 
trations observed.when the effective packed heights are 
z, and Ze, respectively, equation 4 yields: 


x* Ze x* 2 

(= - =) “7 (= - i (6) 
Although this equation is implicit in x*, it can be easily 
solved by trial and retrial, or by plotting (x*/x*—x,)* 
and (x*/x*—x:)* against various values of x* on the 
same set of coordinates, and noting the value of x* 
where the two curves cross. The fact that equation 4 is 
implicit in x* makes it difficult to reverse the procedure 
to determine Kza. Kza can, however, now be accu- 
rately determined from the calculated values of x*. 


REMARKS 


As previously mentioned, the absorption of carbon 
dioxide by water has been extensively studied during 
recent years. The values of Kza, H,, and x* obtained 
with this apparatus, compare favorably with those re- 
ported in the literature, an important feature in im- 
parting a sense of accomplishment to the student. 
However, the apparatus, as described, serves a limited 
range of carbon dioxide pressures, namely from 0 to 40 
psig. Below 0 psig. it is difficult to remove water from 
the tower, and above 40 psig. it is difficult to get water 
into the tower, since only normal city pressure is avail- 
able. These difficulties can of course be removed by the 
installation of a water discharge pump, and/or a water 
inlet pump. However, it is questionable if these modi- 
fications would extend the educational value of the ap- 
paratus. In operation, however, a very satisfactory 
range of liquid rates (from 100 to 2500 pounds per 
hour) can be obtained by using interchangeable steel 
and aluminum floats. It is important to note that no 
temperature control is used. The installation of a 
water heater can extend the utility of the appdratus, 
but here again such an installation would be of question- 
able educational value, particularly at the under- 
graduate level. 

Finally, the apparatus can be used to extend an in- 
novation which has been used at The Cooper Union to 
give the student practice and experience in correlating 
considerably more extensive and comprehensive data 
than can be taken during the two or three weeks ordi- 
narily allotted for the usual laboratory study. Since the 
top and bottom cover plates are easily removed, the 
packing material can be changed after each squad has 





Figure 3. General View of Apparatus 


operated the tower. Thus, during the course of a 
semester (during which about 10 squads will have used 
the apparatus), a large variety of packing materials and 
sizes will have been used. All the data are then made 
available for the students’ consideration, greatly im- 
proving their appreciation of the operation. 
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Tue formation of a glass or the ability of a molten 
substance to solidify on cooling without arranging its 
ultimate constituents into an array which consists of 
self-repeating units is primarily a rate phenomenon. 
In order to bracket a substance as “glass forming’’ the 
time element has to be taken into consideration. 
Many substances which can be obtained in the vitreous 
state in small quantities in the laboratory crystallize 
when subjected to the temperature-time schedule of 
commercial glasses. Sodium metasilicate, NaSiOs, 
is an example of a substance which can be easily ob- 
tained as a glass when a few grams are fused in a 
platinum crucible and the crucible is allowed to cool 
rapidly. If this experiment were repeated using a 
sample amounting to a few pounds, crystallization 
would be unavoidable. As a result, the quantity of a 
substance under consideration is a factor of primary 
importance because it limits the possible cooling rate. 
The number of “glass forming’? compounds becomes 
very large indeed if one goes into microscopic dimen- 
sions and uses extremely high cooling rates. G. Tam- 
mann and A. Elbrachter (1) made microscopic glass 
beads from a number of substances which in quantities 
of the order of a gram could never be obtained in 
vitreous condition. Among them were alkali nitrates 
‘and silver halides. 

For all practical purposes, however, including the 
preparation of glasses in gram quantities in the labora- 
tory, the field of suitable materials is very much smaller: 
the glassy state is rather rare. 

It seems easy to recognize a material as a glass. 
Hardness, brittleness, optical homogeneity, isotropy, 
and the lack of sharp X-ray diffraction patterns, con- 
choidal fracture, etc., are typical glass properties. 
However, it is very difficult to define a glass uniquely 
or to bracket a substance as glass forming or not glass 
forming. It is true that a glass softens gradually and 
does not have a sharp melting point; nevertheless, 
silver iodide, too, softens gradually and can be de- 
formed with ease below its melting point. On the 
other hand, albite, a crystallized sodium alumino- 
silicate, can be kept at 50°C. above its melting point 
for many days and does not lose its crystal-optical 
characteristics nor its crystalline outline. The 
“abrupt” change of properties with temperature in 
crystals as compared with the continuous change in 
glasses is not the proper basis for defining the glassy 
state. 





1 Paper presented at the High Temperature Chemistry Sym- 
posium, Detroit, Michigan, April, 1950. 


GLASS FORMATION IN NONSILICATE SYSTEMS': 


520 


W. A WEYL 


The Pennsylvania State College, State College, 
Pennsylvania 


Attempts to define a glass by its energy content must 
be considered equally unsuccessful. Most glasses are 
thermodynamically unstable, their energy content is 
higher than that of crystalline phases of the same 
chemical compositions. As a result, glasses are usually 
more soluble, have a higher vapor pressure, and are 
chemically more reactive than the corresponding 
crystals. However, this is not true for glassy P.O; 
which has a higher density than one of its crystalline 
modifications, is less soluble (in CHCl;) less reactive 
(not useful as a desiccant) and has a lower vapor pres- 
sure than the crystal. The glassy or amorphous sulfur 
is not soluble in CS., but the two crystalline modifica- 
tions are. 

Probably the most characteristic feature of a glass is 
its dependence on the previous thermal treatment. Its 
energy content and, with it, its properties are not 
uniquely defined for a given composition, pressure, and 
temperature. If a substance occurs in several modifi- 
cations and their energy contents are represented 
schematically by a boulder at the edge of a hill sepa- 
rated from the lower level by an elevation corresponding 
to the activation energy of the phase transition, a 
glass represents a boulder in a flat well where it can 
easily be moved back and forth to slightly different 
levels without much activation energy. It is imma- 
terial whether the energy well representing glass is at 
the highest level or whether a crystalline phase of the 
substance exists which has a still higher energy content. 
But even this energy relation cannot be used for deriv- 
ing a definition of glass because certain crystals—for 
example, feldspars—can be described in precisely the 
same ‘manner. In this case order-disorder phenomena 
involving the alkali ions are responsible for the varia- 
tion of the properties which result from different ther- 
mal histories. 

An attempt to describe glasses from the viewpoint 
of chemical composition also does not lead very far, 
because apparently there exists no obvious relation be- 
tween composition and glass-forming properties. 

Elements (selenium), halides (BeF2), oxides (SiOz, 
P205, BzOs), sulfides (SnS2, AseSs, SbeS3), salts of oxy- 
acids (NaPOs;), coordination complexes (NasBeF,), 
and numerous organic compounds (glycerol, sugar) 
may be obtained in vitreous condition. 


CRYSTAL CHEMICAL CONDITIONS FOR GLASS 
FORMATION 


With the development of modern crystal chemistry 
by V. M. Goldschmidt (2) it became possible to ap- 
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proach the problem of glass formation from an atomistic 
point of view. Goldschmidt pointed out that glass- 
forming oxides have a radius ratio, Reation: Ros, 
of approximately 0.3. This condition is conducive to 
tetrahedral arrangements and, indeed, most glasses 
consist of XO, groups as the elementary building units. 
W. H. Zachariasen (3) formulated the conditions of 
glass formation more precisely and he could test his 
rules by predicting the ability of CbeO; and Ta,O; to 
form glasses. Low coordination number of the cation 
(three for boron and four for most glass-forming 
oxides) is one of the main prerequisites. The XO, 
tetrahedra should share only corners but not faces or 
even edges. The O?- ions must have the coordination 
number two, not higher. The sharing of corners pro- 
duces a three-dimensional random network and it is 
essential for the stability of a glass that the energy 
content of such a random and slightly distorted struc- 
ture be not much higher than that of the crystalline 
arrangement. As far as the short range order is con- 
cerned glasses resemble crystals, but having no long 
range order they also resemble liquids in their atomic 
arrangement. 

For glasses built up from XO, units, the cation to 
anion ratio has to be at least 1:2. Al,O; cannot form 
a glass because of its C:A ratio being only 1.5. The 
Al’+ jon requires at least fourfold coordination with 
oxygen. Boric oxide has the same C:A ratio as 
Al,O3, but can form a glass because the small size of 
the B*+ ion allows threefold coordination. Whereas 
in crystals the XO, unit represents a self-repeating 
group with constant X-O distances, this is not true for 
glasses. The randomness of the glass structure causes 
the building units to be slightly distorted so that the 
internuclear distances show a certain spread. For 
this reason only those polyhedra are suitable to form a 
glass which are easily distorted. The energy require- 
ments for the distortion of an XO, tetrahedron increase 
with the force field of the central cation. The force 
field of the central cation, in turn, increases as its size 
decreases or its positive charge increases. The series 


(Sit*0,2-), (P8*02-)*-, (S**02-)*, (CP+O2-)- 


represents XO, tetrahedra where the central cation has 
the electron configuration of the neon atom. The Cl’+ 
is the smallest and the most highly charged cation 
among them and, consequently, it exerts the strongest 
positive force field. Perchlorates are not known in 
the vitreous state. The stability of silicate glasses is 
well known but also phosphates may form glasses over 
a wide range of composition. The sulfate group is not 
easily distorted because of the strong field of the S*+ 
ion. Nevertheless, if the SO, tetrahedron is brought 
into a strongly asymmetrical force field, its deformation 
becomes sufficient for glass formation. By combining 
the strongly positive field of the small proton with the 
weak force field of the large K+ ion, T. Forland and 
W. A. Weyl (4) succeeded in producing a stable potas- 
sium-hydrogen-sulfate glass. 

The ions of the helium configuration show the same 


trend. Because of their smaller size glass formation 
ceases with the B**+ for all practical purposes. Beryl- 
lium, Be?+, forms the central cation of an interesting 
group of glasses which are derived from BeF;. The 
(B*+0,2-)*- group is a constituent of borate glasses. 
Glasses having C‘+ and N5+ ions as the. central cation, 
in combination with O?- ions, can only be obtained by 
using the principle outlined above: deformation of the 
polyhedra in an asymmetrical force field resulting 
from a combination of two cations. Indeed, according 
to W. Skaliks (6), the combination of Mg*+ with K+ 
produces a vitreous carbonate and the combination 
K+ with Ca?*, according to A. G. Bergmann (6) 
produces a nitrate glass. 

Using a variety of cations having different sizes and 
charges rather than one type only causes the con- 
trapolarization to vary for the different O?- ions; a 
proper combination of cations can be used to produce a 
“distortion” of the regular tetrahedra. Glass makers 
have used this principle for ages. Especially in the 
field of low melting glasses, enamels, and glazes it has 
been found empirically that a large number of constit- 
uents generally improves the properties of the glasses. 
As mentioned before sulfates are not likely to form 
glasses. The high force field of the hexa-positive sulfur 
ion S*+ causes the O?- ions to be strongly attracted to 
and polarized by the central cation. The result is a 
highly symmetrical complex of low deformability. The 
symmetry of a sulfate group can be decreased either by 
replacing one of the four O?- ions by another anion 
such as S?- or by selecting secondary cations with 
widely different force fields. Indeed the thiosulfates 
containing the group (S*+S?-O,?-)?- form glasses 
easily and so does the potassium-hydrogen sulfate. 
The large K+ ion and the very small H+ ion produce a 
distortion of the SO, group sufficient to form a random 
structure. 


TYPES OF GLASSES 


Aluminate Glasses. In order to give a brief survey 
over some of the fields of inorganic glasses, the scheme 
in Table 1 may be used as a guide. Silica is repre- 
sented by the formula SiSiO, By replacing one Si‘t 
ion by an Al*+ ion and adding a monovalent cation for 
maintaining electroneutrality, one obtains an alumino- 
silicate glass. In glasses a substitution of this type 
must not follow any stoichiometric ratios but may be 
continued until all silicon ions are replaced. W. 
Biissem and A. Eitel (7) discovered that fusions of 
CaO with alumina exhibit a tendency to form glasses 
on cooling. In the atomic structure of these glasses 
AlO, tetrahedra take the place of the SiO, tetrahedra. 
Pure aluminate glasses are easily attacked by acids 
and are not used commercially. K. H. Sun (8) re- 
cently studied their composition fields and optical 
properties. His paper may be consulted for further 
details and for the earlier references. 

Borate Glasses. Substituting the couple NatB*t 
for a part of the Si‘t+ ions leads to a most important 
group of technical glasses, the borosilicates. Such a 








substitution is easily possible at the high temperature 
of glass melting. However, alkali borosilicates may 
undergo an ionic rearrangement in a lower temperature 
region leading to alkali borate crystals in a matrix con- 
sisting of nearly pure silica. This process forms the 
basis for the new Vycor brand glasses developed by the 
Corning Glass Works. 

Complete substitution of boron for silicon leads to 
the group of borate glasses. The borax bead is well 
known to every chemist. More recently, borate 
glasses of widely different compositions were developed 
by G. W. Morey, L. W. Eberlin, and P. F. DePaolis. 
This group of borates is known under the name “Kodak 
Rare Element Glasses’ because developed in the 
Eastman Kodak Research Laboratory these glasses 
contain rare elements such as lanthanum, thorium, and 
tantalum. They are free of silica and their value for 
optical elements consists in their very high refractive 
index combined with a low dispersion power. A de- 
scription of this interesting group of rare element 
borates and of their usefulness in designing optical ele- 
ments has been published by R. Kingslake and P. F. 
DePaolis (9). 

Germanate Glasses. Silicon can be easily replaced 
by germanium. Germanate glasses have been pre- 
pared by L. M. Dennis and A. W. Laubengayer (0). 
Their optical properties are not sufficiently different 
from those of corresponding silicates to justify their 
practical application. The Ge‘* ion is larger than the 


Si‘+ ion and is not a noble-gas type ion but has 18 


outer electrons. These qualities make it possible for 
the Ge‘+ ion to form glasses not only with O?~ ions but 
with the larger S?~ ions. 

Phosphate Glasses. The fact that certain phosphates 
when fused are likely to form glasses on cooling is well 
known to the chemist. The microcosmic salt bead 
with the various metal oxides as colorants has been 
used in qualitative analysis by mineralogists and 
chemists. The history of commercial phosphate glasses 
illustrates the value of crystal chemistry as a guiding 
principle. When Abbe and Schott examined nearly 
all available elements in respect to their glass-forming 
properties, the superiority of phosphates over the then 
known glasses was soon discovered. Phosphates were 
the answer to the demand for a glass with a basically 
different refractive-index-dispersion ratio. Phosphate 
glasses had a far superior ultraviolet transmission than 
silicates and they were found to resist the attack of 
hydrofluoric acid better than silicate glasses. How- 
ever, their general chemical resistivity was so poor that 
a few years after phosphate glasses had been intro- 
duced they disappeared from the market. 

On the basis of modern crystal chemistry, H. Grimm 
and P. Huppert (11) were able to develop a group of 
alumino-phosphates which in their chemical properties 
match the silicate glasses. As far as their resistance 
to hydrofluoric acid is concerned, they are even su- 
perior. Phosphate glasses due to the fivefold positive 
charge of the phosphorus are characterized by a higher 
ratio of oxygen to central cation. Sodium metaphos- 
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phate, NaPO; for example, has an oxygen to central 
cation ratio of 3:1. As this ratio increases the struc- 
ture of the glass becomes weaker as can be seen from 
the lower melting temperature and the greater solu- 
bility in water. 

In Table I the alumino-silicate glasses were derived 


S$:S:0, 


i eee 


No AI SiO, NoB S10, GeGeO, AIP O, Be BeF, 


CoAl AIO, CoB BO, GeGeS, Al AsQ, Lip BeF, 


Sn SnS4 
Table I 


from SiSiO, by replacing a part of the Si‘t+ ions by 
Al*+ ions and balancing the charge by adding an Nat 
ion for each Al*+ ion. Instead of using Nat ions, one 
may accomplish the same if the other Si‘+ ion is re- 
placed by a cation with a fivefold positive charge 
P5+ or As®t, 

Si‘*Si‘tO,2- — Al?+P5+0,2—- 


This substitution explains the isomorphism and the 
similarity of two substances which are unrelated in the 
normal chemical sense, silicon dioxide and aluminum 
orthophosphate. The optical properties of quartz 
and of AIPO, are nearly identical. The two com- 
pounds have the same hardness. The dimensions of 
their unit cells are identical in two directions, but in 
the direction of the c-axis the length of the unit cell of 
AIPO, is twice that of quartz so that each cell can 
accommodate an Al*+ and a P5+ ion. 

Alumino-phosphates were found to be the solution 
for the demand of chemically stable phosphate glasses. 
Their properties and composition fields were described 
by W. A. Weyl and N. J. Kreidl (12) in several papers 
which contain references to earlier work on the use of 
phosphates in ceramics. 

Fluoride Glasses. An entirely different group of 
glasses can be obtained if the O?~ ions are replaced by 
fluoride ions. Because of the single negative charge of 
the anion it becomes necessary that the central cation 
must have a twofold rather than a fourfold positive 
charge in order to become a ‘‘model’’ for silica. Beryl- 
lium fluoride, BeF:, has been found to resemble silica in 
its glass-forming properties. , 

V. M. Goldschmidt (2) was the first to attack an 
solve the problem of how to synthesize a crystal which 
is isomorphous with another crystal but having a dif- 
ferent sum of valencies. This can be accomplished only 
by replacing each structural element by another of 
valency smaller or larger than that of the original. If 
the new ions are similar in their polarization properties 
and sizes such a replacement will lead to a corresponding 
or model structure. The characteristic feature of a 
model is not a magnification or a reduction in size of a 
crystal structure but a different sum of the valencies. 
Increasing the sum of the valencies leads to a strength- 
ened model of the original structure, and if the sum is 
decreased a weakened model results. 
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It has been found that oxygen can be replaced easily 
in many crystal structures by fluorine. For each 
oxide, therefore, a fluoride exists which can be con- 
sidered the weakened model. ThOs, for instance, 
resembles CaF; so far as structural properties and sym- 
metry are concerned. The divalent calcium takes the 
place of the tetravalent thorium, and the monovalent 
fluorine replaces the divalent oxygen. The sum of the 
valencies of calcium fluoride is only half that of thorium 
oxide. Both substances have the same crystal struc- 
ture, but calcium fluoride, the weakened model, is 
characterized by a lower melting point, lower hardness, 
greater solubility, and greater chemical reactivity. 

Table II illustrates how model structures are obtained. 








—— Oxygen compounds —— 
Formula Size of ions 


MgO 0.78 ... 1.82 
ZnSi0, 0.83 0.39 1.32 
Ti 0.64... 1.33 
1.27 0.64 1.32 
in... Te 
1.43 0.3 1.32 





BaSQ, 





Just as fluorides may be considered as the weakened 
models of oxides, the latter can be treated as the 
strengthened models of fluorides. 

The use of model structures is not limited to crystals, 
but can be extended to glasses. 


Beryllium fluoride, the weakened model of silica, is 


therefore a glass former too. Be**+ is surrounded by 
4F-, just as Si‘+ is surrounded by 40?-. Neither sub- 
stance crystallizes readily from the molten state. 

The structural similarity between vitreous beryllium 
fluoride and vitreous silica has been established by X- 
ray investigation. This similarity extends even farther 
than the pure compounds, for they both impart their 
ability to form stable glasses to their complex com- 
pounds. Just as most silicates can be obtained in a 
vitreous state so also fluoro-beryllates have a tendency 
to solidify as glasses. This became evident when 
Goldschmidt and his students studied the sodium- 
lithium and the potassium-lithium fluoro-beryllates, 
NaLiBesF's and KLiBe;F's, as the weakened models of 
feldspars. Instead of crystalline, only vitreous prod- 
ucts could be obtained. The weakening of all proper- 
ties of silicate glasses depending on the valency is very 
pronounced in these fluoroberyllate glasses. The 
softening temperature is lowered considerably, the 
hardness is only three to four, instead of five to seven, 
and the refractive index and dispersion are lowered to 
an extent unknown in the wide field of silicate glasses. 
Complex fiuoroberyllates were the first glasses to be 
produced with a refractive index lower than that of 
water. 

G. Heyne (13) studied some complex fluoroberyllates 
from a practical point of view. The low seftening 
point (160-300°) and the high ultraviolet transmission 
make this group very interesting and desirable. 
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For further research, especially for developing glasses 
of unusual optical properties, it is worth while to know 
that the group of fluoroberyllates is miscible with meta- 
phosphates and sulfates. 

Recently new composition fields of fluorine contain- 
ing optical glasses were developed by K. H. Sun (14) 
in the Eastman Kodak Research Laboratories. The 
development of phosphates, fluorogermanates, fluoro- 
borates and titanium-containing fluorosilicates extends 
the types of optical glasses over a much wider range of 
refractive-index-dispersion ratios. 

Sulfide Glasses. In connection with the germanate 
glasses it has been mentioned that GeS, can form a glass. 
The force field of the Si‘+ ion is stronger than that of 
the larger Ge‘+ ion. The resulting polarization leads to 
more covalent binding for silicon compounds, so that 
the SiS, is likely to form molecules rather than a con- 
tinuous three-dimensional structure. This compound 
also has a high vapor pressure. This is exactiy the 
condition which one finds in the formation of CO, 
molecules from C*+ and O?- ions. In order to make 
an oxide glass the small C‘+ ion cannot be used but has 
to be replaced by the larger Si‘+ ion. In the same 
manner the Si‘+ ion is too small for the highly polariz- 
able S*— ion and for making a sulfide glass it has to be 
replaced by a larger cation, e. g., Get+. A yellow 
GeS, glass has been described by W. J. Pugh (16). 
According to G. Tammann (16), the sulfides of tin, 
arsenic, and antimony form glasses. Because of their 
absorption in the visible region these glasses cannot be 
used for optical elements and, as a result, sulfide glasses 
have never been studied systematically. The present 
interest in infrared-transmitting crystals and glasses, 
however, would justify a more thorough investigation 
of complex sulfide glasses free of oxygen. The princi- 
ple of stabilizing the vitreous condition by an asym- 
metrical force field which led to the carbonate, nitrate, 
and sulfate glasses should be applied in order to ex- 
tend their composition fields. There can be no doubt 
that sulfide glasses can be developed on the same basis 
as oxide glasses, if Ge*+, Ti+, Sn‘+, Sb?+, and As** are 
used as the central cations. These glasses could be 
modified by replacing some S*- by Se?- and Te?~ ions. 
Thallous telluride, for example, hag been reported to 
exist as a glass. Obviously in the preparation of these 
glasses, oxygen has to be eliminated from the melting 
atmosphere. 


THE GLASSY STATE AS A BASIS FOR HIGH 
TEMPERATURE RESEARCH IN INORGANIC 


The greatest stimulus for extending the fields of glass 
formation was the request of the optical industries for 
new optical elements. The search for homogeneous 
and isotropic optical media with widely varying dis- 
persion-refractive index ratios will no doubt continue, 
but already the artificial growth of minerals—for 
example, of sapphire—is beginning to fill important 
gaps. For obvious reasons the search for new optical 
glasses had to by-pass all substances which showed 
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absorption in the visible region. Sulfide-selenide 
glasses are therefore not sufficiently known, and 
interesting results may be obtained in this field. 

So far, Goldschmidt’s ideas on model structures have 
been applied to fluorides only. However, he predicted 
that glass formation may be possible in the field of 
nitrides and carbides. Replacing O?~ ions by N*~ or 
C‘4- ions produces “strengthened models” which should 
have very high melting ranges and extreme hardness. 
However, just like the sulfides, these glasses probably 
absorb in the visible region of the spectrum. Gold- 
schmidt’s ideas, in combination with the principle of 
distorting polyhedra by asymmetrical force fields, 
might make it possible to develop valuable materials 
for high-temperature engines and open a new field of 
high-temperature chemistry. 

But even without inventing new glasses chemistry 
could benefit greatly by studying more intensely the 
reactions in fused salts and in glasses because of the 
much wider temperature region which can be investi- 
gated. As an example of the advantage which glasses 
offer over aqueous solutions, an interesting oxidation- 
reduction phenomenon will be discussed. 

Our present knowledge of the stability of the states of 
oxidation of an element is primarily the result of their 
reactions in aqueous solution. The chromous ion 
Cr?+ is considered relatively unstable, because chrom- 
ous compounds in aqueous solution oxidize easily to 
form Cr*+ ions. According to the law of valency iso- 
bars, for a constant pressure the lower state of valency 
becomes more stable if the temperature is increased. 
In an early stage of the formation of the solid earth 
‘ erusts—7. e., in the original magma—many metals 
must have occurred in a lower state of oxidation than 
they occur in the mineral kingdom of today. It is very 
likely that the original magma contained Cr?*, Tit, 
etc., whereas the present minerals contain chromium 
either in the trivalent or in the hexavalent state and 
titanium primarily as TiO.. The simultaneous pres- 
ence of CrO and H,0 as well as CO; in the original mag- 
ma is probably one of the causes for volcanic eruptions. 
The analysis of exhalation of the crater of the Kilauea 
shows approximately the following composition: 


COM, itsscs 74% 
Co.. .. 4% 
| eee 10% 
EPS ce 12% 


Gas evolution from a homogeneous melt can be 
imitated in the laboratory by using molten glasses as a 
model. Introducing both chromium oxide and a 
strong reducing agent such as carbon or aluminum into 
a glass makes it possible to obtain the chromium in the 
divalent state. It can be identified as such by its 
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blue color. Such a “magma” always contains sufficient 
water and carbon dioxide from the batch material to 
be suitable for showing gas evolution on cooling. If 
cooled rapidly, a clear blue glass is obtained from the 
melt. On reheating to about 800-1000°C. or on 
cooling slowly the “eruption” can be observed. Ac- 
cording to the equations 


2CrO + CO. = Cr.0; + CO and 
2CrO + H,O = Cr.0; + H, 


the divalent chromium is oxidized, as can be seen from 
its color changing from blue to green. CO, and HO 
are “‘soluble’’ in glasses, 7. e., they can participate in 
the structure in the form of CO;?- and OH- ions; 
however, the reaction products CO and H; are insoluble 
and, as a result of this reaction, the glass is bloated to 
several times its original volume. This type of reaction 
also occurs with titanium oxide and it has been sug- 
gested as a process for making foam glass. 

This experiment is just one of the many examples 
where glasses can be used for studying oxidation- 
reduction phenomena in homogeneous systems over a 
wide temperature range and where high temperature 
equilibria can be “frozen in” and examined at room 
temperature. 
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» BIOCHEMICAL ASPECTS OF CANCER RESEARCH’ 


Tux disease we know as cancer has been recognized 
since antiquity. At the turn of the century it was one 
of the many diseases about which little was known, and 
for which nothing could be done. In the last fifty years 
the basic facts of etiology of one disease after another 
have been revealed. Cancer, however, is a condition 
which has not yet yielded any of its fundamental 
secrets. Very little is known concerning the basic 
facts on which the cause or cure can be based. 

The orderly development of the adult organism from 
the fertilized egg is one of the most complex and intri- 
cate phenomena known. Many types of cells differen- 
tiate as cell division occurs. These cell types arrange 
themselves into tissues, and the different tissues become 
oriented to form organs. This process, known as differ- 
entiation, proceeds to its maximum extent and then 
growth stops when the organism becomes the mature 
adult. Although growth stops, the capacity of the tis- 
sues to grow is not lost in the adult. Thus, after a skin 
abrasion, growth of epithelial tissue occurs. This 
stops, however, when the wound is covered. In experi- 
mental animals, such as the rat, it is possible to remove 
a large portion of the liver. This is followed by a spec- 
tacular regrowth so that in a few days the liver regains 
its original size—then it stops growing. The growth 
of normal tissue appears to be under the control of the 
organism of which it isa part. Cancer tissue, however, 
is not under the control of the whole organism. Its 
growth is unlimited, continuous, and usually rapid. It 
invades adjacent tissues and destroys them. This 
autonomous growth is the striking feature of cancer 
tissue—somewhere among the factors responsible for the 
control of the growth of normal tissue must lie the secret 
for the control of cancer. 

While it is not known what the cause of cancer is, it is 
somewhat of a paradox that cancer can readily be pro- 
duced experimentally. In the eighteenth century a 
remarkably high incidence of skin cancer was noted in 
chimney sweeps in England. Later in the coal tar in- 
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dustries a high incidence of skin cancer was noted. 
Painstaking work, especially in England, led to the 
demonstration that painting of the skin of mice with 
certain polycylic hydrocarbons caused skin cancer. At 
the present time over 700 compounds have been shown 
to be carcinogenic. Cancer can also be induced by ir- 
radiation with ultraviolet light or by X-rays. Certain 
experimental cancers, notably fowl sarcomas, mouse 
mammary tumors, and kidney cancer in frogs, have 
been shown to be transmissible by virus-like agents. 
The fact that cancer can be induced in so many ways 
suggests that cancer results, somewhat nonspecifically, 
from a variety of tissue insults. In spite of the ability 
of the oncologist to produce experimental cancer prac- 
tically at will, nothing is yet known of the causes of 
cancer in man. 

Chemists, especially biochemists, have become in- 
creasingly interested in the problems of oncology, and it 
is a widely held opinion that the contributions of chem- 
istry will be of utmost importance in solving the funda- 
mental problems pertaining to the cause and cure of 
cancer. Some of the directions that biochemical work 
has taken are summarized in the following paragraphs. 

Comparative Chemistry. The gross composition of 
normal and malignant tissues has been often studied in 
an attempt to determine whether ‘fundamental differ- 
ences in chemical composition could be demonstrated. 
No consistent differences in the content of amino acid, of 
the B complex vitamins, of the nucleic acids, of lipids, 
or of minerals have been demonstrated. One general 
observation stands out in these comparative chemicals 
studied, however. The composition of tumors is much 
more uniform than the tissues from which these tumors 
were derived. Thus a tumor originally derived from 
muscle more nearly resembles in its chemical constitu- 
tion a tumor derived from liver than the muscle re- 
sembles the liver. Tumors thus represent a class of 
similar tissues and it has been suggested that this is a re- 
sult of the reversion of tissue to a more primitive type 
when it becomes cancerous. 

Nutrition. Cancer isa rapidly growing tissue, and it 
has not infrequently been suggested that it may have a 
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greater requirement for essential nutrient substances 
than do the more stable normal tissues. A great many 
studies have been carried out on the effect of nutritional 
excesses or deficiencies on the incidence and growth of 
experimental cancer. It has been possible to reduce 
cancer incidence and growth rate by reducing the caloric 
intake or the ingestion of certain amino acids or B- 
complex vitamins. However, this reduction is ordinar- 
ily associated with a very deleterious effect on the host. 
In general it may be concluded that control of cancer 
by dietary means does not offer much chance of success. 

There is an important exception to the concept that 
diet is not of great importance to the cancer problem. 
The feeding of p-dimethylaminoazobenzene to rats on 
a low B complex, low protein diet leads to the develop- 
ment of liver cancers. Increase in the amounts of pro- 
tein and of riboflavin (vitamin Be) in the diet protects 
very strongly against the development of these liver 
cancers. This would be a most important observation 
were the phenomenon to apply to cancers of other types. 
However, riboflavin and protein appears to be effective 
only with p-dimethylaminoazobenzene or closely re- 
lated carcinogens, and appears to be associated with the 
detoxication of the carcinogenic agents. 

Hormones. There is clear indication that certain 
types of cancer can be influenced by hormonal balances 
or imbalances. Thus ovariectomy of young. mice pre- 
vents the development of the spontaneous mammary 
cancers that develop in certain mouse strains. Con- 


versely, the administration of female sex hormones in- 
creases the incidence of mammary carcinomas on such 
mice and may even produce mammary cancer in male 
mice which ordinarily do not develop tumors. 

In prostatic cancer of men it has been found that ad- 
ministration of estrogenic hormone has a strongly bene- 


ficial effect. Very recent work, not yet sufficient for 
adequate evaluation, shows that ACTH may relieve 
certain types of cancer. 

Metabolism of Cancer Tissue. The breakdown or 
catabolism of foodstuffs involve a large number of inter- 
mediary steps. Thus, when glucose is oxidized in the 
body to produce carbon dioxide and water, there are at 
least twenty intermediate metabolic reactions involved 
during which a large portion of the energy made avail- 
able by the oxidation may be stored or used by the cells. 
Certain of these steps require the participation of mo- 
lecular oxygen while othersdonot. The anaerobic split- 
ting of carbohydrate by tissues leads to the production 
of lactic acid. One of the most important observations 
pertaining to the biochemistry of cancer is the fact that 
cancer tissue is characterized by having a more rapid 
anaerobic metabolism than normal tissue. Certain 
enzymes involved in the utilization of molecular oxygen 
have been shown to be present in subnormal amounts in 
cancer tissue. These observations may again be an 
indication that cancer tissue represents a reversion to a 
primitive tissue type. 

The intimate details of the metabolism of normal and 
cancer tissue must be elucidated: Perhaps then it will 
be evident why cancer tissue differs from normal tissue, 
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and perhaps then it will be possible to devise specific 
methods of cancer chemotherapy. 

Relation of Cancer to the Host. It has already been 
emphasized that the cancer problem is primarily one of 
a host-cancer relationship. Cancer in some way es- 
capes from those mechanisms which prevent excessive 
growth of normal tissues. There are a great many 
changes in the host when cancer develops, and many of 
these changes may be remote from the site of the tumor. 
Thus an experimental cancer transplanted to any part 
of the rat or mouse results in a marked fall in the con- 
centration of the enzyme catalase found in the liver. 
Removal of the tumor results in a rapid restoration of 
the liver catalase to normal. The mechanism of this 
effect is completely unknown. A number of enzyme in- 
hibitors found in blood may fall in patients with cancer 
—antihyalouronidase, antitrypsin, antiglucuronidase 
being examples of this phenomenon. The significance 
of these changes isnot known. The concentration of at 
least two mucoproteins, present in small amounts in 
normal blood, is significantly increased in cancer pa- 
tients. Nothing is known as to the physiological sig- 
nificance of these mucoproteins or of their increase in 
cancer. 

In addition to their obvious importance in possible 
diagnosis and prognosis of cancer, these systemic effects 
of cancer may be of basic importance in elucidating the 
mechanisms by which cancer may kill patients long 
before any vital organ is affected. 

These then are some of the biochemical aspects of the 
cancer research. It should be recognized that the prob- 
lem of cancer is a fundamental and basic one. It re- 
quires the integration of chemical and biological infor- 
mation. When the problems of the etiology and the 
cure of cancer are solved we shall be much nearer to the 
understanding of the basic phenomena of tissue growth 
and differentiation. 


JUNE MEETING 


At the June meeting of the Southern California Sec- 
tion of the Pacific Southwest Association of Chemistry 
Teachers officers were installed for the coming academic 
year 1950-51. 


Chairman: J. Robert Harper, Los Angeles City Col- 
lege. 

Chairman-Elect: Philip Gill, Glendale College. 

Secretary: Blanche Bobbitt, Los Angeles City Board 
of Education. 

Treasurer: James D. McCullough, University of 
California at Los Angeles. 


Other members of the Executive Board of the South- 
ern California Section for the coming year will be: 


L. Reed Brantley, Occidental College, the immediate 
past chairman of this section. 

W. Roy Newsom, Whittier College, chairman of the 
membership committee. 

Sister Agnes Ann, Immaculate Heart College, chair- 
man of the publications committee. 





INSTRUMENTAL CHEMICAL ANALYSIS AT THE CONNECTICUT AGRICULTURAL 
EXPERIMENT STATION 


On the occasion of the 255th Meeting of the NEACT 
at the Connecticut Agricultural Experiment Station, 
one of the high lights of the day was an inspection tour 
of the laboratory facilities. Of particular interest to 
the chemistry teachers were the analytical laboratories 
and the instruments in use for analytical purposes. 
Just prior to the tour, Dr. Harry J. Fisher, Chemist in 
Charge, Department of Analytical Chemistry, de- 
scribed many of the pieces of equipment that would be 
seen in use. The following is an abstract of the manu- 
script from which he spoke. 

The Refractometer. This is the simplest instrument 
used in the laboratory outside of the balance. When a 
ray of light strikes a transparent object at an angle, it 
is bent in passing through the object at an angle that 
depends on the relative densities of the object and the 
air. By measuring the amount of this bending or re- 
fraction the density of the object can be determined. 
Refractometers are prismatic instruments for measur- 
ing the angle of refraction of light in passing through 
liquids. By such measurements the concentration of 
an aqueous solution of one compound may be deter- 
mined, for instance, or one vegetable oil may be dis- 
tinguished from another. The Experiment Station has 
three different refractometers—an Abbé, a Zeiss butter 
refractometer, and an immersion or dipping refractom- 
eter. The first two instruments are used chiefly for 
identifying oils, determining the proportions of two 
oils in a mixture, and for determining the moisture con- 
tent of sirups; among the uses of the immersion re- 
fractometer (which dips into a solution in a beaker) 
are the determinations of alcohol and of sugar in bever- 
ages. 

The Emission Spectrograph. When materials are 
heated to a sufficiently high temperature, some of the 
energy absorbed is re-emitted as light. Some of this 
light is in the visible spectrum but much of it is in the 
ultraviolet. The light emitted is not in the form of a 
continuous spectrum but is a series of distinct lines. 
This series of lines is a unique characteristic of the ele- 
ment, and is given by no other element. The spectro- 
graph consists of a means of exciting (energiging) ele- 
ments, an optical train to separate the light emitted 
according to wave lengths, and a means of recording 
and measuring the lines of different wave lengths. 


The means of excitation may be an electric arc or spark 
or a flame; at the Experiment Station an arc and 
sometimes a spark are used. Spectrographs are 
divided into two general groups on the basis of the 
means used to separate the emitted light: the prismatic 
and the grating instruments. The A. R. L. Dietert 
instrument at the Experiment Station is of the grating 
type; it contains a concave piece of metal ruled with 
15,000 lines to the inch. This grating separates the 
emitted light, after it has passed through a slit, into a 
pattern determined by the wave lengths present. The 
positions of the lines on the film, therefore, show what 
elements were present in the sample, and the intensi- 
ties of the characteristic lines indicate how much was 
present. The spectrograph can rapidly provide proof 
of the presence of most elements and highly accurate 
quantitative determinations of elements in mixtures 
can be made under certain conditions. The spectro- 
graph can be used to detect and determine any metallic 
element and a few nonmetallic elements, and does not 
distinguish between compounds of the same element. 

At the Experiment Station thousand of analyses of 
plant materials and biological tissues have been made. 
Accurate quantitative determinations of Ca, Mg, K, 
Na, P, Fe, Al, Mn, Cu, Zn, and B are made simul- 
taneously on pasture grasses, tobacco, and similar ma- 
terials, and toxicological specimens are tested for Pb, 
Tl, Zn, As, Sb, Hg, Ag, and other elements. The sav- 
ing in time over chemical methods is enormous. 

Visible and Ultraviolet Absorption Spectrophotometers. 
The spectrograph measures emitied light, and deter- 
mines elements only; other instruments measure ab- 
sorbed light, and may be used to determine compounds 
as well as elements. Energy in the form of light may 
be absorbed by molecules in various ways, involving 
electronic, vibrational, and rotational motions. Com- 
plicated molecules undergo very complex vibrations and 
each of these is affected by light of certain specific wave 
lengths. 

Visibly colored materials are colored because they 
absorb light of some wave lengths from incident white 
light and let light of the other wave lengths pass 
through; in the same way, if some material is exposed 
to a source of ultraviolet light yielding a continuous 
spectrum it will absorb certain wave lengths, more or 
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less characteristic of the material. Consequently, 
measurement of the decrease in transmission of light at 
those wave lengths will afford a means of both detecting 
and determining that material. The spectrophoto- 
meter used at the Experiment Station is the Beckman. 
It is a prismatic instrument with quartz optics that pro- 
vides a choice of two sources of light, a tungsten bulb 
for the visible and a hydrogen lamp for the ultraviolet. 
At each wave length the amount of light transmitted 
by the sample is measured electrically by a photo- 
electric cell to give the absorption curve. 

The spectrophotometer is used for a wide variety of 
determinations; two examples are the determination of 
sulfa drugs in poultry feeds and the determination of 
vitamin A in fish oils. In the first example, the sulfa 
drug is diazotized and coupled with an amine and the 
intensity of color of the resulting dye solution is meas- 
ured. In the second case, the oil is saponified, the 
unsaponifiable matter is separated, dissolved in alco- 
hol, and the absorption in the ultraviolet is determined 
at a specific wave length (325 mu). Both of these 
examples illustrate the fact that usually in analysis, 
using the visible-ultraviolet spectrophotometer, the 
material being analyzed is not examined directly but 
first is subjected to various chemical manipulations to 
produce a solution suitable for the quantitative estima- 
tion of a component. Some materials can be analyzed 
by direct absorption measurements: For instance, the 
concentration of a solution of potassium chromate or 
potassium permanganate can be determined directly 


by measuring its absorption at the right wave length. 


Infrared Spectrophotometers. The principle of con- 
struction and use of infrared spectrophotometers is 
identical with that of the visible type of instrument, 


but since glass and quartz are very nearly opaque to- 


infrared light, crystalline salts, most of which are 
water soluble, are used instead. Sodium chloride 
crystals are transparent to infrared light of wave 
lengths up to about 15 microns, and potassium bro- 
mide, up to 25 microns; for longer wave lengths a mixed 
thallium bromide-iodide crystal must be used. Pris- 
matic instruments of satisfactory optics would have 
been very difficult to construct were it not for the fact 
that very large artificial crystals of sodium chloride and 
other salts are now grown on a commercial scale. 

It is obvious that aqueous solutions cannot be 
examined in cells the windows of which are plates of a 
soluble salt; moreover, water itself has such a com- 
plicated absorption pattern that it masks the absorp- 
tion of the solute. Infrared readings on solids are, 
therefore, made either on their solutions in organic 
solvents such as carbon disulfide or carbon tetrachloride 
that possess little absorption at the points being meas- 
ured, or else they are made using ground suspension 
(“mulls”) in Nujol. Liquids and gases may be meas- 
ured directly. 

To provide a continuous spectrum of infrared light a 
heated, silver-coated Carborundum rod known as a 
“Globar,” or an oxide rod known as a ‘“‘Nernst glower,” 
is used; and the transmitted light is measured either by 
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a sensitive thermocouple or a thermopile. Plotting the 
many readings necessary to obtain an absorption curve 
of a compound in the infrared is very laborious, and for 
this reason most of the modern instruments are of the 
recording type that automatically plot the curve on a 
sheet of paper on a rotating drum. 

Some instruments of the double-beam type draw 
curves directly in terms of percentage transmission. 
The Perkin-Elmer instrument used at the Experiment 
Station is a recording instrument, but the drawn curves 
must be recalculated to yield percentage transmission 
curves. 

The great advantages of absorption measurements in 
the infrared are three: (1) Every organic compound 
yields an absorption pattern that as a whole is char- 
acteristic of that compound only; (2) groups within 
compounds, such as carbonyl, carboxyl, hydroxyl, 
amino, etc., show more or less specific absorption at 
certain regions, and an infrared curve will therefore in- 
dicate whether an unknown compound is an amine or a 
ketone or an acid (or a ketone alcohol), or other struc- 
tural types; (3) if two different compounds are present 
the absorption curve of the mixture is strictly (or 
nearly) the additive resultant of the curves of the in- 
dividual compounds, and therefore both compounds 
can be identified and their relative amounts can be 
determined. 

Mixtures of organic compounds that are so similar in 
structure as to defy analysis by ordinary chemical 
means may be analyzed by means of the infrared spec- 
trophotometer. One example of this is the mixture of 
hexachlorocyclohexanes used as an insecticide under 
the name of “‘benzene hexachloride.” ‘Benzene hexa- 
chloride” contains at least five different geometrical 
isomers whose ordinary chemical properties are almost 
identical; one of these, the so-called gamma isomer, is, 
however, much more effective as an insecticide than 
any of the others, and it is, therefore, commercially im- 
portant to know the percentage of the gamma isomer in 
various “benzene hexachlorides.” This can easily be 
done by infrared absorption measurements, because 
each isomer shows absorption at certain points that is 
characteristic of that isomer only. 

Fluorometers. Absorption spectra result from elec- 
trons being forced from their normal levels in the atom 
to higher levels; the return of the electron to its normal 
level may result in emission spectra or in the radiation 
of the absorbed energy in the form of heat (infrared) or 
other radiation. When the light produced is within 
the visible region of the spectrum, we have the phenome- 
non commonly known as fluorescence. Fluorescent 
substances on exposure to ultraviolet light emit visible 
light—that is, they appear to glow. This property is 
of considerable value from the analytical standpoint 
just because the number of strongly fluorescent com- 
pounds is limited; if a compound is fluorescent, the 
measurement of the fluorescence of a solution contain- 
ing it offers a sensitive means of determining its con- 
centration. 

In principle, a fluorometer consists of a device for 
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illuminating a solution with a source of ultraviolet light 
and for measuring, usually at right angles to the direc- 
tion of illumination, the light re-emitted by the solu- 
tion. The instruments on the market measure the in- 
tensity of the fluorescence with photoelectric cells; 
such instruments employ glass filters to eliminate any 
effect on the photoelectric cell of stray light from the 
ultraviolet source. 

The fluorometer used at the Experiment Station is 
made by the Coleman Instrument Company. It finds 
its greatest use in the determination of two vitamins— 
thiamine and riboflavin; riboflavin is naturally fluores- 
cent, and thiamine on oxidation yields a fluorescent 
compound known as “thiochrome.” Quinine can 
equally well be determined fluorometrically. 

Polarimeters. Organic compounds having four dif- 
ferent groups attached to the same carbon atom are 
“optically active.” Such compounds exist in two iso- 
meric forms that are mirror images of each other. 
When a beam of plane-polarized light—light vibrating 
in one plane only—is passed through a solution of one of 
these isomers, the beam is rotated about its axis. One 
isomer will rotate the beam in a clockwise direction and 
the other will rotate it counterclockwise. 

A polarimeter consists of a device for producing 
plane-polarized light, a tube to hold solutions through 
which the polarized light passes, and a scale for meas- 
uring the angle through which the light has been turned 
in passing through the tube. The polarimeter in use at 
the Experiment Station was made by O. C. Rudolph. 
It is accurate to 0.002° of arc. The most important use 
to which it is put is the determination of concentrations 
of sugars. Natural sugars are optically active, and 
comparatively few other water-soluble compounds oc- 
curring in plant products are. The rotations of dif- 
ferent sugars change at different rates with changes of 
temperature, so to determine one sugar in the presence 
of another, the rotations of a solution are measured at 
both 20° and 87°C. This principle is made use of to 


detect the adulteration of honey with glucose. 

X-Ray Diffraction Apparatus. X-rays are produced 
by the bombardment of a metal target by electrons. 
These electrons are generated in a vacuum tube, and 
the wave length of the X-rays formed depend on the 
element of which the target (usually molybdenum or 
copper) is composed. That is, X-rays are emitted 
from the tube not as a continuous spectrum but as dis- 
crete lines of wave lengths characteristic of the target 
element. 

X-ray spectrophotometers, that is, instruments for 
measuring the absorption of X-rays by substances, 
have analytical uses. They are not common, however, 
because the information they supply can be obtained 
more easily with other instruments. The instrument 
that is finding considerable use as an analytical tool 
is not properly a spectrometer—that is, it does not 
measure an X-ray spectrum—but is an X-ray diffrac- 
tion apparatus. It depends on the principle that when 
a beam of X-rays strikes a crystal the various mono- 
molecular layers within the crystal act essentially like 
lines of a diffraction grating to reflect—diffract—the 
beam at an angle that is a function of the interatomic 
distances in the crystal. Various devices are used for 
recording this diffraction. The Soils Department of 
the Experiment Station uses a Norelco instrument 
which is equipped with a Geiger-Miiller counter to 
measure the intensity of the diffracted beam at various 
angles and automatically records the “crystal pat- 
tern.” 

Since X-ray diffraction analysis is crystal measure- 
ment, only crystalline materials can be analyzed. The 
Norelco instrument, thus, determines compounds, not 
elements, and therefore readily distinguishes, for in- 
stance, a mixture of tricalcium phosphate and stron- 
tium sulfate from a mixture of calcium sulfate and tri- 
strontium phosphate. The Soils Laboratory uses the 
instrument to identify and determine components of 
soils in connection with The Soil Survey. 


Keceut- Geoke 


* THE CHEMICAL ELEMENTS AND THEIR COMPOUNDS 


N. V. Sidgwick, Lincoln College, Oxford. Oxford University 
Press, London, 1950. Two volumes: xxxii + 853 pp. and iv + 
849 (855-1703) pp. 15.5 X 24.5cm. $14.00. 


AN EXAMINATION of the current literature gives evidence of 
greatly enhanced activity in the field of inorganic chemistry 
over that of a decade or more ago. Many workers in the fieid 
have expressed concern over the lack of a one- or two-volume 
treatise summarizing the present state of knowledge about in- 
organic substances. Teachers of inorganic chemistry for ad- 
vanced undergraduate or beginning graduate students have 
remarked upon the lack of a suitable textbook. Finally, workers 
in other fields have asked for a compilation where they can inform 
themselves on modern inorganic chemistry. The desires of all 


three of these groups to a very large extent will be met by Dr. 
Sidgwick’s monumental work entitled “The Chemical Elements 
and Their Compounds.” Dr. Sidgwick has kept the promise 
which he made (1929) in his stimulating volume ‘‘The Electronic 
Theory of Valency” (p. 256). 

The present work “is an attempt to describe the chemistry of 
the elements in the light of modern ideas of atomic and molecular 
structure, and to show how far the facts can be converted from 
a mass of unrelated data into a coherent whole. It deals with the 
elements in their periodic groups, and describes their more im- 
portant compounds, with the evidence for their structures; the 
changes of properties which occur within the groups, and between 
one group and another, are emphasized [often by tables]. The 
analytical, metallurgical, mineralogical, and technical details 
are kept in the background. The book is fully documented 
[to the summer of 1948]. It might be called a rational inorganic 
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chemistry, except that it gives carbon its proper place as by far 
the best known of the elements, and discusses under it the more 
important principles, though not the details, of organic chemis- 
try.’ The second volume contains an author index (41 pages) 
and a subject index (34 pages). 

Once again, chemists are indebted to Dr. Sidgwick for produc- 
ing a very significant compilation which will greatly aid in the 
development of chemistry. The magnitude of the present under- 
taking is really staggering. The excellence of the organization 
and presentation is very commendatory. Typographical errors 
are unusually few. The coverage of topics is remarkably com- 
plete. One can only hope for occasional supplements because, 
as the author states, ‘‘many of the statements in this book al- 
ready need correction and amplification’”’ because the subject is 
advancing so rapidly. 

In the face of the consistent high quality of this valuable work, 
any adverse criticism seems inappropriate. With no sense of 
trying to belittle Professor Sidgwick’s efforts, your reviewer has 
a few regrets about the book. The limit of unification and sys- 
tematization of inorganic chemistry which is possible with 
present knowledge is not realized in this work. The incorpo- 
ration of more diagrams to indicate crystal structures and graphs 
to show relationships would be most helpful. The failure to use 
the nomenclature approved by the International Union of 
Chemistry is regrettable. The designation of the transuranium 
elements as a “uranide” rather than an “‘actinide” series is apt 
to create an unfortunate wrong impression of their chemical 
behavior. However, these matters and other similar ones are 
trivial compared to the accomplishment. ‘The Chemical 
Elements and Their Compounds’ is strongly recommended to all 
who have an interest in inorganic chemistry. Even at fourteen 
dollars, the book is a bargain. 


W. CONARD FERNELIUS 
Tue PENNSYLVANIA StTaTE COLLEGE 
State CoLueGe, PENNSYLVANIA 


+ THE ALKALOIDS, VOL. I 


Edited by R. H. F. Manske and H. L. Holmes, Dominion Rubber 
Research Laboratory, Guelph, Ontario, University of British 
Columbia, Vancouver, Canada, respectively. Academic Press, 
Inc., Publishers, New York, 1950. viii + 525 pp. 16 X 23.5 
cm. $10. 


Tuts volume is the first of five that are contemplated to serve 
as a “Handbuch” to cover the pertinent knowledge of the 
chemistry and pharmacology of the alkaloids. Volume I has 
seven chapters: I, “Sources of alkaloids and their isolation,” 
by R. H. F. Manske; II, “Alkaloids in the plant,” by W. O. 
James (Oxford, England); III, “The pyrrolidine alkaloids,” 
by Leo Marion (National Research Council, Ottawa, Canada); 
IV, “Senecio alkaloids,” by Nelson J. Leonard (University of 
Illinois, Urbana, Illinois); V, “The pyridine alkaloids,” by Leo 
Marion; VI, “The chemistry of tropane alkaloids,” by H. L. 
Holmes (University of Saskatchewan, Saskatoon, Canada); VII, 
“The strychnos alkaloids,” by H. L. Holmes. 

The first chapter is general in character with an informative 
discussion of the natural occurrence, distribution in the plant, 
isolation and separation, and purification of alkaloids. The 
second chapter affords a detailed description of the histology, 
cytology, ontogeny, metabolism, and biosynthesis of alkaloids as 
well as the factors affecting alkaloid formation, the metabolic 
status and consequences of alkaloid formation. Each of chapters 
III, IV, V, VI, and VII is confined to a discussion of alkaloids 
in a specific class. A general introduction is included in each 
chapter, followed by treatment of each alkaloid independently; 
the source, properties of the alkaloid and its derivatives, and 
pertinent chemistry concerning the determination of structure 
and method of synthesis where such has been completed. The 
authors have included occasionally useful descriptions of im- 
portant isolations and significant degradative procedures. They 
have avoided including any incorrect historical formulas. In 
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the chapters on strychnos and tropane alkaloids, tables have 
been included of the various degradation products and deriva- 
tives with physical constants and references. 

Any book in this field suffers the disadvantage of being pub- 
lished several years after the chapters have been written. Asa 
consequence, there are very few references later than 1946 and 
none later than 1947. In certain classes of alkaloids, particu- 
larly those of the senecio and strychnos type, important papers 
have appeared in the last three years. The authors intend to 
issue supplements at periodic intervals in the future to bring 
the information up to date. 

The book is readable, well arranged, and can be highly recom- 
waned, The subsequent four volumes will be eagerly antici- 
pated. 


ROGER ADAMS 
University or ILLinors 
Urnsana, ILiINors 


* THIN FILMS AND SURFACES 


Winifred Lewis. Chemical Publishing Co., Inc., Brooklyn, 
New York, 1950. vii +120pp. Il2tables. Sdiagrams. 14 X 
22.5 cm. $4.75. 


Tue fly leaf states ‘‘This book is a critical survey of the results 
of research on thin metallic films and surfaces with special refer- 
ence to aluminum.”’ Aluminum was chosen for the greatest por- 
tion of the discussion as it has played a part in many different in- 
vestigations and also affords the most varied illustrations of the 
applied physical, electrical, and chemical properties discussed. 
However, the volume does in the first chapters attempt to out- 
line what is known to the present about the structure, production, 
and mechanical, optical, magnetic, electrical, and chemical prop- 
erties of thin metallic films and surfaces in general, using the 


later chapters on aluminum for an example. 

The author hopes that this little monograph will summarize 
the important work which has been done on surfaces, much of 
which is obscured in general treatises under many scientific head- 


ings. 


€ THE SEPARATION OF GASES 


Oxford at the Clarendon Press, England, 1949. 
xii + 307 pp. 157 figs. 32 tables. 16 X 


M. Ruhemann. 
Second edition. 
24cm. $6. 


Tue first edition of this work appeared in 1940 and was the 
first orderly exposition in English of the theory and principles 
of the practical application of low temperature techniques for 
the separation of the constituents of gaseous mixtures. The 
second edition incorporates changes and additions in seven of the 
twelve chapters thereby increasing the book by some forty-four 
pages. The fine printing and excellent figures as well as the 
quality of the paper enhance the welcome which will be accorded 
this excellent volume. 

During the war considerable impetus was given to improve- 
ment of the separation of the constituents of air. Oxygen in 
enormous quantities was required by the United States Naval, 
Army, and Air forces, particularly throughout the Pacific area. 
To transport compressed oxygen, eighteen pounds of oxygen to 
one hundred of tank iron, would have been impossible considering 
the enormous amounts required, and the need was met by the 
development of mobile plants of several designs and capacities. 
The author refers to a part of this development, particularly 
the turbine expander and reversing interchanger developments. 

The theoretical treatment in Chapters II and IV, Equilibrium 
of Gaseous and Liquid Mixtures and Heat, Work and Entropy, 
is very understandably written. The sixty-eight diagrams used 
in these chapters aid greatly in gaining a rapid comprehension 
of the theory and principles involved in the separation of binary 
mixtures. It is greatly to be regretted that so little factual 
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information is available on ternary mixtures; insufficient for 
practical needs even in the case of oxygen-nitrogen-argon. The 
reviewer regrets that no reference is made to the fundamental 
contributions made by M. Ponchon (Tech. Moderne, 13, 20 
(1921)) and by R. Sevarit (Aris et Metiers, 65, 142, 168, 241, 
266, 307 (1922)) introducing the use of the enthalpy-concentra- 
tion diagram for the exact and complete treatment of the problem 
of separation by distillation of binary mixtures. The use of 
Ponchon’s diagram is presented, however, for the case of nitrogen- 
oxygen mixtures. 

The treatment of irreversible processes as related to air sepa- 
ration has been modified and extended. This notoriously in- 
efficient process well deserves continued consideration. 

While the author confines his presentation by intention to an 
exposition of theory and principles, it is gratifying to find in the 
section on heat-exchangers a brief sketch pertaining to the 
modern theory of heat transfer, a subject at the heart of plant 
design for distillation processes. Sustained advance in this 
field has taken place in the United States during the past twenty 
years although the theoretical foundations were laid in England 
and Germany. 

Rare gas separation, a subject of importance in view of the 
expanding uses to which these gases are being put, is treated 
in more detail in the new edition. 

The separation of ‘cracker’ gas advanced under the stimulus 
of war requirements and Chapters XI and XII have been ex- 
panded and rewritten to cover the separation of gases from coal 
as well as oil. Descriptions of the newer plant designs are 
included. 

The author is to be congratulated for a ean edition of a 
very useful and needed book. 


FREDERICK G. KEYES 


Massacuusetts InstiTuTE oF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


e AN INTRODUCTION TO MOLECULAR SPECTRA 


R. C. Johnson, Master-of Queen’s College, University of Mel- 
bourne. Pitman Publishing Corp., New York, 1949. (Printed 
in Great Britain by Richard Clay and Co., Ltd., Bungay, Suffolk.) 
xiii + 296 pp. 8 plates. 15lfigs. 14.5 X 22.5cm. $7.50. 


Ir 1s difficult to judge a text written for student use in another 
country without an understanding of the pedagogical problems in- 
volved there. The present introduction to molecular spectra 
attempts “to provide a textbook for the student who has gradu- 
ated in physics or chemistry or who is approaching graduation 
and desires an understanding of the subject with the limits of 
ordinary mathematical equipment at that stage.” 

The subject is “introduced” by an examination of experimental 
spectra of considerable complexity, including cases of spin and of 
A doubling (page 25). It would appear better to introduce the 
subject with the material of Chapter VI, page 80, where quantum 
numbers, electronic configuration and states, and selection rules 
are considered. 

The major part of the text is concerned with the experimental 
details of selected band spectra. The details are rather com- 
pletely reproduced from original sources, and are shown in many 
excellent tables and figures. The selected cases are well chosen. 
The empirical analysis of the spectra by fitting to formulas and 
curves is emp 

There appears throughout the text, however, a tendency to 
avoid not only mathematics (as the author apparently intended), 
but also discussion of the fundamental physical principles in- 
volved. It would not take much quantum mechanics, and very 
little group theory, to make clear the meaning of quantum num- 
bers, symmetry properties, and selection rules. It is indeed diffi- 
cult to believe that the subject can be understood at ail without 
this, and instead the subject will continue to appear to the stu- 
dent as a collection of empirical facts and the spectra as compli- 
cated arrangements of lines. 
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This lack of physical theory is especially felt in the treatment 
of polyatomic molecules, which occupies the last third of the text. 
Some complex subjects are discussed here such as the rotational 
levels of the asymmetric top and the Raman effect, which again 
can hardly be understood by a student without more theoretical 
background than is presented in the text. 

The principal utility of this book appears to lie in the numerous 
and well-chosen examples of data, which may save trips to a li- 
brary. It may also stimulate a thoughtful student to acquire a 
proper background in theory, after which he may return to a more 
profitable study of the material of this text. 


A. B, F. Duncan 
Tae University or RocHEester 
Rocuester, New York 


THE HETEROCYCLIC DERIVATIVES OF PHOS- 
PHORUS, ARSENIC, ANTIMONY, BISMUTH, AND 
SILICON 


Frederick George Mann, Cambridge University, England. 
Arnold Weissberger, Consulting Editor of the series, The Chemis- 
try of Heterocyclic Compounds. Interscience Publishers, New 
York, 1950. ix + 180 pp. 16 X 23.5 cm. $4.20 for sub- 
scribers to series; $5.25 for nonsubscribers. 


Tuts is the first volume in a series of monographs which are 
to be devoted to the presentation of heterocyclic chemistry. 
Each volume will be prepared by an expert and there are now 
planned some 28 monographs in all. 

Although the authors hope the series will be modern and com- 
prehensive, no attempt is being made to list all compounds and 
their derivatives but rather all those important for their chemis- 
try or use. 

This the first of the series treats of P, As, Sb, Bi, and Si; each 


chapter giving the chemistry, properties, and brief preparation 
description of the most important ring structures of each ele- 
ment, only those ring structures including carbon are considered. 

This series should fill an important need in the clarification of 
this complex branch of organic chemistry, so interesting for its 
theoretical implications, for its synthetic procedures, and for its 
physiological and industrial applications. 


ca ELASTOMERS AND PLASTOMERS. VOL.I 


Edited by R. Houwink, External Lecturer, Technical University, 
Delft, Netherlands. Elsevier Publishing Co., Inc., 1950. xiv + 
495 pp. 318 figs. 93tables. 18 X 26cm. $7. 


Tuts book is the third sectional volume of major volume No. 3 
in a Polymer Series of eight, and is the third one of the three to be 
published. The- other two have already been reviewed in these 
columns (Vol. 26, p. 624; Vol. 27, p. 109). Like its predecessors 
it is an international undertaking,. but it is predominantly a 
Netherlands book since 58.5 per cent of the pages are by authors 
in the Netherlands, 22.6 per cent by American authors, 9.6 by 
English authors, and 9.2 by a French author. Each of the three 
volumes is written by a different group of authors. 

The previous (second) volume covers ‘‘Manufacture, Proper- 
ties and Applications,” but contains a considerable amount of 
theoretical discussion, and this volume, although on “general 
theory,” contains a fair amount of practical material, one chapter 
being on Mechanica] Properties and another on Mechanical 
Operations. The additional material of an opposite nature in 
each case is, however, helpful because it makes that particular 
volume more complete in its treatment, even though not’ in 
accord with the title. 

The theoretical treatment of the subject varies, of course, with 
the authors, but it is generally complete and well done. There is 
an abundance of references which are advantageously placed at 
the end of each chapter. In most cases they extend into 1948; in 








ers 
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one case into 1949 and in another only 1944. As would be ex- 
pected in a subject that covers reaction kinetics, physics and 
structure, and electrophysics, there is a considerable amount of 
mathematics. It is of interest in a book on general theory that 
the first chapter is on ‘Economic aspects.” 

The text is full of tables, figures, graphs, mathematical ex- 
pressions, and organic structural formulas, all of which add much 
to the understanding of the subject matter. There is a very good 
index which consists of twenty-seven columns. The typography 
of this book is very good and yet there are some letters that are 
only half printed and some not printed at all. The text contains 
some misspelled words, and the organic nomenclature does not 
always conform to American Chemical Society standards. An 
unfortunate statement on page 72 should be corrected—‘‘buty] 
rubber” and ‘‘Ameripol’’ are not synonymous. 

The book covers the subject well and contains much good in- 
formation. When this series of volumes is completed it will be a 
small encyclopedia on this general subject. 


HARRY L. FISHER 
NATIONAL ReseARcH CoUNCIL 
Wasuinarton, D. C. 


* MODERN CHEMISTRY 


Charles E. Dull, Late Head of Science Departr-ent, West Side 
High School, Newark, New Jersey; William O Brooks, Chair- 
man, Science Department, Technical High School, Springfield, 
Massachusetts; and H. Clarke Metcalfe, Science Department, 
Brentwood High School, Pittsburgh, Pennsylvania. Henry 
Holt & Co., New York, 1950. xi + 564 pp. LIRustrated. 16 x 
24 cm. 


Tuts edition of “Modern Chemistry” is a complete revision 
of the successful text by the'late Charles E. Dull. It is a well- 
organized text. There are sixteen units, each one concluding 
with ‘Some things for you to do.’”’ The summaries are very 
good and careful attention has been given to word study. The 
materials for superior students are marked thus taking care of 
individual differences. The latest theories on the structure of 
matter are presented. It would be an easy book from which 
to teach because the pupils themselves could handle the materials 
so well. Simple language is used throughout, making it easier 
to read than some high-school chemistry texts. Authors some- 
times forget that high-school students are a teen-age group 
studying chemistry. This is a welcome addition to chemistry 
texts for high-school use. 


GRETA OPPE 
Batu Hier ScxHoor 
GALVESTON, TEXAS 
€ DIE THEORETISCHEN GRUNDLAGEN DER ANA- 
LYTISCHEN CHEMIE 


Gunnar Hagg, University of Uppsala, Sweden. Translated 
by H. Baumann, Verlag Virhauser, Basel, 1950. 197 pp. 26 
figs. Stables. 17.5 X 25cm. 18 Swiss francs. 


In a space of less than 200 pages the author has succeeded in 
giving a modern discussion of the most important fundamentals 
of classical volumetric and gravimetric analysis. The book is in- 
tended as a theoretical introduction to analytical chemistry, and 
should be very useful for that purpose in many European universi- 
ties where analytical chemistry is taught in a stepmotherly way. 

Chapter I deals with clear definitions. (The notation of a Val 
or a gram-equivalent, which was introduced by Thiel, is found on 
page 14.) Chapter II deals with the mass action law and equilib- 
ria; Chapter III with the chemical bond (a reference to the 
formation of coordination compounds in the G. N. Lewis sense 
could have been given here); Chapter IV with protolytes and 
salts; Chapter V with conductance and activity of electrolyte 
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solutions. The following eight chapters deal with an excellent 
discussion of protolysis reactions and equilibria, including acid- 
base indicators, all based on the theory of Brénsted. The style is 
concise and exact. This is especially true of Chapter XIII, in 
which the titration error is discussed on the basis of the classical 
monograph of N. Bjerrum (1914) and the papers by H. Arnfelt 
(1937) and A. Orlander (1939). 

In six chapters a discussion of solubility, solubility equilibria, 
properties of precipitates, colloids, precipitation, and complex 
formation titrations is given. The last two chapters deal with 
oxidation-reduction reactions and titrations. 

The monograph does not seem useful in this country as a text 
for a beginning course in quantitative analysis, not only because 
no laboratory directions are given, but also because the subject 
has not been treated exhaustively. For example, electrical 
methods of analysis (like electroanalysis, potentiometric titra- 
tions), optical methods of analysis, separations in general, use of 
organic reagents are not discussed. 

Aside from these limitations the author has enriched the litera- 
ture of the science of analytical chemistry with an excellent text. 
The discussion of each topic is exact, modern, and strictly scien- 
tific. The treatment of many problems is presented in an original 
way, refreshingly different from the conventional presentation in 
many modern textbooks. The present book is warmly recom- 
mended te students whose major field of interest is analytical 
chemistry. 


I. M. KOLTHOFF 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 


= INTRODUCTION TO SEMIMICRO QUALITATIVE 
CHEMICAL ANALYSIS 


Louis J. Curtman, Emeritus Professor of Chemistry, The City 
College of New York, New York City. The Macmillan Co., New 
York, 1950. Revised edition. xvi + 391 pp. 39 figs. 24 
tables. 14 X2lcm. $3.50. 


Tuis revised edition of a widely used text differs very slightly 
from the 1942 edition. With the exception of the mention of ad- 
ditional tests for sulfite and fluoride, and the inclusion of a dis- 
cussion of the basic ferric acetate method for the removal of phos- 
phate, the first 220 pages are identical with those of the earlier 
edition. The only change (if it can be called that) in the scheme 
of analysis for the cations is the instruction to evaporate aqua 
regia under the hood. Although the author states that “The en- 
tire procedure for the systematic detection of the Group 2 anions 
has been rewritten. . .,”” my own inspection revealed significant 
changes only in the section in which the test for chloride is made, 
with more attention given to the interference of bromide and 
iodide. Several notes on the sensitivities of the tests are ap- 
pended to the procedures in this section. The chapter on semi- 
micro technique and equipment has been expanded slightly. 
These instructions are clear and complete; ample illustrations 
of manipulations help to make this chapter really excellent. I 
liked this book when I used the earlier edition; the following 
comments are not intended to obscure this fact. 

The instructor who values primarily the experimental side of 
qualitative analysis will find this book entirely sound. On the 
theoretical side the book is, in my opinion, a bit sketchy in spots, 
such as the theory of redox reactions which is covered in 9 pages. 
Asin many texts in qualitative analysis, this book gives erroneous 
impressions in two important regions. 

The first is in the derivation of the law of mass action from the 
opposing rates of two second-order bimolecular reactions in a 
homogeneous medium. The trouble is that the student is not 
told that this is a rather special type of reaction and the serious 
error comes when this conventional approach is extended to the 
general case that is familiar to us all. No mention is made of the 
very important fact that the coefficients in the generalized 
equilibrium constant have no dependence on rates of reaction. I 
think there may be some connection between this derivation and 
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the dozens of students encountered at all levels who, if they ex- 
press an opinion at all, think that the rate of an oxidation by 
dichromate is proportional to the 14th power of the H * concentra- 
tion. This is all the more embarrassing because we teach our 
students that the concentrations that exist under a particular set 
of reversible equilibrium conditions are independent of the rates 
involved. There are only two ways of treating the equilibrium 
constant on a general, valid basis: the first is to say that the 
experimental results require that the coefficients correspond to the 
balanced equation, and the second is to admit that the exponents 
are the coefficients of the partial molal free energies of the reacting 
components. This situation isadilemma. The attempt to solve it 
by derivations from kinetics, without acknowledging the restric- 
tions involved, has been the source of much confusion. 

The second source of trouble is the tendency to place too great 
faith in numerical calculations for equilibria such as the insoluble 
sulfides. As an example, we find on page 76 a reasonable discus- 
sion of the influence of strong HCI on the sulfide ion concentration 
which results in the complete solution of CdS. Yet on page 79 it is 
calculated that a concentration of 16 M Ht would be necessary 
to prevent the precipitation of CdS! Most students should know 
that concentrated HCl is only 12 M. But these calculations are 
opposed in spirit to the experimental aspect of the subject; 
equally important, they fail to point out the differences in be- 
havior of HC] and H,SQ,. This is a particular example of a gen- 
eral tendency throughout the book. We should not expect a 
saturated solution of Pb3(PO,): to contain unhydrolyzed PO,~* 
ions as the only species of phosphate present, but this assump- 
tion is implicit in one of the standard problems on page 71. The 
vulnerable nature of some solubility constants can be shown by 
pointing out the factor 10" by which the 8.P. of Pbs(PO,)2, quoted 
in the book exceeds the “‘best’”’ modern value. The region within 
which one can use such constants with any certainty is quite 
narrow. The maturing chemist learns these limits, but current 
texts in qualitative analysis could do much to catalyze his growth 
in knowledge. They would probably come nearer to the truth if 
they were a bit hazier about solubility products of the metallic 
sulfides, and treated the two groups as resembling two galaxies 
whose members are placed with approximate coordinates. Then 
it could be said that, with a few exceptions, the members of each 
galaxy can be kept out of each other’s way. 

The instructor who wants a reliable laboratory manual can 
choose this book with confidence. The very few typographical 
errors of the earlier edition have been virtually eliminated. 


ROBERT EPPLE 
Brown UNIVERSITY 
Provipence, Ruope IsLanp 


* CHEMICAL ENGINEERS’ HANDBOOK 


John H. Perry, Chemical Engineer, E. I. du Pont de Nemours 
and Co., Editor. Third edition. McGraw-Hill Book Co., New 
York, 1950. xv + 1942 pp. 19 X 26 cm. Textbook edition, 
$12.50. 


Onty the title appears familiar on the new edition of the 
“Chemical Engineers’ Handbook.’ The editor and publishers 
realized that the book was a reference volume that was kept on 
the desk or book shelf within easy reach, that the charts and 
curves had to be large enough to be read accurately, and that the 
important advances since the second edition in 1941 had to be 
included. This has been accomplished in the third edition by 
expanding the page size from 12 X 18 cm. to 19 X 26 cm. and 
arranging the descriptive material in two columns. Tables and 
charts can now cover the entire page, and hence numerical values 
can be read from the graphs with sufficient accuracy for engi- 
neering calculations. Editor Perry has been assisted by over 
140 specialists who have prepared the various sections and sub- 
sections relating to their specialty. The sections themselves 
have been critically rearranged with the elimination of several, 
&3 qualitative analysis, organic chemistry, and report writing. 
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These have been replaced by sections on the general theory of 
diffusional operations, furnaces and kilns, and subsections on 
dialysis, size enlargement, multi-component distillation, azeo- 
tropic and extractive distillation, and molecular distillation. 

The new section on the general theory of diffusional operations 
by A. P. Colburn and R. L. Pigford is most welcome and serves 
as an excellent introduction to the following sections on distilla- 
tion and sublimation, gas absorption, solvent extraction and 
dialysis, humidification, drying, and adsorption. 

The libraries serving engineers and the individual chemical 
engineers have long realized how essential the ‘(Chemical Engi- 
neers’ Handbook” is in their work. The chemical library 
should realize that this handbook contains a wealth of chemical 
data arranged for practical use, that it explains the terminology 
and background of the chemical engineering article being read 
by the chemist, and that it explains the translation of chemical 
manipulations, as distillation, filtration, drying, from the labora- 
tory to plant operations. The chemist must know how and why 
the chemical engineer will modify his laboratory steps in ex- 
panding to pilot-plant and plant scale operations. Because so 
much of this information is available in this one place, this 
handbook is recommended for all chemistry libraries. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


e PATENT PRACTICE AND MANAGEMENT 


Robert Calvert, Patent Attorney, New York. Scarsdale Press, 
Box 536, Scarsdale, New York. xi + 371 pp. 7 photographs. 
16 X 24.5cm. $5. 


Tuts beautifully printed book makes an immediate appeal and 
it soon becomes evident that it is as interesting as it is elegant. 
Without making insidious comparisons, we believe that it is 
perhaps the best general account that has been written of Amer- 
ican patent practice. 

The subject is opened by a discussion of what can be patented. 
What can be classed as a “new and useful invention?” The 
great inventions of yesterday were often embodiments of clear- 
cut, unit ideas. Important industrial inventions today are 
likely to be accretions of many minor ideas, each of limited 
patentable novelty. At certain stages the firm’s patent lawyer 
will often question whether the inventor has in fact invented 
anything. Your reviewer’s reply to these incredulities would 
run thus: ‘Have you ever heard of a device like this that oper- 
ated efficiently?” ‘No.’ Well, this one does. Will you please 
patent the difference.” Recognizing and describing the dif- 
ference between the workable and the unworkable is the essence 
of the patentee’s task. 

The author’s next concern is the assignment of correct author- 
ship to an invention, without which the phtent is liable to be held 
invalid. There is a tendency today to conventionalize inventor- 
ship. According to one convention, it is the owner or senior 
employee who gives instructions to the fabricator, who is con- 
sidered to be the inventor. According to another it is the man 
who actually makes the invention, in a physical sense; joint 
inventorship is not in favor. Our own feeling is that when in- 
vention is by accretion most novel ideas are group ideas which 
emerge from a school of thought, and it is as inaccurate as it is 
unfair to select a single individual to adorn the printed patent, 
even though a single member of the group appeared to “exhibit 
the divine spark of genius.” : 

Patents taken out in established industry involve two obliga- 
tions, assignment to the employer and reward to the employee. 
Mr. Calvert shows us that there is very little uniformity of 
practice in either matter, though a standard code of ethics and 
treatment is sorely needed. 

The amateur will find two chapters particularly informative: 
how to draft a patent with its preamble, subject matter, and 
claims, and how to lodge the patent and use the facilities of the 
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patent office. The photographs of the Department of Com- 
merce Building, Washington, where the Patent Office is now 
housed and the picture of Blodgett’s Hotel, circa 1820, where 
the Patent Office started, will give some idea of the impressive 
growth and immense present proportion of this national enter- 
prise. What cannot be conveyed by book or reviewer is the in- 
formality of the great reading room,’ open 14 hours a day to ail 
comers—tramps may sit there indefinitely if they will shuffle a 
few papers—and the friendliness of the examiners. The in- 
veterate patentee, called to Washington for an interference, may 
meet for the first time a courteous official who has had to struggle 
with his applications for a dozen years and is already an old 
friend or a confirmed skeptic. 

We will close this necessarily incomplete review by satisfying 
the reader’s curiosity on the Atom question; Mr. Calvert has 
covered it. Already there is experience and precept in the 
handling of fissionable material and, in the country’s best in- 
terests, patents may not be taken out for: (1) production of 
fissionable material, (2) utilization for energy or military pur- 


ses. 

This book will not be essential to the patent lawyer, although 
it will be useful. It will be indispensable—since it now exists— 
to the executive, and we should like to see a copy on every 
inventor’s desk. Younger men could avoid plagiarism and many 
hurt feelings if they could read frequently what Mr. Calvert 
has to say about authorship of invention. 


K. C. D. HICKMAN 
56 TuHackeray Roap 
Rocuester, New York 


$ PHYSICAL METHODS IN CHEMICAL ANALYSIS. 
VOLUME I 


Edited by Walter G. Berl, Johns Hopkins University, Silver 
Springs, Maryland. Academic Press Inc., Publishers, New York, 
1950. xiii + 664 pp. 234 figs. 65tables. 16 X 24cm. $12. 


Tuts new work is the first part of the projected two-volume set 
being edited by W. G. Berl. The stated objective is ‘‘to describe 
those physical methods that have either proved themselves of 
considerable value in quantitative analytical work or are destined 
to play an important role in the future.” 

The following chapters are included: Absorption Phenomena 
of X-Rays and of y-Rays (15 p.), by G. L. Clark; X-Ray Dif- 
fraction Methods as Applied to Powders and Metals (89 p.), by 
W. L. Davidson; X-Ray Diffraction as Applied to Fibers (59 
p.), by J. A. Howsmon; Electron Diffraction (24 p.), by L. O. 
Brockway; Spectrophotometry and Colorimetry (60 p.), by W. 
R. Brode; Emission Spectrography (77 p.), by J. Sherman; 
Infrared Spectroscopy (71 p.), by H. H. Nielsen and R. A. Oetjen; 
Raman Spectra (17 p.), J. H. Hibben; Polariscopic and Polari- 
metric Examination of Materials by Transmitted Light (58 p.), by 
C. D. West; Refractive Index Measurement (50 p.), by L. W. 
Tilton and J. K. Taylor; Electron Microscopy (51 p.), by R. D. 
Heidenreich; and Mass Spectrometry (52 p.), by H. W. Wash- 
burn. 

In the space allotted it is obvious that each contributor could 
present only a general perspective of his subject, with emphasis 
upon its current status. In the preface the editor carefully de- 
fined the limitation of the presentation as follows: (1) the theo- 
retical basis of the method; (2) the kinds of apparatus and pro- 
cedures used; (3) the general possibilities of application; and (4) 
the selected references (some 900) to supplement the material in- 
cluded. 

Although the reviewer professes to no proficiency in all these 
fields, the stated objectives seem to him to have been adequately 
met. Only an individual intimately familiar with the vast litera- 
ture available for any particular subject is in a position to judge 
critically the quality and the balance of the selections made. 
Anyway, probably no two such “experts” would agree. Diver- 
gence of viewpoint may extend even to nomenclature, as shown 
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by the use of the words spectrophotometry, spectrography, spec- 
troscopy, and spectrometry in four of these chapter titles. 

The reviewer ventures again to succumb to the temptation to 
raise the question of what analysts (and physicists) mean by the 
designation physical method. To him confusion in general 
nomenclature and usage seems widespread. He has convinced 
himself, if no one else, that analytical methods for many multi- 
component materials, such as a granite rock, consist of three 
rather distinct kinds of unit operations. Some, such as fusion, 
dissolution, adjustment of acidity, change of oxidation state, and 
complexation or decomplexation, are frequently necessary pre- 
liminary treatments. Some, such as volatilization, precipitation, 
electrodeposition, and extraction, are separative treatments re- 
quired to isolate the desired constituent(s) for measurement. Up 
to this point all of these items are largely chemical in nature, in 
that they involve more or less material transformation. And 
finally, some are measuring processes. The last group seems to be 
physical, since measurement consists in finding the number of 
times a standard goes into the unknown. From this viewpoint, 
then, gravimetry (weighing) seems just as much physical as is, for 
example, absorptimetry. This volume, along with the projected 
outline for Volume 2, indicates that only part of all such physical 
methods is to be included. e 

As a general evaluation of this work, the presentation in the 
individual chapters is roughly comparable to that for the same 
subject (if included) in Weissberger’s “Physical Methods of 
Organic Chemistry.” Fortunately, there is not the possible im- 
plication of the latter work that the methods are peculiar to 
organic chemistry. 

The reviewer recommends this book for the purpose of which 
it was intended, namely to give a reasonable perspective of the 
contemporary status of the subjects treated. 


M. G. MELLON 
Purpvre UNIVERSITY 
LaFayette, INDIANA 


* TECHNIQUE OF ORGANIC CHEMISTRY, VOL. III 


Edited by Arnold Weissberger, Research Laboratories, East- 
man Kodak, Rochester, New York. Interscience Publishers, Inc., 
New York, 1950. ix + 66l pp. 324 figs. 42tables. 16 x 24 
cm. $10. 


One of the least satisfying experiences of modern research is 
to leap across the chasm of experimental difficulties in several 
jumps. Accordingly, any work which presumes to diminish 
these unpleasantries is worthy of our anxious curiosity. 

This volume ventures to set forth the essential and useful in- 
formation on the subjects of: Heating and cooling, by Richard 
S. Egly, Commercial Solvents Corporation; Mixing, by J. H. 
Rushton, Illinois Institute of Technology, and M. P. Hofmann, 
Troy Engine & Machine Co.; Centrifuging, by H. B. Golding, 
International Equipment Company; Extraction and distribu- 
tion, by Lyman C. Craig, Rockefeller Institute, and David Craig, 
B. F. Goodrich Company; Dialysis and electrodialysis, by R. E. 
Stauffer, Eastman Kodak Company; Crystallization, by R. 8. 
Tipson, Mellon Institute; Filtration, by A. B. Cummins, Johns- 
Manville Corporation; and Solvent removal, evaporation and 
drying, by G. Broughton, Lowell Textile Institute. 

The authors have handled these subjects with unfailing in- 
tellectural zest and have produced a work that richly deserves 
the attention and applause of both the chemist and the chemical 
engineer. A serious effort is made in each section to analyze and 
appraise the physical and mathematical backgrounds of the field 
in order that the results of laboratory experiences may be more 
readily translated into the pilot plant stage of development. As 
a result of this treatment, the subject is viewed in greater depth 
and range than is customary in books of this character. Ac- 
cordingly, this volume will appeal to a large audience and should 
be accorded a generous reception. 


GEORGE HOLMES RICHTER 
Tue Rice InstiTuTe 
Hovsron, Texas 
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Mosr of us have no difficulty remembering the cir- 
cumstances of eight years ago, when the Local Selective 
Service Boards seemed to have no other function than 
to get young men most quickly into Army uniforms. 
People had just about forgotten what “‘selective service” 
meant and were commonly substituting “draft’’ in- 
stead. 

The same general picture is materializing again, with 
what changes we do not as yet know. Fortunately, 
there are indications that we may have learned some- 
thing from the experiences of 1941-45. But people 
have a way of forgetting all that they have learned when 
they are sufficiently scared. And we mustn’t forget 
the “frightened man.” 

At the recent meeting in Chicago, the Board of 
Directors and the Council of the American Chemical 
Society joined in sending a resolution to the President 
of the United States urging that he take steps to imple- 
ment a policy by which the scientific manpower of the 
country shall this time be protected and conserved. 

Not only this resolution but also expressions from 
other agencies close to the government imply that 
machinery for real “selective service’ may be made 
effective for trained scientific and technical workers, 
instead of permitting them to be drawn into active 
military service. Even the Services are coming awake 
and are issuing directives which show appreciation of 
the value of civilian science and production to their 
effectiveness. 

This is sweet music, but it all depends upon who plays 
the tune and, particularly, who leads the band. 

The difference between 1942 and 1950 is, of course, 
that then we were at war; now we are in a national 
crisis—not even a “national emergency” in the technical 
sense of the term. Whatever this may develop into, 
it seems pretty clear that we are in for a long period of 
strain and self-denial. Our present position of world 
leadership is no less compelling and exacting, even 


though we may have been pushed into it without our 
willing consent. 

We do not now face an immediate and urgent military | 
crisis; we can and must take a calmer, longer-range 
view. We must anticipate the possible situation ten, 
fifteen,-twenty years hence. This means that scientific 


and technical training programs must not be destroyed 
or seriously weakened, but must be permitted to make 
their contribution to the national welfare in their 
proper time—the future. The rush of 1942 will be 
fatal if repeated in 1951. 

Another thing. These are matters which concern all 
of us, not merely our hired men in Washington. 


When 


our form of government gets too centralized it will cease 


to be democratic; it hasn’t got quite to that point yet. 
Take a lesson from the good old “town meeting,” 
which still survives in parts of New England. If you 
see something that really needs to be done get it started 
in your own community, don’t wait for Washington to 
“pass a law.”’ If you think’ we should have a program | 
for radiological safety, or protection from “atom bombs”’ 
(since that seems to be the current fad) organize your 
own town. You will be just that far ahead if and when 
a national Office of Civilian Defence finally squeeks into 
action. The American people have long been known 
for their readiness to “take the law into their own 
hands.” This has not been without occasional dis- 
astrous consequences, but our reluctance to let others 
tell us what to do when we think we ourselves know 
better has been the cause of much of our national 
strength—until, in recent times, we seem to be itching 
from the incubus of totalitarianism which has infected 
us from across the seas, the very thing which we now 
find necessary to clean up! If we would think less 
about Washington and more about our own neighbor- 
hoods perhaps everything would improve—even Wash- 
ington. 








A ONE-MAN OPEN HOUSE’ 


To snow a chemical change at the beginning of the 
chemistry course, add water to baking powder in a jar. 
This homely chemical change as an introduction gives 
girls the needed confidence in chemistry from the 
outset. Parallel with this, an interesting physical 
change involves heating a bimetal disc and placing it 
on the hard surface of the desk top while it cools. 
This device, used in automatic control mechanisms, 
clicks when it snaps from concave to convex and jumps. 
The energy can be measured. 

Exhibitions of collections are always interesting to 
students. They like to see different substances, and 
when practical, to handle them. For example, a 
collection of refractory oxides includes fused magnesia, 
zirconia, alumina, beryllia, thoria, and others. A 
collection of carbides includes those of wolfram, silicon, 
and boron. These very hard substances are indeed 
interesting. 

An advance in the ‘‘pass-around” technique can be 
made by enclosing the item, especially if it is fragile, 
friable, or easily soiled, in a transparent plastic box. 
These boxes are mentioned in the advertising columns 
of Tuts JouRNAL from time to time. 

The idea of making demonstration materials take 
an unexpected turn is well worth exploring. What 
piece of aluminum is more interesting than the test- 
tube-like can in which uranium is sealed prior to in- 
serting it in a nuclear reactor? Show small metal 
containers for compressed carbon dioxide when studying 
this gas. The contents of these capsules are used to 
carbonate beverages, inflate life-rafts, and to propel 
toy jet racing cars. Also, hang some old lace around 
the arsenic bottle! 

A surprisingly large number of samples of ores and 
of manufactured products can be obtained from the 
students, once they realize the instructor receives 
samples kindly. A collection of items from sources 
near at home lends interest to the teaching of their 
chemistry. 

One of the major oil companies has an oil available 
that is designed to be used in machine shops as a cutting 
oil when mixed with water. A sample of this oil with 
water 1 to 10 or even 1 to 50 and shaken together shows 
a permanent emulsion quickly and in a startling manner. 
Oil and water do mix very successfully, giving a product 
with the lubricating properties of oil and the cooling 
qualities of water. 

Film-strips are available today in chemistry on a 





1A portion of a group of lecture-table demonstrations pre- 
sented before the Northeastern Section of the American Chemi- 
cal Society, April 11, 1950. 


ELBERT C. WEAVER 
Phillips Academy, Andover, Massachusetts 


variety of topics. They can be projected quickly, held 
for whatever time the audience wishes, and are espe- 
cially useful in developing concepts. They extend the 
scope of the chemistry student’s experience, for they 
bring pictures to the classroom that cannot be done as 
well by any other means. Those shown included pic- 
tures from within a mine, and also drawings showing 
the development of the periodic table as a three- 
dimensional project. Safety in the laboratory, struc- 
ture of the atom, and a wide variety of topics can be 
presented by these means. 

Oxygen can be generated by the action of 6 per cent 
hydrogen peroxide (now available at chain stores for 
the same price as 3 per cent) on dried yeast, an enzyme 
action. Hydrogen from calcium and water is preferable 
in some ways to hydrogen from sodium and water 
because it is less hazardous and the resulting calcium 
hydroxide is visible, in contrast to the soluble and in- 
visible sodium hydroxide. Still better, use calcium 
hydride tablets which deliver a prodigious volume of 
hydrogen for their weight when water is put with them 
in a generator. 

Aluminum sulfide is ideal for a convincing demon- 
stration of hydrolysis. Simply pass the closed bottle 
of the compound around the room. Students can 
sniff the hydrogen sulfide around the stopper. Alumi- 
num sulfide can be made by the interaction of aluminum 
with galena. Treating this compound with water is a 
convenient way to generate a small quantity of hy- 
drogen sulfide. Then pass the gas into arsenic chloride 
solution and write the equation on the blackboard, 
using yellow chalk for writing the As,S; precipitate. 

Mineral separations can be shown as permanent 
exhibits in sealed tall jars. Coal floats but slate sinks 
in concentrated zinc chloride solution. Powdered 
sulfide ore sticks to froth but gangue sinks—or some- 
times the reverse, depending upon the ore and the 
flotation agent. Organic reagents such as halogenated 
hydrocarbons may be used for density separations also. 

The simplest electroscope, one that is completely 
visible and never gets out of order, consists of two long 
strips of paper. Hold them together at one end and 
run the fingers of the other hand quickly down the 
entire length. The “‘leaves’’ now diverge and perform 
in conventional manner. Here is an introduction to 
electronics that uses the simplest of materials at no 
cost. 

Show by a litmus test that aluminum sulfate solution 
is a strong acid by hydrolysis: 


Al+++ + 2H,0 — H;,O+ + AIOHt++ 
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Have ready a saturated solution of aluminum sulfate 
(commercial grade) and a saturated solution of sodium 
hydrogen carbonate (common baking soda) to which a 
water extract of licorice stick candy has been added. 
Now start a small gasoline fire in an evaporating 
dish. Show that water poured into the dish has little 
if any effect. Then mix the two solutions in a huge 
beaker and pour the resulting stiff foam over the 
fire. 

Show also the dry chemical fire extinguisher. This 
powder is very finely divided sodium hydrogen car- 
bonate dusted with other substances to prevent its 
forming lumps. As a result, the powder flows almost 
like a liquid, resembling lycopodium. 

It may be shown that exhaled air still contains oxygen 
by inserting a lighted match in the mouth and drawing 
it out again, still lighted. 

When copper chips are put into boiling concentrated 
sulfuric acid, a blue solution is formed at first with the 
evolution of sulfur dioxide. Soon afterward the solu- 
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tion becomes colorless and a white precipitate is formed. 
If the acid is poured off and water added carefully to 
the precipitate, the blue color is regained. This experi- 
ment is convincing evidence that the copper ion must 
be hydrated to show its familiar blue color. Of course, 
the dehydrating action of the acid and the preparation 
of sulfur dioxide are useful bits of by-product informa- 
tion. 

From England we learn that an investigator, aware 
of the effect of heating powdered iron and sulfur to- 
gether, and of the more exothermic action of a mixture 
of powdered zinc and sulfur, tried heating a mixture of 
powdered magnesium and sulfur. The mixture was 
placed in a test tube over a lighted Bunsen burner in a 
hood while the experimenter walked away rapidly. 
Within five seconds a forceful explosion wrecked the 
apparatus and damaged the fume hood, chunks of glass 
pursuing the experimeter. Fortunately, no one was 
injured. The conclusion was drawn that the reaction 
was too violent for lecture table demonstration! 





A NEW APPROACH TO THE PREPARATION OF OBJECTIVE TESTS 


THE cooperative objective unit tests in organic chem- 
istry, in their present form, are the result of fifteen 
years of experience in the compilation and use of tests 
of this general type. It is now believed, accordingly, 
that these tests: (1) measure the relative achievement 
of the students in any course in organic chemistry, (2) 
provoke thinking, (3) stimulate reasoning, (4) have a 
broader coverage than an ordinary essay type of ex- 
amination, (5) conserve classroom testing time, (6) save 
grading time, (7) permit the instructor to use his time 
and energy other than on the preparation of tests, (8) 
combine the experience of others in the construction of 
tests of this type, and (9) serve as a teaching as well asa 
testing service. In the form used in the current series 
an I. B. M. answer strip is an integral part of each unit, 
thus permitting of both economical and rapid grading 
by use of either a mechanical key or an International 
Business Machine. 

In the earlier series, grading by use of an I. B. M. 
machine required the use of an I. B. M. answer sheet. 
This is expensive, for these sheets cost about one cent 
each, and it is inconvenient in that the answer spaces 
are not directly opposite the questions. Experience 
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Armour Research Foundation, Illinois Institute of Technology, 
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Pile So. 9. Acid Derivatives 


A. Indicate correct ~~ + -1- roel 
171, Acid 
(3) R.CHBr .COgH, a z eaCondes 
172. Iscamyl acetate(1) has « fruity a r- ) ts saponified by NaOH, 
(3) occurs in nature, (4) occurs in fats, (5) 40 isomerié with 
ethyl valerate, 








mt) ‘aarened (2) R.CO.Mie, 


. Aoyl halides weal pe co )-X) (1) are ecetylating agents, (2) are func- 
tional 11 or ketones, (3) 
are less pono than | the corresponding alkyl nalsaes, (a) ere 
pleasant-smelling, colored liquids, (5) react readily with vater. 

. pene edie ypryedh cn eve (1) occur in nature, (2) nig — pnd the 
replacement of a hydroxyl group of an acid by a » (3) are used 
in making soap, (4) are e useless by-product in Pateasnrteohnes 
of glyceryl esters, 





(5) possess definite melting points. 





B. Preparation of ee 
175. R.CO.C1, by 


176. (R.CO)20, by 


178. CH(0.CHs . 
‘hts. ecid chlorides, are 


180, sodium acetate, are 





Cooperative Objective Unit Test Strip 


over the years has indicated that a separate answer 
sheet causes confusion on the part of the students and 
results in the misplacement of some answers on the 
answer sheet. 

In a later development, the questions have been 
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mimeographed on an I. B. M. sheet, with the answer 
strip along the right-hand margin. Such a procedure 
is satisfactory except that it is frequently difficult to fit 
the question to the corresponding space on the answer 
sheet, and the I. B. M. strip sheets prepared for this 
purpose are also expensive. 

The latest development involves printing an I. B. M. 
answer strip along the right-hand margin of the sheet 
at the same time the tests are printed. This requires 
the use of a good quality of paper, a precision job of 
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both printing and trimming, and the printing of a suf- 
ficiently large number of tests to justify the extra 
precision required for a printing job of this type. By 
the preparation of about 3500 such tests for the 1949-50 
Cooperative Objective Unit Test Series in Organic 
Chemistry, it was possible to distribute the completed 
tests, consisting of twenty multiple choice items, at 
less than one cent each. 

A reduced strip of such a test is indicated in the ac- 
companying illustration. 





» ORGANIC SYNTHESES ILLUSTRATING SEALED 
TUBE TECHNIQUES 


Recentiy our graduate course in Organic Syntheses 
was converted to a new course, Laboratory Techniques 
in Organic Chemistry. The objective is to teach the 
theory and practice of the important laboratory opera- 
tions, such as fractional distillation, fractional crystalli- 
zation, adsorption, etc., in order to prepare the new 
graduate student for research work either on a doctoral 
thesis or in a commercial laboratory, if his training 
ends with the master’s degree. This has required the 
selection and preparation of a whole group of new ex- 
periments, since conventional laboratory manuals em- 
phasize organic preparations rather than technique. 

Among the experiments that were somewhat difficult 
to devise were those illustrating various types of pres- 
sure reaction vessels such as sealed glass tubes, pressure 
bottles, and high-pressure bombs. To provide practice 
in the use of sealed tubes of the Carius type, two small- 
scale organic syntheses were adapted from research 
work done in this laboratory and from the literature. 
In the belief that these directions would be of value to 
other instructors who are organizing similar courses, we 
are reporting these preparations here. 

In the first experiment p,p’-dichlorobenzil is made 
from 1,1- di - (p-chloropheny)) - 2,2,2 - trichloroethane 
(DDT) in three steps. In the last step a hydrolysis 
run at 190—-200° is carried out in a sealed tube. The 
second synthesis yields hexaphenylbenzene via the 
condensation of tetraphenylcyclopentadienone (tetra- 
cyclone) and stilbene at 250° in a sealed tube. Only 
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moderate pressures are developed in these experiments, 
and no tube has exploded in the course of about twenty 
runs. 

First, the laboratory instructor demonstrates the 
cleaning, loading, sealing, and opening of a Pyrex Carius 
tube, 18 by 25 by 600 mm. (Corning 8620, FOQOE).' 
Each student practices sealing and opening until the 
instructor is satisfied that he is ready to go on. In the 
first preparation detailed directions for this operation 
are given, but these are not repeated in the second. 


p,p’-DICHLOROBENZIL 


In the first of three steps 1,1-di-(p-chloropheny])-2,2,- 
2-trichloroethane is photochemically chlorinated to 
give _1,1-di(p-chloropheny])-1,2,2,2-tetrachloroethane 
(1); this is isomerized to 1,2-di-(p-chloropheny])-1,1,2,2- 
tetrachloroethane (2), which is then hydrolyzed to p,p’- 
dichlorobenzil (2): 


(p-ClCsH,),CH—CCl; + Ch — (p-ClCsH,)xCC]I—CCl,; + HCl 
(p-ClC¢H4)2CCI—CCl; — (p-ClCsH,)Clh.C—CCh(CeH,Cl-p) 


(p-CIC6H,)Clh,C—CCl.(CeH,Cl-p) + 2H:0 —> 
milanaee sa BT tenner + 4HC} 





1 Directions for these operations are given in H. L. Fiscusr, 
“Laboratory Manual of Organic Chemistry,” John Wiley & 
Sons, Inc., New York, 1938, p. 124. L. Garrermann anp H. 
Wre.anp, “Laboratory Methods of Organic Chemistry,” The 
Macmillan Company, New York, 1937, p. 69. 
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Prepare a solution of 5 g. of DDT (Hercules Powder 
aerosol-grade, m. p. 103-105°) in 30 ml. of carbon 
tetrachloride, add 0.2 ml. (2 drops) of phosphorus tri- 
chloride (a chlorination catalyst), and place this solu- 
tion in the chlorination apparatus (Wilkens-Anderson 
4764-CE-1) under the hood. Place a 150-watt bulb 
about 8 to 10 inches from the solution and heat the 
flask by means of a water bath to about 65°. Connect 
the chlorine tank to a trap and carefully open the tank 
by first opening the main valve and then the needle 
valve until a slow flow of gas comes from the trap. 
Then connect the trap to the dispersing tube and ad- 
just the needle valve so that chlorine bubbles through 
the solution at a moderate rate. The valve is never 
opened when the tank is connected to an apparatus 
because a sudden surge of gas may break it. The pur- 
pose of the trap is to catch any liquid which may suck 
back. Pass the gas into the gently refluxing mixture 
for one hour. If there is visible loss of solvent, stop the 
chlorination and replace it. Before shutting the tank 
off, disconnect the trap from the apparatus. 

Transfer the mixture to an evaporating dish, heat on 
the steam bath until the solvent is removed, and crys- 
tallize the residue from 95 per cent alcohol with about 
0.1 g. of Norit. The pure tetrachloride melts at 91- 
92°. Report the yield, per cent yield, and melting 
point. 

For the isomerization, the tetrachloride is placed in a 
test tube with a thermometer and heated carefully until 
the molten mixture reaches a temperature of 160°. 
Remove from the burner, immediately add an amount of 
anhydrous ferric chloride powder (catalyst) the size of 
a pin-head, and stir slowly with the thermometer. 
Avoid excess ferric chloride and be sure it has not been 
exposed to air any longer than necessary ; it is extremely 
hygroscopic. The melt will become dark blue-green 
and there may be a rise in temperature. Quickly cool 
the tube in ice and water. Pulverize the solid product 
under about 10 ml. of hot carbon tetrachloride, cool, 
and filter. Crystallize the solid from carbon tetra- 
chloride in the usual way. The pure symmetrical 
tetrachloride melts at 193-194°. Report the yield, 
per cent yield, and melting point. 





the oxygen tank, and the sealing and opening of a Carius 
tube. After making satisfactory practice seals, obtain 
a new tube, clean and dry it, and place in it 1 g. of the 
tetrachloride and a soluticn of 40 ml. of glacial acetic 
acid, 9 ml. of water, and 1 ml. of concentrated sulfuric 
acid. It is important to introduce the materials with- 
out leaving any on the walls of the tube within 6 to8 
inches of the open end. Otherwise, a good seal cannot 
be made because the glass will become contaminated 
with carbon particles. Place the tube in its metal 
protective jacket, place in an oil bath (made from a one- 
gallon square can with a hole cut in the top and filled 
with cottonseed oil), and heat the bath on an electric 
hot plate at 190-200° for 24 hours, behind a shatter- 
proof glass screen. Allow the oil bath to cool to room 
temperature and carry the metal tube with the open 
end pointed away from you over to the blast lamp. 
Be sure to wear glasses. Do not handle the tube while 
warm. Tilt the tube toward the burner and, by means 
of a metal rod in the hole in the bottom of the jacket, 
push about 1.5 inches of the Carius tube into the open 
and heat it near the tip until the glass softens. If 
there is any pressure in the tube, it will blow a small 
hole in the heated area. If there is no pressure, the 
seal will remain intact. After this step it is safe to re- 
move the tube, file a scratch just below the seal, open 
the tube, and transfer the mixture to a small Biichner 
funnel. (Ordinarily, no pressure will be found in the 
tubes in this experiment, but it is exceedingly hazardous 
to omit this test for pressure.) Wash the yellow solid 
product well with water, dry, and crystallize once from 
a mixture of carbon tetrachloride (good solvent) and 
absolute ethanol (poor solvent). Pure p,p’-dichloro- 
benzil melts at 198-199°. Report the yield, melting 
point, and hand in the product. Also, hand in any sur- 
plus 1,2-di-(p-chloropheny])-1,1,2,2-tetrachloroethane. 


HEXAPHENYLBENZENE 


Hexaphenylbenzene is made by the condensation of 
tetraphenylcyclopentadienone (tetracyclone) with stil- 
bene followed by elimination of the endocarbonyl group 
and dehydrogenation of the hexaphenyldihydrobenzene 
with bromine:? 
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The hydrolysis of this tetrachloride to the benzil is 
very slow, even in refluxing aqueous acid solution. To 
obtain a higher temperature, and thus a greater rate of 
hydrolysis, the reaction is run in a sealed tube at 190- 
200°. The instructor will demonstrate the use of the 
gas-oxygen blast lamp, the pressure reducing valve on 





? This preparation was developed by Dr. Ralph Stickle, Car- 
bide and Carbon Chemicals Corp., South Charleston, West 
Virginia, and Dr. Robert Vance, Sherwin-Williams Co., Chicago, 
Illinois from an example given by W. Dilthey in German Pat- 
ent No. 631,854, July 4, 1936, and from the preparation of tetra- 
phenylphthalic anhydride (Grummitt, O., Org. Syn., 23, 93 
(1943)). 
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A finely powdered mixture of 3.6 g. of tetracyclone 
(3) and 2.5 g. of stilbene (Eastman Kodak, m. p. 121- 
122°) is heated in a sealed Carius tube at 250° (in the 
electric Carius furnace) for eight hours. The crude 
product, 5.7 g. melting at 120—160°, is extracted with 
140 ml. of 95 per cent ethanol by boiling the mixture, 
cooling, and filtering. This removal of unreacted 
tetracyclone and stilbene leaves 4.6 g., 91.5 per cent 
of the theoretical yield, melting at 170-174°. Addi- 
tional extractions will raise the melting point of the 
hexaphenyldihydrobenzene to 179.5-180.0°.* 

To a solution of 1.0 g. of hexaphenyldihydrobenzene 
in 10 ml. of bromobenzene is added, a solution of 0.6 g. 





3 This melting point checks Dilthey’s value given in German 
Patent No. 631,854. Since a quantitative analysis was not given, 
the 179.5-180.0° product was analyzed. Calcd. for CaHy: C, 
93.99; H, 6.01. Found: C, 94.27; H, 5.61. 
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of bromine in 20 ml. of bromobenzene. After refluxing 
under the hood for three hours, during which time hy- 
drogen bromide is evolved, the mixture is cooled to 0 to 
10°, filtered, and the crude product washed with sev- 
eral portions of 95 per cent ethanol. Report the yield, 
per cent yield, and melting point. The high melting 
range of this product, 421-425°, requires the use of a 
metal block type of melting-point apparatus and a 
thermocouple. Pure hexaphenylbenzene melts at 425- 
426°(4). It is insoluble in most organic liquids, but it 
can be crystallized from nitrobenzene. 
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ARNOLD EUCKEN 


Anon Tuomas EvuckeEn, one of the leading physical 
chemists of our time, was born at Jena, on July 3, 1884. 
His father, Rudolf C. Eucken (1846-1926), was pro- 
fessor of philosophy and recipient of the 1908 Nobel 


prize for literature. One of the maternal great grand- 
fathers was the physicist Thomas Seebeck (1770—- 
1831), renowned as the discoverer of thermoelectricity. 

No particular branch of science attracted the boy 
during his years at the humanistic Gymnasium in Jena. 
He had a love for the outdoors, and his normal youthful 
urge for collecting turned to butterflies, rare orchidaceae, 
etc. Later, he became interested in the local bird life, 
while exotic birds were raised on a fairly large scale at 
home. As a grown man, this love of nature led him to 
become an enthusiastic mountain climber. 

After graduation (1902) he entered the University of 
Kiel. His decision to become a physical chemist 
eventually was due in large measure to Heinrich Biltz, 
whose inorganic laboratory course, in contrast to those 
given in most other universities, was based almost 
entirely on the newer achievements of physical chem- 
istry, particularly the Arrhenius theory of ionic dissocia- 
tion. The lecture and laboratory work in physics was 
conducted by Ph. Lenard. Transferring to Jena, 
Eucken was permanently impressed by the personality 
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of Ludwig Knorr (1859-1921), the organic chemist 
The instruction in mathematics was also excellent 
In 1905 he enrolled at the University of Berlin, where 
he worked in the Institut directed by Nernst. The 
doctorate thesis bore the title ‘The stationary state 
between polarized hydrogen electrodes.’’ The oral 
examination (1906) was rated “summa cum laude’’; 
it was taken while the candidate was fulfilling his year 
of military training. In 1908 Dr. Eucken returned to 
Berlin as assistant under Nernst; he worked in the 
fields of electrochemistry and heat theory. The 
habilitation as Privatdozent in 1911 was under the 
sponsorship of Nernst and Emil Fischer; the disserta- 
tion was entitled ‘‘The temperature dependence of the 
heat conductivity of solid nonmetals.” In 1913 he was 
appointed section chief of the physical chemical labora- 
tory of the University of Berlin. 

During World War I Dr. Eucken served both in the 
field and the laboratory; his talents were utilized on 
various scientific problems. Though he was called to 
head the department at the Technische Hochschule 
in Breslau as early as 1915, he could not enter on these 
duties and responsibilities until January, 1919, 7. e., 
after the demobilization. He came to his present high 
position, Director of the Institut fiir Physikalische 
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Chemie at the University of Géttingen, in 1930, where 
his immediate predecessor was Gustav Tamman (1861- 
1938), who in turn had succeeded Walter Nernst 
(1864-1941). 

Electrochemical topics engaged Professor Eucken’s 
special attention in 1907 and 1908. Beginning in 1909 
he dealt especially with heat theory, and carried out 
particularly a series of measurements of specific heats 
at low temperatures. The method which is still used 
for such determinations was worked out by Eucken at 
the suggestion of Nernst (1909). A study (1912) of 
the specific heat of gaseous hydrogen at low tempera- 
tures attracted considerable attention; for the first 
time the decrease of the specific heat of this gas to the 
value holding for mono-atomic gases was followed quan- 
titatively. In another study (with F. Schwers) the 
so-called T*-law for change of specific heat of solids at 
low temperatures, that had been derived theoretically 
by Debye, was experimentally verified for the first 
time. After World War I Professor Eucken’s most 
important researches dealt with an intensive experi- 
mental study of the question as to whether and to what 
extent the Nernst heat theorem may be regarded as 
holding rigidly under all conditions. The finding that 
this is not true in all cases led to a series of further 
studies designed to explore the heat motion in solids; 
the study stressed materials whose molecules are capable 
of rotation in the solid state. Another set of researches 
was devoted to the thermal conductivity of solids 
(metals and nonmetals). Even in his habilitation essay 
published in 1911, he had reported the discovery of 
the 1/T-law, which is characteristic of nonmetallic 
crystals. Precision measurements to determine the 
specific heat of gases were carried on from about 1928. 
The most important result was the detection of the 
difference in the specific heat of ortho- and para-hydro- 
gen, as demanded by the quantum theory. The ob- 
jective of still other studies was primarily to determine 
whether the Planck-Einstein formulas for calculating 
the specific heat of gases are correct, a point which at 
that time could by no means be taken as established. 
Studies of heavy water constituted another field of 
researches. These investigations in the Géttingen 
laboratory were made with the collaboration especially 
of Clusius and Bartholomé. 

More recently, Professor Eucken has turned to re- 
action kinetics. The question of energy exchange be- 
tween gas molecules seemed to be of importance for 
some of these problems, and studies of the dispersion 
of sound in the ultrasonic region were undertaken to 
clear up some of the points. These led to remarkable 
results in so far as it was found that the exchange of the 
vibrational energy is facilitated by a certain chemical 
affinity of the colliding participants. Interfacial phe- 
nomena, especially gas adsorption, has claimed his active 
interest since 1914. From 1940 on, contact catalysis 
was an important field of research in his laboratory. 
Several recent (since 1946) studies have dealt with the 
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configuration of associated liquids (water in particular) 
and related problems, such as the ion hydration in 
aqueous solutions. An adequate view of his extensive 
research interests can best be obtained by consulting 
the Collective Indexes of Chemical Abstracts. 

Professor Eucken has long been concerned with the 
important question as to the most fruitful method of 
bringing about a closer collaboration between the repre- 
sentatives of pure (theoretical) science and those of the 
applied (practical) branches. To this end some of the 
researches in his laboratory were planned primarily 
with practical objectives, and their successful outcome 
was made possible solely through the aids of modern 
science. His efforts to knit more closely the ties 
between science and technology, 7. e., theory and prac- 
tice, met with approbation, especially within the Vereins 
deutscher Ingenieure, which for a time made him the 
chairman of a professional committee, whose special 
task was to further a better theoretical exploration of 
the production processes used in German industry. 

The fruits of Professor Eucken’s reseaches are set 
down in numerous papers, principally in the Zeitschrift 
fir physikalische Chemie. His literary output has been 
extensive, both as an independent author and also as 
collaborator and editor in collective volumes and sets. 
Much of his writing has been motivated by the desire 
to combat the progressive specialization of study that 
is producing a regrettable disintegration of the whole 
science into numerous narrow disciplines. He feels 
that the basic idea of a university can be realized better, 
at least with respect to the wider divisions of the 
sciences, by broadening his own field of view and en- 
deavor. 

His books include: ‘Grundriss der physikalischen 
Chemie” (7th edition, 1948); ‘Lehrbuch der chemischen 
Physik” (3rd edition, 1949); ‘Physikalisch-chemische 
Praktikumsaufgaben”’ (in collaboration with R. Suhr- 
mann, 2nd edition, 1949). He has served as collabora- 
tor in the Wien-Harms, ‘Handbuch der Experimental- 
physik” (1929); Miiller-Pouillet, “Lehrbuch der Phy- 
sik” (11th edition, 1925-34); “Hand- und Jahrbuch der 
chemische Physik’ (from 1931 on); ‘Der Chemie- 
Ingenieur”’ (1935-40); Landolt-Bérnstein, ‘“Physi- 
kalisch-chemische Tabellen’” (6th edition in prepara- 
tion under his editorship). He has been on the 
editorial staff of: Fortschritte der Chemie, Physik und 
physikalischen Chemie (vols. 18-21), and Die Natur- 
wissenschaften (since 1946). 

Professor Eucken’s achievements have brought him 
the Arrhenius Prize of the University of Leipzig (1932) ; 
the Cannizzaro Prize of Royal Senate in Madrid (1941); 
and the Bunsen Medal of the Bunsen-gesellschaft 
(1944). He is a’ member of numerous academies and 
holds honorary memberships and degrees in well- 
deserved measure. 

(Editor’s note. 


Since this article was written, we have 
received news of the sudden death of Arnold Eucken 
on June 16, 1950.) 








FUNCTION OF THE LECTURE DEMONSTRATION 
IN SCIENCE EDUCATION 


No sarisractory substitute for first-hand observa- 
tion of phenomena has yet been developed in science 
education, nor is one likely to be found. Science cannot 
be presented as a living and growing body of knowledge 
without constant referral to its highest court, the labora- 
tory. Individual laboratory work, furnishing ideal 
contact of student with phenomena, is indispensable; 
situations arise, however, in which lecture-table experi- 
mentation has the advantage of immediacy and rele- 
vance to a topic under discussion. This paper proposes 
to inquire into possible criteria for selection or design of 
lecture experiments to serve the modern first-year col- 
lege course in chemistry. 

Since the aims of the course itself necessarily shape 
those of the lecture experiment, consideration may be 
given to those aims which are least disputed, although 
considerable difference of opinion exists as to the man- 
ner of achieving them. The principal aim is that of 
exhibiting the mechanism of the scientific method so 


effectively that understanding results, not only of its 
modus operandi, but also of its aspirations and possible 


limitations. A secondary aim for the majority of 
students is to furnish groundwork for future specializa- 
tion. For either objective the amassing of isolated bits 
of factual information is inappropriate. 

Although general agreement exists as to the worthi- 
ness of the aims stated above, examination of the litera- 
ture discloses a disappointingly tenuous relationship of 
lecture experiments to the aims. Instead, the following 
extraneous aims appear to be implied. 

1. To entertain the demonstrator and, possibly, the 
onlookers. The fluorescent flowers in a gaseous dis- 
charge tube presumably perform this function, as do ex- 
plosions, smokes, and smells. 

2. To reduce the expense attendant upon individual 
laboratory work. 

3. Toavoid the inefficiency of student manipulation. 
It is debatable whether improved efficiency compen- 
sates for the loss of opportunity to experience at first 
hand the “innate cussedness of matter’? which is so 
essential a component of the scientist’s battle. 

4. To simplify the understanding of concepts by 
substituting mechanical models for the concepts them- 
selves. The danger inherent in this kind of simplifica- 
tion is illustrated by the statement of one bemused 
student; ‘Hydrogen is a white cube with one hook; 
oxygen is a blue cube with two hooks. Water can be 
prepared, therefore, by hooking two white blocks to a 
blue block.”’ 


WILLIAM HERED 
Calumet Center, Indiana University, East Chicago, 
Indiana 


Also implied in the literature is a far more defensible 
aim, that of bringing to life the phenomena which are in- 
volved in the evolution of a principle or theory. Here 
the lecture experiment performs its highest instruc- 
tional service, for the phenomena of chemistry are 
rarely as intuitive a part of human experience as are 
those of méchanics, for example, and must be presented 
as part of the logical structure being erected. 

With the acceptance of this function as the primary 
aim of lecture experimentation, the criteria for selection 
or design become clarified considerably. The experi- 
ment must adhere to the tenets of scientific inquiry, 
partaking of the objectivity and rigor of the method to 
as high a degree as possible. In such adherence the lec- 
ture experiment can make a contribution, not obtain- 
able otherwise, to the central theme of instruction. 
Some of the desiderata may now be examined. 

In the first place the operations involved should be 
transparent enough so that very few assumptions need 
be made. The procedure should require only a mini- 
mum of explanation by the lecturer. Apparatus of the 
push-button variety, in which practically all of the 
equipment is hidden from view, is to be shunned. 
Measurements should be direct and involve familiar in- 
struments, meters and gages being omitted in favor of 
possible cruder but more obvious instruments. Solu- 
tions should be prepared in full view of the audience 
whenever possible. 

Secondly, the procedure must be such that con- 
clusions can be drawn by the student himself, the lec- 
turer acting merely as moderator. In this way the 
climate is rendered suitable for original thought. 
Fruitful discussion concerning sources of error, implicit 
assumptions, limitations of interpretation, and ques- 
tions of methodology, is thereby encouraged. 

Thirdly, the phenomena must be _ represented 
honestly. The temptation to simplify or to stretch the 
facts has led many a demonstrator to “Trig’’ up false 
situations. One instance involves the well-known ferri- 
thiocyanate equilibrium. That the equilibrium is not 
among ferric ions, thiocyanate ions, and ferric thio- 
cyanate molecules has long been realized. Yet this dis- 
carded interpretation is frequently used because it is 
“simpler,” though it necessitates the exclusion of certain 
effects which are not explicable on this basis. 

The experiments described below illustrate how these 
criteria may be applied to specific situations. 

Rate of Reaction—The Iodiné Clock (1). Solutions of 
potassium iodate and acidified sodium sulfite are mixed, 
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and the time required for the blue starch-iodine color to 
develop is determined. The sudden appearance of the 
blue complex is one of the most startling phenomena in 
chemistry, and yet it might just as well be a sudden 
ringing of a bell or a deflection of a galvanometer needle 
for all the relevance it has to measurement of a rate. 
Only the completion of the first in a series of reactions is 
indicated; the progress of any one reaction is im- 
possible to follow. Aside from the doubtful value of in- 
ferring a rate from data on completion time, this ex- 
periment is defective in requiring either an involved ex- 
planation of the accepted mechanism or the usual 
simplified but invalid interpretation. 

Rate of Reaction by Gas Evolution. The rate of evolu- 
tion of hydrogen from an acid and active metal under 
varying conditions is estimated from the expansion of 
balloons attached to the reaction flasks. Although not 
well suited to quantitative investigation, this experi- 
ment is elegant in that it requires practically no assump- 
tions and permits the progress of a reaction to be fol- 
lowed continuously. 


Chemical Equilibrium (2). Lecturer and assistant, 


working at cross-purposes, dip water from one of two 
large dishes into the other. Equilibrium is considered 
to be attained when the water levels in the dishes re- 
main constant. Differing reaction rates are simulated by 
the use of dippers of differing sizes. In the words of the 
author, “This experiment enables the student to see what, 
in the ordinary equilibrium reaction, he must imagine or 


visualize.” This statement is difficult to reconcile with 
the implications of the operations performed. The 
student observes a model and not its referent; his 
attendant difficulty in translating from model to 
actuality is likely to be even greater than visualizing 
molecular kinetics from blackboard exposition. More- 
over, a number of odd interpretations may occur to the 
student; for instance, that reaction occurs in a discon- 
tinuous manner on the macro scale, or that conservation 
of mass does not apply to systems in equilibrium. 
Mean Free Path (3). Two flasks, one containing a 
small amount of crystalline iodine, are joined by a 
narrow tube. On warming at ordinary pressures, the 
sublimate collects fairly evenly on all surfaces. As the 
system is evacuated, the sublimate concentrates di- 
rectly opposite the connecting tube in the receiving 
flasks. The demonstration is direct and to the point; 
little explanation is needed for full comprehension. 
Relative Activity of Metals. Samples of copper and 
zinc are exhibited, and then dissolved separately in 
acid, excess acid being neutralized. After the opera- 
tional definition of relative activity has been reviewed, 
metallic copper is dipped into the solution of zinc ion 
and metallic zinc is dipped into the copper ion solution. 
The identity of the deposit is established. A feeling for 
the concept “relative activity’’ and for the operational 
character of some scientific definitions is assisted by this 
procedure. ‘ 
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The Gas Laws (4). The apparatus consists of a side- 
arm flask equipped with a barometer tube, thermometer, 
air inlet, and separatory funnel, all contained in a large 
beaker fitted with a second thermometer. The laws of 
Boyle and Charles are derived from data obtained by 
suitable manipulation of the apparatus. Although the 
results reported are quite satisfactory, the complexity 
of the equipment is unfortunate. Less distraction 
would result from the use of separate pieces of ap- 
paratus, even though precision is lessened. 

The Law of Conservation of Mass. Two solutions con- 
tained in separate open vials are placed in a flask which 
is then sealed and weighed. After reaction is induced by 
mixing the two solutions, the flask is reweighed. The 
fact that no change in mass is found is hardly surprising, 
considering the conditions of the experiment. A precise 
balance would show a change due to water adsorption, 
etc. When the exactness of a law is the point at issue, 
lecture demonstrations of the law are doomed to failure. 
Instruments of the lecture-table variety are incapable of 
distinguishing between the “exact laws’’ and those laws 
which are merely a fairly precise description of nature. 
It is fundamentally wrong to give students the impres- 
sion that “exactness” can be illustrated by approximate 
methods. 

Adsorption and Desorption (5). Natural gas is passed 
through a solution of boric acid in methanol, and then 
through separate ducts to two burners. One path is 
through an adsorbent. The green flame color is ob- 
served only for one burner. After saturation of the ad- 
sorbent, both flames are green. When pure methanol 
is substituted for the boric acid-methanol solution, the 
gas passing through the adsorbent yields a green flame; 
the other flame is colorless. The student is quite capa- 
ble of drawing valid inferences in so simple a situation. 
A further virtue of the demonstration lies in its use of a 
control. 

The literature is replete with excellent suggestions for 
lecture experiments. Unfortunately, many time-hon- 
ored demonstrations are seen to be faulty on critical 
examination. It is hoped that this paper will stimulate 
further discussion of ways and means of implementing 
the conviction of most science hers that experi- 
mentation, when used with proper regard for course 
objectives, is an indispensable ingredient of science 
education. 
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CONDUCTANCE IN LIQUIDS AND PLASTICS’ 


For the sake of clarity, this review will begin with 
the enumeration of a variety of systems which will be 
excluded from further consideration here, although 
they come within the literal scope of the title. Mer- 
cury, liquid alloys, and metallic melts conduct elec- 
tronically, and we shall discuss only ionic conduct- 
ance. Only one pure liquid is known which conducts 
electrolytically; water can react with itself to give 
hydrogen and hydroxyl ions. All other liquids investi- 
gated give steadily higher resistances, as greater care is 
taken in their purification, and we are led to ascribe the 
observed conductance of most liquids to the presence 
of traces of electrolytic impurities. Some cases, how- 
ever, are known where mixtures of two nonconducting 
liquids (for example, mixtures of organic acids (1) with 
esters, acids, and ketones, or of ether (2) and bromine) 
are conducting; the evidence available indicates that 
compounds are formed which then dissociate into ions. 
Fused salts represent another large class of conducting 
liquids which limitations of time force us to omit. 
Finally, conductance in glasses cannot be included here, 
despite the voluminous literature on the subject and 
their importance as practical dielectrics. The purpose 
of this paper will then be to present a summary of the 
accepted theories of electrolytic behavior in systems 
which are obtained when electrolytes are dissolved in 
ordinary liquids, and to point out some of the problems 
which have not yet been solved. Conductance in 
plastics belongs in the latter category. 

Electrolytes are conventionally classified as strong or 
weak. The order of magnitude of conductance in 
aqueous solution was once the criterion of classification, 
and while this may perhaps still be accepted as a con- 
venient working rule, it places an undue emphasis on 
water as a solvent, and conceals a more useful generaliza- 
tion. Those substances which are strong electrolytes 
exist as ions in the crystal, and may give either highly 
conducting or poorly conducting solutions, depending 
on the properties of the solvent chosen. The weak 
electrolyte, on the other hand, exists as neutral mole- 
cules in the solid state, and becomes an electrolyte only 
after it has dissolved in and reacted with a solvent. 
Thus, sodium chloride exists as a lattice of individual 
sodium ions and chloride ions in the crystal; there is no 
such thing as a molecule of sodium chloride, in the sense 
that a specific partner can be found for any one ion. 
On solution, the ions become solvated, and move around 
through the liquid as mechanically independent entities. 
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Solid acetic acid, however, is a lattice of CH;.CO.H 
molecules, in which we can specify a one-to-one corre- 
spondence between acetate groups and protons. When 
acetic acid is dissolved in a basic solvent such as water, 
reaction occurs with water molecules, and the reaction 
product then dissociates into acetate and hydrogen ions. 


CH;CO.H + H:0 = CH;-CO,’ + H;Ot+ 


It seems desirable to postulate two intermediate prod- 
ucts here: first, a neutral molecular addition com- 
pound, CH;CO.H.H:0 held together by dipole (and 
possibly other) forces; and an ion pair, CH;CO,’.H;0*, 
formed from the molecular compound by intramolecular 
migration of a proton, which promptly dissociates into 
free ions in a solvent of high dielectric constant. Inter- 
mediate cases (3) between strong and weak electrolytes 
as defined above also exist. For our present purposes, 
however, we shall limit our discussion to strong elec- 
trolytes, 7. ¢., interaction of ions, and disregard those 
cases where neutral molecules are involved. Even 
with these many limitations, we shall find that a fairly 
complicated problem is left. 

We consider then a solution of ions in a liquid me- 
dium. In order to define the problem, it is first necessary 
to state the variables. The dependent variables are the 
observable properties (4) such as freezing point, boiling 
point, osmotic pressure, surface tension, refractive 
index, electromotive forces, viscosity, diffusion, con- 
ductance, and so on. The independent variables are 
temperature, pressure, concentration, and the proper- 
ties of the components, the ions, and the solvent. The 
first three are general thermodynamic variables, while 
the latter are of course specific for the particular solute- 
solvent pair under consideration. At the very outset 
of our study, we find it necessary to choose a modei to 
represent the system, because real ions and solvent 
molecules are much too complicated structures to be 
handled theoretically, at least at the present stage of 
mathematical competence. As a crude first approxi- 
mation, we may imagine the ions to be uniformly 
charged spheres (or spheres with point charges at the 
centers) and the solvent to be a continuum, whose 
hydrodynamic and electrostatic properties are re- 
spectively described by the macroscopic viscosity and 
dielectric constant of the liquid. In this way, we at 
least arrive at a starting point: the model just de- 
scribed is amenable to theoretical treatment, even if the 
real electrolytic system is not. We shall, therefore, 
proceed to a discussion of the idealized system, and 
compare its predictable properties with those observed 
for physical systems. We shall find considerable corre- 
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spondence, and the discrepancies can serve to suggest 
refinements and improvements in our model, which 
may lead us to a more accurate theory of electrolytes. 

The first question one naturally asks concerns the free 
energy of the system: if we know this quantity, then 
general theory assures us that all the other thermo- 
dynamic properties are derivable from it. We may 
neglect as additive constants the intrinsic free energy of 
the solute and solvent; the problem thus resolves itself 
into the calculation of the mutual potential energy 
of ions in solution—or rather, of our idealized spheres 
in a continuum. This problem was first tackled suc- 
cessfully by Milne (5), but his method of calculation 
was so laborious that it could not be considered a useful 
solution of the problem. As is well known, Debye 
(6) in 1923 made the one additional simplifying assump- 
tion which led to a brilliant solution. 

Suppose we consider a given cation as a reference 
point, and follow this ion in its normal thermal motion 
through the solution. If we imagine the solution to be 
dilute, other ions, both of like and unlike charges, will 
be distant most of the time. In all the space around the 
reference ion, there will be a net charge exactly equal 
to that of the reference ion, and opposite in sign to it; 
this charge can be thought of as distributed throughout 
the surrounding space, rather than localized on any 
particular ion. In fact, in dilute solution in solvents of 
high dielectric constant, it would be impossible to assign 
to any individual ion the role of neutralizing partner 
for the reference ion, because all the ions are in motion 
at mutual distances large compared to their diameters. 
This picture leads us to the concept of the ion atmos- 
phere and its potential. We imagine all the other ions 
around the reference ion to be blended together into a 
continuous distribution of charge, which sets up a 
time-average potential at the central ion. The poten- 
tial is related to the average charge density by the 
Poisson equation of classical electrostatics. The den- 
sity in turn is related to the concentration through the 
Boltzmann equation, which gives the probability that 
another ion will be found at a distance r from a point 
where the potential is y (r). Combining these two 
results, Debye and Hiickel obtained, for dilute solu- 
tions, a differential equation for the potential as a 
function of the distance from a reference ion. Instead 
of Milner’s complicated multiple summation problem, 
these authors thus reduced the electrolyte problem to 
one in a well-understood field of mathematics. Solution 
of their equation gave the potential; the free energy 
of the solution could then be computed (7) by calculat- 
ing the work needed to produce the charges on all the 
ions in the presence of each other as their charges were 
built up from zero to their actual values. 

A characteristic quantity x appears in the mathe- 
matical analysis; the distance !/x locates the maximum 
density in charge in the ionic atmosphere. Its depend- 
ence on the significant variables is given by 


«x? = 4rnje;*/ DkT 


Where nm, is the number of ions of charge ¢, per unit 
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volume in a solvent of dielectric constant D, k is 
Boltzmann’s constant, and 7 is temperature. The 
parameter «x is seen to depend on the square root of 
concentration (or rather, ionic strength), and the deriva- 
tion thus accounts for the square root dependence found 
empirically for many properties of electrolytes. 

The ion atmosphere in reversible processes is a spher- 
ically symmetrical distribution of charge around a given 
reference ion, and as mentioned above, has a net charge 
equal and opposite to that on the central ion. Suppose 
we apply an electric field to the solution. The reference 
ion will move with respect to its atmosphere; in effect, 
it is moving in a countercurrent, because the oppositely 
directed net force on the ion atmosphere will be trans- 
ferred to the solvent. Hence, conductance will depend 
on concentration, for the radius of the atmosphere de- 
pends explicitly on concentration. Also, as the central 
ion moves, we see that it will tend to redistribute the 
ions in its field. But the solvent has a finite viscosity, 
so the ions of the atmosphere cannot move instantane- 
ously; therefore, the moving ion has a net deficiency 
of atmosphere charge in front of it, where ions of oppo- 
site and like charge have not redistributed themselves 
to allow for the changed position of the reference ion, 
and a net excess of opposite charge behind it, where the 
surrounding ions likewise have not taken their new 
positions. This asymmetry is in effect an electrostatic 
brake which a moving ion carries with itself. The re- 
sulting retardation of ionic motion also depends on the 
square root of concentration. Since it depends on the 
relative speed of redistribution of charge, Debye called 
it the relaxation effect. Both the electrophoresis and 
relaxation effects were calculated in final form by 
Onsager (8) for binary electrolytes. The calculation 
was later extended (9) to mixtures of electrolytes. 

On, the basis of the Debye theory, not only was con- 
ductance at low field strengths and frequencies pre- 
dicted as a function of concentration, but it was found 
possible to predict quantitatively how conductance 
changed with frequency (10) and field strength (11) 
when these parameters of the external field became 
large. These two effects are called, respectively, the 
Debye-Falkenhagen and the Wien effects. Qualita- 
tively, both effects are easy to understand: in the limit 
of very high frequencies, the field reverses so fast that 
the ions cannot follow, and hence, asymmetry in the 
atmosphere cannot build. up, while for very high 
field strengths, the ions move distances large compared 
to the diameter of the atmosphere, and the relaxation 
effect disappears again (12). If ion association occurs, 
high field strengths can also increase the conductance 
by increasing the population of free ions (13). This 
second Wien effect is frequency sensitive (14) in the 
range of frequencies whose periods are of the order of the 
Langevin relaxation time of the system. 

In what has been said so far the implicit assumption 
has been made that the potential energy of an ion in its 
atmosphere was small compared to k7', the mean ther- 
mal energy. This condition was necessary in the 
reduction of the Poisson-Boltmann equation of Debye 
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and Hiickel to a linear differential equation. But 
when this ratio of potential to thermal energy becomes 
large a different treatment must be used. For not too 
large values of the ratio, higher terms (15) of the series 
expansion of the Boltzmann exponential can be included 
in the integration. But if we consider the potential 
energy, €¢2:/rD of two ions of opposite charge at a dis- 
tance r, we find that this quantity can become very 
large compared to kT for multiple charged ions or for 
small distances and dielectric constants. This leads to 
the necessity of considering pairwise configurations of 
ions. Bjerrum (16) first proposed association of ions 
to pairs under the influence of Coulomb forces; his 
treatment was subsequently extended (17). 

The association theory rests on the following simple 
model. If the potential energy of two ions of opposite 
charge in contact is large compared to kT, then this pair 
of ions will behave essentially as a single kinetic unit, 
until it eventually is dissociated. But while the ions 
are in contact, neither can contribute to conductance. 
It should be emphasized that this theory postulates 
that the ions retain their identity in the ion pair; no 
neutral molecule, analogous say to the CH;CO.H 
structure of acetic acid, is formed. A dynamic equilib- 
rium is set up between free ions and pair-wise associated 
ions, whereby some pairs are constantly breaking up 
while an equal number of free ions are forming new 
pairs. This mechanism gives us a second reason for the 
variation of conductance with concentration: as con- 


centration is increased, the relaxation and electropho- 
retic effects of the free ions decrease mobility, while 
association decreases the relative number of conducting 


particles. Both effects thus decrease conductance as 
concentration is increased. Quantitative equations 
(18) have been derived which reproduce a wide variety 
of data on aqueous and nonaqueous systems. 

In solvents of still lower dielectric constant than those 
just considered, the mutual energy of three (19) and 
four (20) and even more ions, becomes comparable to, 
and eventually greater than, kT. Quantitatively, 
association to ion triples and quadruples can be deter- 
mined experimentally; higher association, although 
shown to be very probable (2/) has not yet had a satis- 
factory theoretical treatment. 

In a general sort of way, the theory sketched above 
gives a good description of the behavior of dilute solu- 
tions of strong electrolytes. Essentially, it is a theory 
based gn the interaction of charged spheres under the 
influence of their mutual electrostatic fields in a con- 
tinuum. But even dilute solutions of some strong 
electrolytes exhibit properties for which no theoretical 
explanation is yet available. Examples include the 
following. Salts of higher valence type than 1-1, 
especially unsymmetrical salts, show deviations (22) 
from the Debye-Hiickel limiting law even at very low 
concentrations. Specific effects of individual ions fre- 
quently appear (23), showing that the spherical model 
is insufficient, or that Coulomb forces alone are inade- 
quate for the description of ionic interaction. The 
same electrolyte can behave quite differently in two 
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solvents of the same dielectric constant (24), which must 
mean specific solvent-solute interaction. The same 
conclusion can be drawn from the behavior of strong 
electrolytes in mixtures of different solvents (25). The 
sequence of limiting conductances and association 
constants of a given group of electrolytes can be re- 
versed in going from one solvent to another; here we 
must conclude that a continuum is an incomplete 
hydrodynamic representation of the solvent. We 
reach the same conclusion when we observe that the 
Walden-Stokes product (limiting mobility times solvent 
viscosity) is not a constant. When we come to the 
concentrated solution, it must be admitted that we 
now have no theoretical description at all. Some recent 
observations of Kraus (26), however, bring a note of 
optimism into this recital of inadequacies; they strongly 
suggest that the proper approach to the problem of 
concentrated solutions is from the fused salt as the 
starting point. 

We now turn to the question of conductance in 
plastics. Here the situation is even worse than in the 
case of ordinary liquids: in the latter, we at least have 
a fairly abundant supply of empirical information and a 
limiting theory, but in the case of plastics, not even 
many data are available. 

It has often been observed that the loss factor of some 
insulating materials increases rapidly with decreasing 
frequency in the power frequency range. This effect 
is an almost certain indication that ions are present as 
conducting impurities. If an electrolyte is present, it 
will give rise to a d.-c. conductance, 7. e., to a frequency 
independent term in the total a.-c. conductance meas- 
ured on abridge. If, then, a loss factor is computed by 
dividing the total a.-c. conductance by (a constant 
times) frequency, a fictitious increase in loss factor will 
appear at low frequencies as the simple arithmetical 
consequence of dividing a constant by a steadily de- 
creasing variable. In order to obtain the a.-c. losses 
due to relaxation mechanisms, it is necessary to sub- 
tract the d.-c. conductance from the total observed 
a.-c. conductance before computing loss factors. 
Neglect of this correction has occasionally led to the 
appearance of some fantastic results in the literature. 

Unfortunately, the nature and concentration of the 
conducting impurities are usually unknown. In some 
cases, they are traces of emulsifying agents or catalysts 
in the plastic; sometimes they are impurities in the 
plasticizer; other times, they are products of hydrolysis, 
oxidation, or pyrolysis of either the plastic or plasticizer. 
One case (27) has been studied in some detail; unsta- 
bilized polyvinyl chloride plastics liberate hydrogen 
chloride, which conducts in the presence of a plasticizer 
which can act as a proton acceptor. The amount of 
hydrogen chloride set free can be determined, and a 
fairly good correlation has been worked out between 
electrical properties and thermal history. 

In another investigation (28), known amounts of 4 
strong electrolyte (tetrabutylammonium bromide) were 
added to polyvinyl chloride plastics. Several new 
phenomena were observed. A very large time-depend- 
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ent polarization in d.-c. fields appeared; as little as one 
kilovolt per centimeter increased the apparent resist- 
ance by several fold within a few minutes. On stand- 
ing, the resistance gradually decreased back to its 
initial value. These electrolyte-containing plastics 
consequently exhibited the peculiar property of elec- 
trical memory, in that both a.-c. and d.-c. properties 
depended on previous electrical history; the half-life 
of this memory was of the order of hours at room tem- 
peratures and of minutes at higher temperatures. 
Probably the most striking property of these materials 
was the dependence of loss factor and dielectric constant 
on electrolyte content. The dielectric constant was 
larger than that of an exactly similar plastic which con- 
tained no electrolyte by an amount Ae’. The loss 
factor was naturally larger than that of the plastic 
matrix because electrolyte was present; however, when 
the total a.-c. loss was corrected by subtracting the sum 
of the pure a.-c. loss of the plastic and the equivalent 
loss due to the observed d.-c. conductance, an incre- 
ment Ae’’ in loss factor was still remaining. In other 
words, the total loss was greater than the sum of the 
losses attributable to dipole rotation in the polymer 
and to normal d.-c. ionic conductance. Furthermore, 
Ae’’ was exactly equal to Ae’. The presence of the 
electrolyte superimposed an a.-c. mechanism on the 
response of the system which acted like an impedance 
of constant phase angle of 45°. Both Ae’ and Ae’ 
were proportional to concentration of added electrolyte 
and varied inversely as the square root of frequency. 
No theoretical explanation is yet available for any of 
these observations. Possibly the high viscosity of the 
plastic medium in which the ions are moving is the 
origin of the unusual behavior; it may be so high that 
the ions are being accelerated during each quarter cycle 
during which the absolute value of the field is inereasing, 
rather than moving at terminal velocity as they do in 
ordinary liquids. Anyhow, much more remains to be 
done, both experimentally and theoretically, on the prob- 
lem of the behavior of electrolytes in plastic solvents. 

Finally, brief mention should be made of a group of 
materials (29) which combine the properties of polymers 
and of electrolytes. If vinylpyridine, for example, is 
polymerized, a material superficially similar to poly- 
styrene is obtained. Chemically, however, there is a 
significant difference: the pyridine rings, which are 
attached to every other carbon atom. of the polymer 
chains, contain tertiary nitrogen atoms, which can be 
converted to positively charged pyridinium ions by the 
addition of an alkyl halide to the polymer. The result- 
ing polyelectrolyte is water soluble and has a number of 
interesting properties. Of perhaps greater interest to 
the field of electrical engineering are, for example, the 
copolymers of styrene and ionogenic monomers such as 
vinylpyridine; these are water-insoluble, but swell in 
water and conduct electrolytically. Membranes (30) 
made from these copolymers contain immobilized cat- 
ions, but their anions are mobile. Their a.-c. prop- 
erties, incidentally, resemble those of biological mem- 
branes. Preliminary experiments indicate that con- 
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ducting transparent plastics can be made from plasti- 
cized polyelectrolytes. 

The summary of this review can be made quite 
compact: using charged spheres to represent ions and 
a continuum to represent the solvent, we have a model 
which will reproduce the behavior of dilute solutions of 
many electrolytes in many solvents covering the avail- 
able range of dielectric constant, using as our theoretical 
tools only classical thermodynamics, electrostatics, and 
hydrodynamics. But for high concentrations, or for 
electrically or geometrically asymmetric ions, or for 
certain solvent-solute combinations, or for media of high 
viscosity such as plastics, we have no adequate theory; 
indeed, it is still uncertain how an attack on these prob- 
lems should be started. 
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A CONDUCTIVITY-OF-SOLUTIONS 
DEMONSTRATION 


Lorp Kevin is reported to have said, ‘‘...when you 
can measure what you are speaking about, and express 
it in numbers, you know something about it; but when 
you cannot measure it, when you cannot express it in 
numbers, your knowledge is of a meagre and unsatis- 
factory kind....”” The eminent scientist would un- 
doubtedly take a very dim view of the conventional ex- 
periment on the electric conductivity of solutions as 
outlined in most laboratory manuals for secondary- 
school use. The information obtained from the bright- 
ness of an electric light bulb is certainly ‘‘meagre and 
unsatisfactory.”” The substitution of a meter for the 
bulb makes the experiment much more instructive. 
However, this substitution presents certain problems. 
If direct current is used polarization causes the readings 
to be progressively more inaccurate. Arthur!’ illus- 
trates an apparatus with electrodes large enough to 
minimize the effect of polarization. These platinum 
electrodes are beyond the budget of most high-school 
laboratories. The undesirable effects of polarization 
may be avoided by using a. c., but the measurement of 
a. c. presents difficulties. The lower, and less accurate, 
portion of the ammeter’s scale must be used. Alter- 
nating current ammeters with the proper range are 
probably less generally available in high-school labora- 
tories than are d.-c. instruments. All these considera- 
tions suggest that an apparatus which provides a. c. at 
the electrodes of the conductivity cell and d. c. in a 
secondary circuit for measurement is an ideal solution 
to the problem. 

A germanium diode manufactured by the General 
Electric Company, can be used as a rectifier to make 
the circuit suggested. The germanium diode was orig- 
inally developed to be used as a detector in microwave 
apparatus. It is a steel tube 0.25 inches in diameter and 
0.36 inches long with a piece of bare copper wire pro- 
jecting from each end. Inside this tiny cylinder a 
pointed platinum wire is pressed against the polished 
surface of a piece of germanium. This assembly serves 





1 Arthur, P., “Lecture Demonstration in General Chemistry,” 
McGraw-Hill Book Co., New York, Part 1, p. 285, exp. 106. 
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as a detector or a rectifier in much the same way as the 
familiar ‘‘cat’s whisker’’ and crystal does. 

The apparatus used for this experiment included the 
following pieces. The standard type of conductivity 
apparatus was used to hold the electrodes in a beaker of 
the solution to be tested. Platinum or carbon rods 
make the most satisfactory electrodes for accurate 
work, but copper wires are reasonably satisfactory. 
These electrodes are supplied with 110-volt, (60-cycle) 
a.c. A variable resistor of about 2000 ohms was used to 
limit the flow of current. An induction coil was used to 
supply current to the secondary or meter circuit. This 
coil was so connected that the larger number of turns 
was in the primary circuit. Thus the secondary voltage 
was kept below 70, the upper limit for operation of the 
germanium diode. The pieces mentioned above and a 
switch constituted the primary circuit. In the second- 
ary circuit were placed the germanium diode and a 
galvanometer of the type used for student experiments. 
It was found that the sensitivity of the galvanometer 
could be varied by moving the core of the induction 
coil. A rubber stopper was used as a collar to hold this 
core in the desired position. 

Several types of demonstrations may be made with 
this apparatus: 

(a) Conductivity of solutions compared on the basis 
of milliliters of solutions of equal normality required 
to produce a certain scale reading on the galvanom- 
eter. Such a comparison makes a clear distinction 
between strong and weak acids or bases. 

(b) Conductometric titrations using a variety of 
reagents. Arthur? describes several possibilities. The 
refinement with which the experiment is done may be 
varied to suit the ability of the students. 

(c) A study of the choice of indicators for a given 
titration or a more general study of the function of in- 
dicators. 

(d) The normality of solutions obtained by titration 
with great accuracy because the meter reading gives a 
sharp end point. 


2 Arthur, P., zbid., Part 2, p. 286, exp. 106. 
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CRYSTALLIZATION OF ORGANIC COMPOUNDS 
FROM SOLUTION 


Lione before science defined any physical charac- 
teristics of the crystal form, man was fascinated by the 
beauty and perfection that appeared in the crystal 
itself. Tribes all over the world from the Arctic to the 
South Sea Islands used crystals for prophecy, to try to 
unlock the secrets of the future. This perfection which 
appeared as a mystic symbol then, is today a study of 
the utmost importance to science and industry. 

In the production of most organic crystalline chemi- 
cals, purity of the finished product is the challenge. 
Crystallization is one of the very few and, in many 
cases, the only unit operation by which high purity 
materials can be obtained from impure solutions. 

The unit operation of crystallization can be con- 
sidered in several steps: 

1. The formation of a supersaturated solution. 

2. The appearance of crystalline nuclei. 

3. The growth of the nuclei to size. 

In order to secure pure crystalline solids in an efficient 
manner, the designer of crystallizer equipment should 
make it possible to conduct the process in such a way 
that these steps are controlled. 


FIELD OF SUPERSATURATION 


The development of crystallizing equipment and the 
control of the crystallization process have been greatly 
facilitated by the researches of Miers (1), Marc (2) and 
others on nuclei formation, particularly through the 
study of supersaturation of solutions. The occurrence 
of metastable and labile regions of supersaturation was 
first described by Miers. 

Miers stated that under certain conditions solutions 
can be supersaturated to a considerable extent without 
the formation of nuclei. The field where no nuclei are 
formed Miers called the “metastable field of super- 
saturation.” If a solution is saturated beyond this 
field, the labile region of supersaturation is reached and 
nuclei will appear spontaneously in a clear solution. 

In the metastable field, crystal growth takes place 
only on crystals already present in the solution. Ifa 
solution can be maintained within the metastable field 
of supersaturation during the entire crystallization proc- 
ess, @ most important step toward control of crystal 
growth is achieved. 

The metastable field is not sharply defined. Factors 
such as the pH of the liquor or the presence of other 
chemicals and impurities have a marked influence on 
the degree of stable supersaturation that can be main- 
tained. 


HANS SVANOE 
Struthers Wells Corporation, 
Warren, Pennsylvania 


Solutions of most organic chemicals can, as a rule, 
attain a considerably higher degree of supersaturation 
than inorganic chemicals. The formation of a crystal 
requires a definite orientation of the molecules in the 
solution, and this requires time. Considerably higher 
degree of supersaturation can, therefore, be obtained 
for solutions of chemicals of complex molecules and 
high molecular weights. 


INTERMEDIATE ZONE OF SUPERSATURATION 


If the metastable degree of supersaturation is deter- 
mined not by starting with clear solutions as in the 
preceding section, but by starting with a saturated solu- 
tion containing suspended crystals, the metastable zone 
will be considerably narrower. An instructive chart, 
see Figure 1 (3), indicates supersolubility zones for pure 
sucrose solutions in water. It should be noted, that the 
extent of the metastable zone determined in this man- 
ner will depend upon the size and number of crystals 
originally present and rate of cooling or evaporation. 
However, this chart illustrates different conditions that 
can exist during a crystallization process and is included 
here to indicate some of the controlling factors in the 
process of crystallization. 

This chart includes three different zones as follows: 

Metastable zone: where existing crystals can grow and 
no nuclei are formed. 

Intermediate zone: in this zone existing crystals grow 
and new nuclei are also formed. 

Labile zone: where nuclei are formed spontaneously 
from a clear solution. 

By determining the supersolubility curve in the 
laboratory under carefully controlled conditions, infor- 
mation can be obtained regarding nucleation and crystal 
growth which predicates and determines the design of 
commercial equipment for that particular chemical. 

Some interesting observations can be made from this 
chart. If the crystallization takes place in a continuous 
manner in the metastable zone, the original seed crystals 
present will grow without the formation of new nuclei. 

If the operation takes place in the intermediate zone, 
too many new nuclei can be formed, resulting in produc- 
tion of a product of uneven specifications. 

Many solutions of organic crystalline chemicals be- 
have in a similar manner as sucrose solutions, but the 
extent of the different supersolubility zones will vary 
greatly from the values indicated on this chart. 

The rate of nuclei formation in a supersaturated so- 
lution is greatly influenced by slight variations in the 
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Figure 1. Supersaturation Curves for Sucrose 


degree of supersaturation, impurities present, pH, etc. 
It can be evaluated, under any given condition, by lab- 
oratory experiments. 


100 
90 


80 


Hexamethylenetetramine 


70 


0 


60 


50 
Aldipic Acid 


40 





38 


20 


parts per 100 parts 


Fumaric Acid 
10 


* 40 60 100 «110 
temperature °C. 


Figure 2. Effect of Temperature Rise on Solubility in Water 
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SOLUBILITY CHARACTERISTICS 


The unit process of crystallization can be stated as 
first to establish a driving force, that is, produce a 
supersaturated solution. Secondly, release this super- 
saturation in the solid crystalline state. 

The type of equipment to be used in a crystallization 
process depends upon the physical properties of the 
solute, of which the solubility characteristics are one 
of the most important. 

The difference in solubility characteristics is illus- 
trated in Figure 2. 

For convenience, the solubility figures are given for 
the same solvent in all cases, and the solubility expressed 
as parts of solute per 100 parts of solvent. 

The solubility curve indicates the process whereby 
the driving force, a supersaturated solution, can be es- 
tablished. 


I. Chemicals with little or negative change in solubility with 
increase in solution temperature: 

In this group su turation is produced by removing solvent 
by evaporation. e equipment needed here can be classified 
as an evaporator-crystallizer. 

Il. emicals having a large increase in solubility with an 
increase in solution temperature: 

Here, cooling is used to produce supersaturation. This cooling 
can be affected either by circulating the solution through tubular 
coolers in equipment classified as cooling crystallizers; or the 
cooling can be done by evaporation in a vacuum chamber in a 
vacuum crystallizer. 

III. Chemicals with a moderate increase in solubility with 
increasing temperature: 

A combination of evaporation and cooling is most conveniently 
used with this group of chemicals to produce supersaturation. 
This operation is most effectively performed in a vacuum crystal- 
lizer with a tubular heater installed in the circulating system. 

TV. Supersaturation can also be produced by the addition of 
another solvent or solute, or by the addition of an acid or base to 
bring about a considerable change in pH of the solution. 

Most industrial solutions used as feed liquor in crystallizer 
operations contain certain amounts of foreign chemicals that af- 
fect the solubility of the product. Ifsucha chemical or chemicals 
are present in appreciable concentrations, the solubility relation 
for the salt system must be determined over the operating range, 
in order to control the crystallization step efficiently. 


BATCH AND CONTINUOUS OPERATION 


Both batch and continuous operation are used 
widely in industry today. The choice between a batch 
or continuous process will, in the final analysis, depend 
upon which method gives the most favorable cost 
figures, all factors considered. 

Batch crystallization is generally used in the crystal- 
lization of sugar. A type of unit used today is the 
Webre crystallizer as shown in Figure 3 (4). 

The operating cycle is usually as follows: 

The unit is filled with sugar solution and concentrated 
to a predetermined degree of supersaturation. At this 
point the crystallizer is seeded by adding sugar crystals 
of predetermined size. Feed liquor is added and is con- 
tinued until the proper yield is attained. The vacuum, 
as well as the degree of supersaturation, is usually main- 
tained by instruments. Before centrifuging, the magma 
is heated to reduce the remaining supersaturation. 
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Figure 3. Webre Sugar Crystallizer 


This also reduces the viscosity of the slurry and facili- 
tates separation of crystals and mother liquor in the 
centrifuge operation. The temperature of operation is 
around 150° F., depending upon purity of feed solution. 
By seeding with sugar crystals and controlling super- 
saturation, formation of agglomerates and twinning of 
crystals can practically be avoided. 

Batch crystallization is still widely used for many 
chemicals, including solutes with flat as well as steep 
solubility curve. In many cases, the design consists 
essentially of a jacketed tank, provided with means for 
heating or cooling and usually some device for agitation. 

Many of these batch systems could be changed to 
continuous processes with reduction in operating cost 
and improvement in product quality, both as to appear- 
ance and purity. However, there are some cases in 
which batch crystallization is dictated by the inherent 
characteristics of the process or material. For in- 


stance, batch operation may be called for when handling 
dilute solutions, which upon cooling will produce only 
a small quantity of material, even though practically 
all of the solute is crystallized from the solution. 


CONTINUOUS CRYSTALLIZER EQUIPMENT 


In a continuously operated system the different proc- 
ess elements can be maintained within very close limits 
and under conditions promoting good control of the 
crystallization process. 

The factors of prime importance in the design of 
equipment for controlled crystallization may be sum- 
marized as follows: 

1. The solution must be supersaturated under con- 
trolled conditions. 

2. The slightly supersaturated solution must be 
brought in contact with a large crystal surface in an ef- 
ficient manner to sufficiently desupersaturate the solu- 
tion. 

The main design elements to handle chemicals from 
the different solubility groups outlined above can be 
summarized as follows: 

Evaporator Crystallizer. Figure 4 shows major parts 
of an evaporator crystallizer of the Krystal design. 
Feed liquor is mixed with circulating mother liquor, 
forced by the pump through the heater and conducted 
to the vaporizer. There the solution is supersaturated, 
and the supersaturated solution flows down a central 
tube and contacts the crystals in the suspension con- 
tainer. 

In the suspension container sufficient crystals are 
suspended to release supersaturation. The individual 
crystals must be in constant mot-on to prevent their 
growing together, but the motion must not be too vio- 
lent or new crystals will be formed by attrition. 

The rate of crystal growth in slightly supersaturated 
solutions is comparatively low. A large crystal surface 
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Figure 4. Evaporator-Crystallizer 
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is required and the crystals must be brought in contact 
with the solution in an effective manner. 

If the specific gravity difference between solution and 
solute is appreciable a dense crystal suspension can be 
formed. 

The crystal suspension is in a fluidized state. The 
upper limit of this suspension is, in many cases, well 
defined as indicated in Figure 5 of a crystal suspension 
of a polyhydric alcohol. 

For many processes, a more dispersed crystal suspen- 
sion is used to advantage, and in this case a well-defined 
interface, mother liquor to crystal suspension, is not 
evident. The density of the crystal suspension will 
vary considerably, depending mainly upon particle 
size and specific gravity differential between liquid and 
solid. 


Figure 5. Fluidized Crystal Suspension 


The amount of crystal surface required in a crystal 
suspension will vary substantially with process de- 
mands fora given problem. For continuously operated 
units the surface can be expressed as weight of crystals 
suspended in the process equipment, and this may vary 
from one hour production to 10 hours or even higher. 

Utilizing such a crystal suspension in the proper man- 
ner the crystalline product is characterized by high 
purity and very uniform grain size, and the rate of pro- 
duction per unit container volume is high. 

If water is the solvent, the vapors released in the 
vaporizer can be condensed in a barometric condenser. 
In cases where the solvent has to be recovered and re- 
turned to the process, the vapors can be condensed in a 
surface condenser. 
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Vacuum Crystallizer. A vacuum crystallizer does not 
require a heating surface since the function of this 
equipment is to cool crystallizing solutions by the 
vaporization of a portion of the solvent. In the vapor- 
izer, the sensible heat of the feed and the heat of crys- 
tallization of the solute are utilized to vaporize solvent 
and thereby maintain the mother liquor at the desired 
crystallization end point. Crystallization, as in all 
continuous units, takes place at one definite tempera- 
ture as determined by process requirements. 

It should be noted that feed solution is added to a 
large quantity of circulating mother liquor to produce 
mixtures, which, when cooled in the vaporizer, are only 
slightly supersaturated. Under no circumstances are 
feed solutions cooled without preliminary dilution with 
large quantities of mother liquor. 

Cooling Crystallizer. In a cooling crystallizer, the 
sensible heat of the feed and heat of crystallization of 
the solute are removed by indirect contact with a cool- 
ing medium in a shell and tube exchanger as illustrated 
in Figure 6. A mixture of mother liquor and feed is 
passed through the cooler tubes. While the ratio of 
mother liquor quantity to feed will be determined by 
the properties of the chemicals and process require- 
ments, this ratio is practically always several hundred 
to one; which means that the degree of cooling per pass 
will be small. By securing efficient release of super- 


saturation in the crystallizer suspension container and 
uniform liquor distribution on cooler and coolant side 
of the exchanger, the cooling surface will give little 


trouble from crystal deposits. In this manner con- 
stant heat transmission is maintained, resulting in 
steady operating conditions. With the proper precau- 
tions the cooling surface required can be calculated ac- 
cording to equations for heat transmission with turbu- 
lent flow in liquid-to-liquid heat exchanger. 

If conditions are such that too many new crystals are 
formed by attrition or other influences, the excess 
nuclei can be removed in a fine salt separator. While 
a fine salt separator can be attached to any of the vari- 
ous types of crystallizers discussed, it is indicated in 
Figure 6 on the cooling type crystallizer. 

A portion of the main liquor flow is passed through a 
separate container, the liquor velocity being sufficiently 
low to allow the very small crystals to settle. By re- 
moving only a small percentage of the production as 
fine crystals, the remainder is left in the crystallizer 
proper to grow to the desired size. 

A fine salt separator can be used at times for the 
separation of undesirable products which may also 
crystallize during the process. These side products 
may be contaminating impurities introduced with the 
raw materials, which accumulate in the mother liquor, 
or products from side reactions such as various isomers 
of the main end product being crystallized. 

The growth of the undesired crop is prevented by 
collecting these crystals in the fine salt separator before 
they become too large, and the main product can be dis- 
charged from the crystallizer proper as pure crystals 
uncontaminated by the other crystals. 
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This principle is particularly applicable when the 
upper surface of the main crystal suspension is well 
defined as shown in Figure 5. 

Crystallization in all continuous units takes place 
at one definite temperature. This is important when a 
solute is produced that crystallizes in several different 
crystal forms. When the feed liquor, at any suitable 
concentration, is mixed with circulating mother liquor 
and subjected to supersaturation, the resulting mixture 
is at the temperature of crystallization, where the de- 
sired crystal form or hydrate is the stable phase. 

The object of the unit process of crystallization as 
conducted in industry should be to produce a pure 
crystalline chemical in the most economical manner. 
While attempts have been made to develop general 
mathematical formulas regarding the crystallization 
process that could be of value to the designer, slow 
progress has been made in this field due to meager 
knowledge of the reaction rates involved, as rates of 
nucleation and rates of crystal growth. 

Like most chemical engineering unit operations the 
correlation of accumulated data is of great importance 
in general equipment design. In addition to this, lab- 
oratory and pilot plant crystallization tests are most 
valuable in formulating the most economical design. 
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Figure 6. Cooling Crystallizer 
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A THERMOREGULATOR FOR LIQUID BATHS 


Tue thermoregulator shown diagrammatically in 
the figure does not differ in principle from a host of 
others already described in the literature, however it 
has proved quite satisfactory and appears to have 
enough difference in detail to warrant a description. 

The design incorporates the following features: (1) 
simplicity of construction, (2) compactness, (3) high 
ratio of surface to volume, reducing lag in response to 
changes in bath temperature,! and (4) durability. 
(Although the glassware may appear fragile, it will 
actually withstand considerable shock because of its 
flexibility.) 

The helical coil is wound from an 8 foot length of 
6-mm (outside diameter) pyrex tubing. The capillary 
section at the top of the vertical central tube is about 
1 mm. in internal diameter and 4 cm. long. Following 
the suggestion of Burrows,? the stopcock is lubricated 
with graphite which eliminates the necessity for a 
permanent metal contact sealed through the glass. 





1 WeissBerceR, A. “Technique of Organic Chemistry,” 2nd 
ed., Interscience Publishers Inc., New York, 1949, Wol. 1, Part I, 


p. 40. 
2 Burrows, G. H., J. Caem. Epuc., 16, 278 (1939). 
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Since acetone has a coefficient of expansion about 
eight times that of mercury and 
1.3 times that of toluene, it is an 
excellent liquid with which to fill 
the regulator for the control of baths 
at temperatures near 25°C. Filling 
is accomplished by introducing ace- 
tone into the, vertical tube and 
then rotating the entire regulator 
(while holding it at an angle of about 
30° to the horizontal), until the liquid 
is transferred to the helical coil. 
This operation must be repeated 
several times. After the coil has 
been filled with acetone, mercury 
is poured into the vertical tube 
through the stopcock. About 35 ml. 
of acetone and 7 ml. of mercury are 
needed. In conjunction with an 
electronic relay this device has been 
found to regulate the temperature of 
a well-stirred water bath at 25 = 
0.005°C. 
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THE BRONSTED CONCEPT IN CALCULATIONS 
INVOLVING ACID-BASE EQUILIBRIA 


'T'ux advantages and the disadvantages of the use of 
each of the various definitions of acids and bases in the 
teaching of chemistry have been adequately discussed 
previously.! Although the usefulness of the Brgnsted 
concept is now very seldom questioned, there has been an 
undue reluctance on the part of many teachers to em- 
ploy this concept in the teaching of acid-base theory. 
At least part of this failure to make full use of the Brgn- 
sted concept undoubtedly lies in the fact that very few 
textbooks which are now available give more than curs- 
ory attention to this important theory. It is to be 
hoped that an increased selection of textbooks which 
make full use of the simplifications afforded by this 
theory will be available in the near future. 

Since the comprehensive discussion of the principles 
of chemical equilibrium is now generally conducted in 
courses in analytical chemistry, both qualitative and 
quantitative, it is in these courses that the Brgnsted 
theory is most useful. Naiman? has recently presented 
an excellent summary of the advantages of this theory 
in the teaching of quantitative analysis. Although 
the simplification of pH calculations is one of the points 
most strongly emphasized by the proponents of this 
theory, very few authors have realized the full extent 
of the simplifications which are possible. It is the pur- 
pose of this paper to give a detailed description of sim- 
plified pH calculations based on the Brgnsted concert. 
In the treatment which is presented it is assumed that 
water is the solvent, although the method is applicable 
to any amphiprotic solvent. It is assumed also that 
only a single acid-base system, other than the solvent 
system, is present in the solution under consideration. 
A discussion of solutions containing two acid-base sys- 
tems (including dibasic acids, acid or basic salts, etc.) 
will be presented elsewhere. 

The equilibria which exist in an aqueous solution 
containing an acid or its conjugate base may be repre- 
sented by the equations 


A® + H.0 = H,O+ + B*-! QJ) 
2H,0 = H,0* + OH- (2) 


where A” is any acid and B’~' is its conjugate base, and 
where n is the charge of the acid and n—1 is the charge 





1 Hau, N. F., J. Cuem. Epuc., 17, 124 (1940); Briscoz, H. T.» 
ibid., 17, 128 (1940); Hammett, L, P., zbid., 17, 181 (1940); 
JouNnson, W. C., sbid., 17, 132 (1940). 

2 Naman, B., J. Comm. Epuc., 25, 454 (1948). 
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on the base. From material balance considerations it 
is apparent that 


[A] = C, — ([H,0+] — [OH-}) (3) 
and that 

[B] = C, + ([H;0*] — [OH-)) (4) 
where [A] and [B] represent the actual concentrations of 
A’ and B*~" in the solution, and where C, and C, repre- 
sent the stoichiometric concentrations.* The equilib- 


rium constant for an acid-base system in water, as rep- 
resented by equation (1), is given by 


{H,0*)[B] 

[A][H:0) ©) 
If the solution. is dilute, the concentration of water is 
essentially constant, and the relationship becomes 


H;0*] [B 
x, = 10°16) © 


T 


where K, is the conventional dissociation constant of 
the acid. (Dissociation constants for bases are not 
considered in this treatment, but they may be employed, 
when necessary, to calculate the dissociation constant 
of the conjugate acid by means of the equation 


Kw ™ 
=k, PKs = pK — pK, (7) 


Ky 
where K,, is the ion product of water.) Combination of 
equations (3), (4) and (6) gives the expression‘ 

C. — [H,0+*] + [OH-] 


HO") = KG. (HO) — [08] - 





which is a general equation for a solution containing 
any acid and or its conjugate base. Here is the ultimate 
simplification offered by the Brénsted concept—a single 
equation which is valid for all pH caleulations. 





’ The term “stoichiometric concentration” refers to the cus- 
tomary method of expressing concentrations. For example, the 
stoichiometric concentration in a solution of acetic acid prepared 
by dissolving 0.100 mole of pure acetic acid in sufficient water to 
make one liter of solution is 0.100 M. However, the actual con- 
centration of acetic acid in this solution is less than 0.100 M since 
some of the acid originally added reacts with the water to form 
hydronium ions and acetate ions. For the particular solution 
cited, about 1 per cent of the acetic acid so reacts. The actual 
concentration of (undissociated) acetic acid in the solution is then 
0.099 M. In the same solution the stoichiometric concentration 
of the conjugate base (acetate ion) is zero, but the actual concen- 
tration is 0.001 M. 

4 Cuartot, G., Anal. Chim. Acta, 1, 59 (1947). 
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It might seem at first glance that in achieving the 
simplification afforded by a single equation we have 
gained little or nothing because this equation is too com- 
plex to be solved with ease. Although the complexity 
of the equation cannot be denied, it will be found that 
many of the terms are negligible in each specific appli- 
cation and hence the equation may be simplified to fit 
the particular case under consideration. Students 
frequently experience some difficulty in deciding in ad- 
vance what approximations may be made legitimately, 
but the results of calculations made with simplified 
forms of the equation may be readily checked by sub- 
stitution of calculated values into the original general 
equation, and thus the validity of the approximations 
made may be readily established. The requirement 
that the student make suitable approximations and then 
verify these approximations offers distinct advantages 
from ‘he pedagogical point of view. It teaches the 
student the technique and the value of making reason- 
able simplifications in the application of any complex 
general equation to a particular problem; it teaches 
him to evaluate problems in advance of their solution 
and to examine critically the results of his calculations; 
it teaches him to relate the terms in a mathematical 
equation more closely with the physical quantities 
which they represent. When using the classical 
method of approach, the student often becomes little 
more than a calculating machine, substituting numbers 
into the proper equation—or what he hopes is the 
proper equation—and semimechanically obtaining an 
answer. Frequently there is little or no appreciation 
of the physical significance of the problem and just as 
frequently the student has no notion as to whether his 
answer is reasonable. The limitations of the equations 
employed and the methods available for checking 
results are seldom fully appreciated. 

A few examples of typical calculations will serve to 
illustrate the ease with which equation (8) may be ap- 
plied to the solution of specific problems. 

If the solution under consideration contains an acid 
only (C, = 0), equation (8) reduces to 


C, — [H,0*] + [OH-] 
{H;0*] — [OH™] 





[H;0+] = K, (9) 


If the acid under consideration is a strong acid (K, > 
[H;0+])5, equation (9) reduces to the form 


C, — [H,0+] + [OH-] _ [H,0+] _ 4 
[H;0*] — [OH~] Ka 


This equation may then be further simplified to give 
C. — [H,0*] + [OH-] = 0 (11) 


(10) 





[H,0*+] = C, — [OH-] (12) 





5 If a strong acid is defined as one which is completely disso- 
ciated, K, must be equal to infinity. Strictly speaking such a 
definition is untenable, but the treatment which is given is also 
valid for finite values of K, provided K, >> [H;0*], or, as is 
apparent from equation (13), provided K, >C,. 
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Unless the acid is extremely dilute (CL < 10-*M), 
equation (12) may be still further simplified to give the 
familiar expression 


[H;0*] = C, (13) 


For a system containing a weak acid only, [H;0+] 
and [OH~-] are frequently neglibibly small in com- 
parison with C, and [OH~] is usually negligibly small in 
comparison with [H,;0+]. For this case equation (8) 
becomes 


C. 
fH,0*) 


As a specific example, this equation may be applied to 
the calculation of the hydronium ion concentration in a 
1.0 M solution of ammonium chloride. K, for ammonia 
is 1.75 X 10-> and therefore, from equation (7), 
K, for ammonium ion is 5.7 X 10-. Solution of 
equation (14) then gives [H;0+] = 2.4 X 10-°. From 
this value [OH~] is found to be 4.2 X 10-™. It is 
apparent from the magnitude of these quantities that 
the assumptions made in deriving equation (14) are 
valid for this particular system. 

If equation (14) is applied to the calculation of hy- 
dronium ion concentration in a solution 0.10 M in 
dichloroacetic acid (K, = 5.0 X 10-*), a value of 7.1 
X 10-*is obtained. It is immediately obvious that this 
solution is in error since [H;0*] is not negligibly small 
in comparison with C, as was assumed in the derivation 
of equation (14). For this particular system equation 
(8) may be simplified only to the extent 
C. — [H,0*] 

({H,0*] 


[H,O*] = Ka or [H;0*] = V K.C, (14) 


[H:0*} = K, (15) 


This quadratic equation may be readily solved by 
application of the general quadratic formula to give 


mor} = - B+ [+ KC, 


(16) 


Application of this equation to the dichloroacetic 
acid solution gives a value of 5.0 X 10-? for the hy- 
dronium ion concentration in the solution. 

Equations similar to those discussed above for solu- 
tions containing acids only (C, = 0) may be derived for 
solutions containing bases only (C, = 0). For solu- 
tions containing a strong base only (K, < [H;0*] or 
K, > C,) equation (8) becomes 

0+] =" or [0H-]=G, (17) 

'b 
provided the solution is not extremely dilute (C, < 
10-*M). For solutions of weak bases in which [OH~] 
< C,, equation (8) reduces to 
(H.0+] = «/ SE (18) 

b 
For solutions of weak bases in which the concentration 
of hydroxyl ion is not negligibly small in comparison 
with the stoichiometric concentration of the base, the 
following relationship is obtained. 





_K.K. 
ac, + se + a) Be. 40 + C, (19) 


[H;0*] = 


is obtained. 
Usually equation (8) may be reduced to the simple 
form 


[0+] = KS (20) 
b 


for calculation of hydronium ion concentrations in 
solutions containing both a weak acid and its conjugate 
base. It is apparent, however, that this equation is 
valid only when [H;0+] and [OH~-] are negligibly 
small in comparison with C, and C,. 

Equation (20) is useful not only for calculating 
hydronium ion concentrations in buffer solutions but 
also for calculating hydronium ion concentrations at 
various points during the course of a titration. The 
calculation of the hydronium ion concentration at 99.9 
per cent completion of a titration of 0.10 N ammonia 
(K, for the ammonium ion = 5.7 X 10-") with 0.10 
N hydrochloric acid will serve as an example of the 
latter calculation. At this point in the titration the 
concentration of ammonia (C,) is 5.0 X 10-5 M and 
the concentration of ammonium ion (C,) is 5.0 X 
10-2? M. The hydronium ion concentration is then 
given by equation (20). 

5.0 X 10-2 


+) = a ee a 
[H;0*] 5.7 X 10 5.0 X 10-8 


=57X10-7M (21) 
From this value the concentration of hydroxyl ion is 
found to be 1.75 X 10-* M. Since [H;0+] and 
[OH~] are in fact negligible in comparison with C, and 
C,, as was assumed in the derivation of the equation, 
the application of the equation for this calculation is 
valid. 

However, if equation (20) is applied to the calculation 
of hydronium ion concentration at 99.9 per cent com- 
pletion in the titration of 0.10 N hydrocyanic acid 
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(K, = 7.2 X 10-") with 0.10 N sodium hydroxide, a 
value of 7.2 X 10—"* is obtained. The concentration 
of hydroxyl ion is then found to be 1.4 X 10-*. Ob- 
viously in this case [OH~] is not negligibly small in 
comparison with C, and C,, and therefore the equation 
is not valid for this calculation. For this particular 
system equation (8) may be simplified only to the 
extent 


C, + [OH-] 


[H.0+] = Kt (22) 


which, after rearrangement and application of the 
quadratic formula, gives the following explicit equation 
for hydronium ion concentration 


Ky aoe K, C, Ky + K,' =) 4 KKe 
ent oe + 1 ( 2s 





(23) 


Application of this equation yields a value of 1.6 x 
10-"! M for the hydronium ion concentration, from 
which the hydroxyl ion concentration is found to be 
6.2 X 10-4 M. This particular example is an excellent 
illustration of the advantages offered by this method of 
approach in checking the results of a specific calcula- 
tion and in selecting the proper equation for the prob- 
lem under consideration. 

Although many more specific examples of the utility 
of equation (8) might be cited, those which have been 
discussed above serve to illustrate the versatility of this 
equation and to demonstrate the ease with which it may 
be adapted to fit any particular acid-base system. 
The method of approach which has been outlined 
offers significant advantages over methods which are 
based on the development of specific equations to fit 
specific conditions rather than on the development of a 
general equation which is valid for all types of cal- 
culations involving acid-base equilibria. 


THUNDERSTORMS 


Many explanations have been advanced to account for the production of elec- 


tricity during thunderstorms. 


One of the most recent investigations suggests 


that voltages may be built up by the freezing action in the formation of glaze 
hail from impure thunderstorm water. Laboratory tests have shown, for example, 
that when a weak solution of ammonium hydroxide is frozen, a potential difference 
as great as 235 volts is generated between the ice and the remaining liquid. 
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THE DISCOVERY OF THE NITROPARAFFINS 
BY VICTOR MEYER’ 


Ix orver that Victor Meyer’s discovery of the nitro- 
paraffins may be placed in proper perspective not only 
with his later work but also with the chemistry of the 
period, a brief account of his life will be given. Victor 
Meyer was born in Berlin on September 8, 1848. At 
the age of ten years he entered the gymnasium. When 
he was sixteen he entered the University of Berlin and 
remained there one semester only. The first lecture 
on chemistry that he heard was given by the famous 
A. W. Hofmann. In the autumn of 1865 he entered 
Heidelberg. Here he heard his first lectures on organic 
chemistry under Emil Erlenmeyer, and had the good 
fortune to study under such great men as Kopp (theo- 
retical chemistry), Helmholtz (physiological chemistry), 
Kirchoff (theoretical physics), and Bunsen (analytical 
chemistry). Shortly after receiving his Ph.D. degree 
(awarded without a thesis which was not required at 
that time) in 1868 he entered Baeyer’s laboratory in 
the Gewerbe Akademie in Berlin as an assistant. In 
1871 he accepted the position of professor at Stuttgart 
Polytechnic. He left this laboratory to accept a pro- 
fessorship at the Ziirich Polytechnic (1872-85). It was 
at Ziirich and at Géttingen (1885-89) that Meyer pro- 
duced his greatest work. In 1889 he returned to Hei- 
delberg to succeed Bunsen. It is interesting to note 
that one of his first undertakings there was to establish, 
as a requirement for the Ph.D. degree, a thesis which 
was to be based upon experimental research. Victor 
Meyer from early manhood had suffered from severe 
nervous headaches; even before he left Ziirich for 
Géttingen, these attacks had been accompanied by 
neuralgic pains; finally he became conscious that his 
long suffering was affecting the clearness of his thinking. 
On August 8, 1897, he ended his life with cyanide. 
The first research of Victor Meyer that attracted 
widespread attention to the genius of this great inves- 
tigator was his work on the nitroparaffins. Long be- 
fore 1871 it was noticed that there existed a striking 
difference between the aromatic and the so-called ali- 
phatic nitro compounds. This difference was very 
pronounced in the synthesis of the nitro derivatives. 





1 The subject of this paper was suggested by Professor Clara 
deMilt of Newcomb College, Tulane University, and the author 
appreciates her many helpful suggestions in its preparation. 

2? Meyer, Ricwarp, “Victor Meyer, Leben und Wirken eines 
deutschen Chemikers und Naturforschers”, Leipzig, 1917. 

3 An excellent account of the life and work of Victor Meyer is 
given in the Chemical Soeiety Memorial Lectures, Volume 3. 
This is a reprint of the address given by one of his students, Dr. 
T. E. Thorpe, before the Chemical Society, February 8, 1900 
(J. Chem. Soc., 1900, 169-206). 


GUSTAV SCHMIDT 


Tulane University, New Orleans, Louisiana 


The aromatic hydrocarbons are easily converted into 
nitro derivatives; the aliphatic are not. In the aro- 
matic series there is a general method; in the aliphatic 
series there existed no such general method. For lack 
of such a method there were only scattered examples of 
the so-called aliphatic nitro compounds. These com- 
pounds had been obtained for the most part by acci- 
dent. Meyer realized that if one takes for proof of 
the nature of the nitro compounds, reduction to the 
corresponding amine, then all the compounds which 
had been considered aliphatic nitro compounds do not 
fall into this class. But the reduction of chloropicrin 
(Cl;CNO:) to methylamine® produced the proof for the 
existence of the aliphatic nitro compounds. Kekulé* 
had reacted ethylene with fuming nitric acid and had 
obtained on reduction ammonia and ethylene glycol. 
In conjunction with this, there was the group of com- 
pounds, which were obtained by the action of ‘“Unter- 
saltpetersaure”’ (N:0,) on unsaturated aliphatic com- 
pounds. These were called nitroxides. Thus, one 
may list the amylenedinitroxide of Guthrie,’ Henry’s*® 
diallyltetranitroxide, and the tetrachloroethylenedini- 
troxide prepared by Kolbe.® 

When Meyer began research on the true aliphatic 
nitro compounds, very little was known of the nature of 
the compounds already prepared. Considerable specu- 
lation on their constitution had been brought forth, but 
the experimental evidence to support these postulations 
was lacking. The nitroxides were considered by Henry 
and Kolbe to be nitro compounds. The possibility of 
one, two, if not three types of compounds brought 
Mendeleev” to defend the existence of at least two func- 
tionally different nitro groups in the aliphatic series. 
The difference of the chemical reactions given by these 
groups depended upon the nature of the NO, group. 
In comparing the groups, he stated that only the ni- 
trites are known. Richter! stated that, if in the ni- 
trites and the nitro compounds, the NO, group possesses 
the same structure, it must follow that the binding of 
the nitro group to the carbon atom is through the nitro- 
gen atom. Thus it remained uncertain whether the 
nitrogen atom showed a valence of three or five. 





4 Meyer, V., Ann., 171, 1 (1874). 

5 Geisse, L., Ann., 109, 282 (1859). 

6 Kexu.e, A., Ber., 2, 329 (1869). 

7 Guturr, F., Ann., 119, 83 (1861). 

8 Henry, L., Ber., 2, 279 (1869). 

® Koss, H., Ber., 2, 327 (1869). 

10 MENDELEEV, D., Ber., 3, 990 (1870). 
1i Ricutsr, V., Ber., 4, 467 (1871). 
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Meyer reasoned that there were four possible isomers 
which would result from the action of N-O, on unsatu- 
rated compounds. Thus, by preparing the amylenedi- 
nitroxide and reducing it, the answer as to the validity 
of Henry’s and Kolbe’s viewpoint would be known. 


NO; ONO ONO: ONO 
C.Ehie CH Csi CsHio 
NO, NO, No ovo 
I I Il IV 


Compound I, upon reduction, would yield amylenedi- 
amine. Compounds II and III would give ammonia 
and hydroxyamylamine. Compound IV would yield 
only ammonia and amylene glycol. It was found that 
Guthrie’s amylenedinitroxide, when reduced with tin 
and hydrochloric acid, yielded only ammonia and amyl- 
ene glycol. Meyer concluded that, since only the glycol 
was obtained, the nitro group must be joined to the 
chain by means of an oxygen atom and not by the ni- 
trogen atom. This left only the nitrite compound, 
which was looked upon as an ester. Thus, he con- 
cluded that of the compounds containing the NOx, only 
two isomers existed, the nitrites and the nitro com- 
pounds. He also pointed out that the viewpoint of 
Henry and Kolbe was highly improbable. 

When the investigation of the nitroparaffins was 
started, Meyer was twenty-three years of age and pro- 
fessor extraordinary at Stuttgart. The investigation 
became his main research problem for four years. The 
first paper’? on the nitroparaffins appeared in 1872. 
Amyliodide was reacted with silver nitrite and the re- 
action assumed to proceed in the following manner. 
The authors made no suppositions as to the structure 
of the compound. 


C;Hul a AgNO, = AgI aad C;Hi NO, 


Shortly after this another paper appeared. Ethyl 
nitrite was known, and the reduction of this compound 
yielded ethyl alcohol. Using the general reaction de- 
veloped in the preparation of nitropentane, Meyer 
and Stiiber obtained nitroethane. What was more con- 
clusive was the fact that a small amount of the lower 
boiling nitrite was also obtained. “In order to estab- 
lish with certainty the constitution of these com- 
pounds, it was important to determine the molecular 
weight of one of them at least. Evidently the Stutt- 
gart laboratory did not have at its disposal a Hofmann 
vapor-density apparatus; for a sample of nitroethane 
was sent to Berlin to friend, Pinner, who delighted 
Victor with his results that confirmed the formula 
C2HsNOz. Who would have suspected at that time 
what a development this tool of theoretical chemical 
research was to attain later, and precisely in Victor’s 
hands.’’!4 

The acidic properties of the nitro compounds were 





12 Meyer, V., anp O. Sriser, Ber., 5; 203 (1872). 
13 Meyer, V., AND O. Sruser, Ber., 5, 399 (1872). 
14 Mayer, R.., op. cit., p. 63. 
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first noticed when it was found possible to dissolve them 
in dilute base and reform them by the careful addition 
of dilute acid. Sodium was found to react with the 
nitro compounds to liberate hydrogen gas and the re- 
action resulted in the formation of the sodionitroparaf- 
fins. Meyer always considered the sodium atom at- 
tached to the carbon atom adjacent to the nitro group. 
It was not until 1894 that Nef postulated that the 
chemical behavior of the molecule is such as to suggest 
that the sodium is attached to the oxygen in the nitro 
group, leaving a double bond between the nitrogen 
atom and carbon atom.'® Victor Meyer accepted this 
structure. 

The meager salary of the young professor was a con- 
stant obstacle to research. Meyer remarked that “he 
was obliged to provide himself with costly reagents for 
his scientific research, as silver nitrite, for the prepara- 
tion of the nitro compounds.”® On another occasion, 
Meyer wrote that he was thinking of leaving Stuttgart 
to work under Baeyer at Strassburg: ‘‘All the material 
for my experiments would be there, for he has an annual 
budget of six thousand thalers, and recently he said to 
me when I was complaining that my work on the nitro 
compounds is so expensive because of the awful price of 
iodine, that I could just waste iodine to the extent of 
from one hundred to two hundred thalers a year on his 
account,’’!” 

Meyer left Stuttgart in June, 1872, to become pro- 
fessor and head of the laboratory at Zurich. “It goes 
without saying that the experiments that had been in- 
terrupted at Stuttgart were taken up again with all 
energy. Unfortunately, immediately at the beginning 
an accident happened. Victor’s private assistant, A. 
Rilliet, prepared the mercury compound of nitro- 
ethane, which exploded in his hand with unprecedented 
violence and injured his hand and one eye so seriously 
that he was obliged to give up activity in the labora- 
tory. To replace Rilliet, Meyer obtained Wurster, 
who had assisted him at Stuttgart.”?* Shortly, a paper 
appeared on the action of bromine on the nitroparaf- 
fins. This reaction was investigated in detail by 
Meyer and Tscherniak” in 1874. A primary nitro- 
compound yielded a mono or dibromo derivative; a 
secondary nitroparaffin formed only a monobromo de- 
rivative. The monobromo derivative was found to be 
more acidic than the unsubstituted derivative, whereas 
the disubstituted compounds were found to be neutral. 
From this time on, Meyer published work on the effect 
of certain so-called negative groups on the character 
of the compounds containing them. 

The next phase of research embraced the nitrolic 
acids, which were discovered quite by accident, and the 
pseudonitroles. “The ethyl nitrolic acid, whose de- 
scription you have read I date say in the ‘Reports,’ 





6 Ner, J., Ann., 280, 263 (1894). 

16 Meyer, R., op. cit., p. 71. 

Meyer, R., op. cit., p. 66. 

1% Meyer, R., op. cit., p. 75. 

1” Meyer, V., aNnD C. WursteRr, Ber., 6, 94 (1873). 

® Meyer, V., anD J. TscHERNIAK, Ber., 7, 712 (1874). 
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keeps me most actively occupied. ... These things 


‘keep me so busy that I really do little other work be- 


sides.””24. Ethyl nitrolic acid was prepared by the ac- 
tion of nitrous acid on nitroethane.?? Meyer? first 
proposed Structure I but altered in favor of II or ITI. 
It was not until Meyer and Locher*™ discovered that 
dibromonitroethane reacts with hydroxylamine to 
give ethyl nitrolic acid, that the accepted Formula IV 


N—ONO 0 O» NO, 
CH;CH cu,con NH cHcon cH. 

O Ng NH NOH 

I I Ill IV 


was obtained. An analogy used by Meyer is of in- 
terest. The action of nitrous acid on primary, second- 
ary, and tertiary amines is comparable to its action on 
the nitroparaffins. Aniline is converted into the diazo- 
benzene derivative; ethyl aniline yields N-nitroso- 
ethylaniline; no reaction takes place with diethylani- 
line with respect to substitution on the nitrogen atom. 
The reaction of primary nitro compounds with nitrous 
acid yields nitrolic acids; secondary nitro compounds 
yield pseudonitroles; tertiary nitro compounds do not 
react. The utilization of this reaction whose products 
gave different colored solutions was employed by Meyer 
to differentiate indirectly between primary, secondary, 
and tertiary alcohols and halides; the nitroparaffins 
could be identified directly. “I am now so occupied 
with these surprising results that I have no leisure to 





21 MEYER, R., op. cit., p. 83. 

22 Meyer, V., aNp C. WoursteERr, Ber., 6, 1168 (1873). 
23 Meyer, V., Ber., 6, 1492 (1873). 

* Meyer, V., Ber., 7, 425 (1874). 

% Meyer, V., aND J. Locuer, Ber., 7, 1137 (1874). 
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pursue in peace another highly important line, which it 
really should be my duty to finish first.”** It was in 
conjunction with this and earlier investigations that 
the action of dilute sulfuric or hydrochloric acid on 
primary nitro compounds to yield the corresponding 
aliphatic carboxylic acids and the hydroxylamine salt 
was clarified.” On May 31, 1875, Meyer announced 
the discovery of the first nitroaliphatic-aromatic azo- 
compound: “I tell you the following under the seal of 
secrecy. If a salt of diazobenzene is brought together 
with sodionitroethane, instantly these separate out and 
without evolution of a gas, a gorgeous yellow-red 
body... .”™ 

The importance of Meyer in this field can best be 
summed up by quoting from a letter written to his 
brother, Richard. “Sometime ago, I had a very civil 
letter from Kolbe (quite amazing from this tyrant!) in 
which he expresses himself as very appreciative of my 
work on the nitroparaffins, and solemnly turns over to 
me the whole field for cultivation, as also the reactions 
that he reserved to himself, ‘since he is certain that in 
my hands the investigation will be carried out in a 
manner very beneficial to science.’ ”’” 

This study of the aliphatic nitro compounds eventu- 
ally led Victor Meyer to the discovery and preparation 
of the oximes of aldehydes and ketones. The dike- 
toximes exhibited isomerism and thus it happened that 
Meyer became absorbed in the study of stereoisomerism, 
which study led him finally in Heidelberg to his gen- 
eralization on the difficulty of the esterification of the 
ortho-disubstituted benzoic acids. 





% Meyer, R., op. cit., p. 84. 

7 Meyer, V., aNv J. Locuer, Ann., 180, 163 (1875). 
% Meyer, R.., op. cit., p. 89. 

* Meyer, R., op. cit., p. 88. 
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MOSES AS CHEMIST’ * 


The chemical treatment of water is by no means new. In the Exodus is a very interesting refer- 
ence to this. It comes at the point where Moses has brought the Israelites safely to the far side 
of the Red Sea. Then, for three days, you will remember, they wandered through the wilderness 
looking for water. When they came to a place called Marah they found water but it was so bitter 
that they could not drink it. One can well imagine their anguish. In a masterpiece of under- 
statement, the King Jemes version states that the people “murmured” against Moses. That is 
not the way we would imagine it under such circumstances but at any rate when Moses went to 
the Lord for help he was shown a tree “which when he had cast it into the waters, the waters 


were made sweet.” 


There is no further explanation of what took place. 


To the Israelites it must indeed have 


seemed a miracle. In the light of modern chemistry one can suggest the possibility of base ex- 
change action between the oxidized cellulose of the tree and the magnesium salts often found in 
desert waters and which if present, would have caused the evil taste of the waters of Marah. 
Whatever the process involved, here must be one of the earliest records of chemical water 


treatment, ‘. 





1 The following is reproduced from Silicate P’s & Q’s, Vol. 29, No. 9, Philadelphia Quartz Com- 


pany, 1949. 











I rue first course in quantitative analysis it is often 
desirable to give some independent confirmation of pH 
values obtained by calculation and with indicators. 
The cost of a high precision pH meter often prohibits 
its general use. Furthermore, the complexity of the 
available instruments makes it difficult to show the prin- 
ciple of operation. The compact unit described here 
has been quite useful for demonstrating the determina- 
tion of independent pH values and for illustrating the 
principles of potentiometric measurements. When 
connected with the proper half cells it may also be used 
for oxidation-reduction titrations. 

Figure 1 shows the general appearance of a laboratory 
model and Figure 2 is the wiring diagram. This unit 





1 Present Address: Department of Chemistry, Alabama 


Polytechnic Institute, Auburn, Alabama. 





Figure 1 


AN INEXPENSIVE UNIT FOR ELECTROMETRIC 
MEASUREMENTS 


560 


JOHN M. CHILTON', JAMES W. COLE, and 


PRESTON H. LEAKE 
University of Virginia, Charlottesville, Virginia 











TABLE 1 
Calibration with Clark and Lubs Buffer Solutions 
Voltage Voltage, Voltage, 

pH form 4 scale 1 Ratio scale 2 Ratio 
1.0 0.394 1.96 0.201 
3 0.382 1.88 0.203 
1.4 0.370 Lae. 0.209 
1.6 0.358 ie 0.204 
1.8 0.346 1.67 0.207 
2.0 0.334 1.63 0.205 
2.2 0.322 1.59 0.202 
2.4 0.310 1.53 0.203 
2.6 0.298 1.46 0.204 
2.8 0.286 1.39 0.206 
3.0 0.274 1.33 0.206 
3.2 0.262 1.27 0.206 2.54 0.103 
3.4 0.250 1.2 0.205 2.45 0.102 
3.6 0.238 1.15 0.207 2.31 0.108 
3.8 0.226 1.09 0.207 2.19 0.103 
4.0 0.214 1.04 0.206 2.05 0.104 
4.2 0.202 0.98 0.206 1.94 0.104 
4.4 0.190 0.92 0.206 1.83 0.104 
4.6 0.178 0.84 0.210 1.73 0.103 
4.8 0.166 0.80 0.208 1.59 0.104 
5.0 0.154 0.75 0.206 1.47 0.105 
5.2 0.142 0.68 0.209 1.36 0.104 
5.4 0.130 0.63 0.206 1.24 0.105 
5.6 0.118 0.57 0.207 Lz 0.105 
5.8 0.106 0.52 0.204 1.06 0.100 
6.2 0.082 0.40 0.205 0.79 0.104 
6.4 0.070 0.34 0.206 0.67 0.104 
6.6 0.058 0.28 0.207 0.57 0.102 

Av. 0.206 0.104 





was constructed from parts availabie in the laboratory 
plus equipment usually carried by radio supply com- 
panies. The total cost of the unit described, exclusive 
of the voltmeter and external electrodes, was about 
$20. In operation a known multiple of the e. m. f. 
of the external cell is read directly from a voltmeter, the 
quality of which determines the accuracy of the measure- 
ment. A panel-mounting voltmeter (0-3 volts, d. c.) 
costing only $1.27 gave two-figure accuracy. A Weston 
A-32-180 voltmeter costing about $10 gave the slightly 
better values in Table 1. 

Power for the unit is supplied by two No. 6 dry cells, 
connected in series. The required fraction of the im- 
pressed voltage is obtained by potentiometer, R, (20 
ohm, 1 watt, linearly wound, for radio use). The result- 
ing current goes through the DPDT, miniature knife 
switch to the second potentiometer, Re, Rs, Rs, which 
is a spiral made from a single piece of 28-gage chromel 
wire. The total length is about 100 cm. with contacts 
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C and D at 0.1 and 0.2 of the total length. The switch 
eliminates the necessity of reversing leads to the cell if 
the polarity changes during the titration. The second 
potentiometer allows either of two predetermined frac- 
tions of the e. m. f. on the voltmeter to be applied against 
the e. m. f. of the cell. The switch is a “center-off”’ 
toggle switch, which also may serve as the push button. 
A pilot light may be inserted across A and B if desired. 

A Leeds and Northrup galvanometer, No. 2320 with 
pointer, served nicely to show when the e. m. f. of the 
cell is balanced by the applied voltage. The leads from 
the cell are connected to the unit by two “banana 
plugs” and insulated jacks. The housing for the com- 
plete unit, including the dry cells, was constructed from 
5-ply wood for the bottom and sides, and 3-ply wood 
for the top. The switches, jacks, voltmeter, potenti- 
ometers, and connecting wires were mounted under the 
top, which had a U-shaped cut around the galvanometer 
and which was hinged to the back. This arrangement 
enabled one to demonstrate readily the workings of the 
various parts. 

A convenient and compact calomel cell, Figure 3, was 
fabricated from three pieces of pyrex tubing of 5, 11, 
and 13 mm. outside diameter as follows: One end of a 
piece of 13-mm. tubing was constricted so that a ring 
seal could be made with the 5-mm. tubing. The 5-mm. 
tubing was constricted about 3 cm. from the end to form 
the reservoir for mercury. After making the ring seal 
both ends of the 5-mm. tube were blown open and the 
tubes cut so that the 5-mm. tube had a length of about 
12 cm. and the 13-mm. tube a length of about 5 cm. 
from the ring seal. Next the 5-mm. tube was packed 
up to the constriction with a calomel paste prepared 
by grinding a mixture of mercury and reagent grade 
mercurous chloride with just enough saturated potas- 
sium chloride to moisten. The paste was held in place 
by a small wad of pyrex glass wool, and the end of the 
tube brought to a small opening with a fine-pointed 
flame. The top end of the 5-mm. tube was filled with 
mercury. The cap for the reservoir was a bead made 
from 5-mm. soft glass tubing with a piece of platinum 
wire sealed in of sufficient length to extend well below 
the surface of the mercury. ‘The cap was held in place 
with ‘Pyseal” cement (Fisher Scientific Company). 
Next, one end of the 11-mm. tubing was closed with the 
exception of a minute hole. Several trials may be 
necessary before a hole can be obtained of diameter large 
enough for contact but sufficiently small so that the 
liquid does not run out. A side arm was attached about 
12 cm. from the end with the hole and the tube cut off 
about 2 cm. above the side arm. Finally the tube con- 
taining the calomel was put inside the 11-mm. tube and 
the 13-mm. jacket sealed with “‘Pyseal.” When not in 
use the lower end of the cell was closed with a rubber 
cap made from 1l-mm. rubber tubing. The side arm 
was closed with a small rubber stopper. The only ad- 
justment necessary is the occasional addition of satu- 
rated KCl through the side arm so that the level is 
maintained just below the side arm. 
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For the pH measurements in Table 1, the calomel 
electrode was immersed in Clark and Lubs buffer solu- 
tions in a 100-ml. beaker containing a few crystals of 
commercial quinhydrone. The other electrode was a 
4-cm. length of cleaned platinum wire in the form of a 
spiral. The theoretical voltage of the saturated quin- 
hydrone-saturated calomel cell at 25°C. was cal- 
culated from E = 0.4534-—0.0591 pH. The ratio of 
observed voltage to the calculated value is surprisingly 
constant considering the cell was operated at the tem- 
perature of the room. A plot of pH versus voltage 
for each scale gives two practically straight lines which 
cross at zero voltage with a pH value of 7.6. This is in 
good agreement with the theoretical value. Such a plot 
is useful in translating voltage readings to pH values. 

For one demonstration, the pH of a sample of tap 
water was determined. The voltage read on the 0.104 
scale was 0.94 volt. This corresponds to a pH value of 
5.9. This sample was then checked with a Beckman 
pH meter and the value 5.85 was obtained. Similar 
demonstrations were done, for example, with solutions 
of acetic acid, alone and in mixtures with known 
amounts of sodium acetate. The calculated values for 
pH were in good agreement with those observed with 
indicators and with instruments. 
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A BIBLIOGRAPHY OF CHEMISTRY PROJECTS 


AND DEMONSTRATIONS, 1940-49 


Cuemisrry teaching without student participation is 
teaching without the punch it should have. Many 
teachers ‘“‘waste”’ valuable time attempting to get such 
participation into classwork. In view of this the 
author is of the opinion that a better plan is for the 
teacher to do the major portion of the class demonstra- 
tions and to reserve most student activities of this 
type for after-class sessions and club work, where the 
real job of learning fundamentals is not delayed, and 
the student is free, in an informal setting, to have the 
fun that should accompany such experiences. 

There are many ways of getting students interested 
in such an after-class program. One is to make a 
few suggestions, to show them a bibliography similar 
to the following for the purpose of arousing interest 
and stimulating thought, and then simply to guide them 
in what they want to do. The author has spent many 
pleasant hours in activities of this type, frequently 
learning more than the students. 

From, and for, such experiences the author began 
keeping a list of suitable references in 1929. The first 
one hundred were published in 1940.1 The following 
summary brings the list to date thus making available 
ready reference material for the past twenty years. 


(1) Apranams, H. J., “Chemistry demonstrations as entertain- 
ment,” Sci. Ed., 25, 24 (Jan., 1941). 

(2) ApraHams, H. J., anp W. Burtsrer, “A simple demon- 
stration ultramicroscope,”’ J. Cuem. Epuc., 18, 378 
(1941). 

(3) Atyga, H. N., “Demonstration techniques,” ibid., 25, 249 
(1948). 

(4) Arenson, S. B., “Demonstrations involving photography,” 
ibid., 18, 122 (1941). The demonstrations do not re- 
quire a darkroom. 

(5) ARENsoN, S. B., ‘Lecture demonstrations in general chem- 
istry,” ibid., 17, 434, 469, 513 (1940). Eighteen dem- 
onstrations with instructions for carrying them out. 

(6) Arnozp, H. J., ‘“Metallie sodium from sodium chloride— 
a simple experiment,” Sci. Ed., 24, 42 (Jan., 1940). 

(7) Bartz, M., “Science assembly programs,’’ Sch. Sci. and 
Math., 42, 17 (Jan., 1942). 

(8) Bacon, E. K., “Miscellaneous experiments,” J. CHEM. 
Epuc., 25, 251 (1948). 

(9) Baunsen, M. J., “Porcelain enamel—its manufacture and 
application,” ibid., 25, 493 (1948). 

(10) Bamey, C. F., R. S. Casey, anp R. Neat, “Experiments 
with writing inks,” ibid., 24, 429 (1947). 

(11) Baxer, R. A., “New cryophorus forms,” ibid., 25, 259 
(1948). 





? Derrick, J. O., “One hundred high-school chemistry proj- 
ects,” J. Cuem. Epuc., 17, 492 (1940). 
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(12) Beurz, J. C., “Lecture demonstration on oil films,” Sch. Sci. 
and Math., 41, 237 (Mar., 1941). 

(13) Breen, E. J. H., “Hardness in water—a demonstration,” 
J. Cue. Epuc., 26, 196 (1949). 

(14) BuanKensurP, F., anp P. Donatpson, “An improved dem- 
onstration experiment on gas adsorption,” ibid., 26, 105 
(1949). 

(15) Bore, F. 8., “Laboratory experiments dealing with the 
manufacture of paints,” zbid., 24, 592 (1947). 

(16) Brooks, W. O., “Model of an oxygen atom,” ibid., 24, 245 
(1947). 

(17) Brown, F. E., ‘“‘Conductivity and a time reaction,”’ zbid., 
25, 256 (1948). 

(18) Burxerr, H., “Demonstration polarimeter,” ibid., 26, 273 
(1949). 

(19) Catpwe.t, W. E., “Lecture demonstration of ore flota- 
tion,” zbid., 26, 541 (1949). 

(20) CampseE tL, J. A., “Rates of reactions,’’ zbid., 25, 498 (1948). 

(21) Casrxa, J. F., “Demonstration of electrolytic extraction 
of aluminum,” ibid., 18, 193 (1941). 

(22) Castxa, J. F., “Demonstration on preparation and mold- 
ing of plastics,”’ ibid., 20, 253 (19438). 

(23) ‘Chemical magic,” Pop. Mech., 81, 46 (Feb., 1944). 

(24) “Chemistry’s secret agents,” Sci. Digest, 23, 75 (May, 
1948). Condensed from The Lamp (Jan., 1948). 

(25) ‘Chlorine experiments show how industry uses versatile 
gas to effect many of its common miracles,”’ Pop. Sci., 
141, 440 (Dec., 1942). 

(26) “CCHON, four elements chart the laws of all chemistry,” 
Life, 12, 74 (March 23, 1942). 

(27) Coox, G., “A lecture experiment on dyeing,” J. CHEM. 
Epuc., 17, 330 (1940). 

(28) Curtis, W. C., “Models and demonstrations,’’ ibid., 19, 
458 (1942). A list of 39 models—some with references; 
and 41 demonstrations—somé with references. 

(29) Curtis, W. C., “Project teaching in high-school chemis- 
try,” ibid., 21, 547 (1944). Project suggestions with 
many demonstrations. 

(30) Damerge.t, V. R., anp H. Brock, “Colloidal gardens from 
metasilicate,” zbid., 26, 148 (1949). 

(31) Daueuerty, T. H., “Sequestration, dispersion and dilat- 
ancy, lecture demonstrations,” zbid., 25, 482 (1948). 

(82) Davis, T. L., “Pyrotechnic snakes,” ibid., 17, 268 (1940). 

(33) Durrtcx, J. O., ‘One hundred high-school chemistry proj- 
ects,” tbid., 17, 492 (1940). 

(34) ‘Easy experiments show how industry combines electric‘ty 
and chemistry,” Pop. Sci., 140, 198 (1942). 

(35) Exret, W. T., “Spontaneous combustion,” J. Cem. Epuc., 

25, 250 (1948). 

(36) Exper, A. L., anp K. G. Bartterr, “Science programs for 
adult radio listeners,” ibid., 18, 190 (1941). 

(37) ‘Experiments with cold light,” Pop. Sci., 154, 206 (April, 
1949). 

(38) FeRNanpgz, J., anp S. H. Lesowrrz, ‘Model of a mass 
spectrograph,” J. Cuem. Epuc., 26, 334 (1949). 

(39) Ficxien, J. B., “Dust explosions,” ibid., 19, 131 (1942). 

(40) Fisuer, J. W., “Occupational guidance in high-school chem- 
istry,”’ cbid., 25, 99 (1948). 
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(41) ‘Food chemistry shown by simple kitchen experiments,” 
Pop. Sci., 139, 197 (Dec., 1941). 

(42) Fraser, G. L., “Selected references to biographical 
sketches of one hundred well known chemists,” J. CumM. 
Epuc., 20, 506 (1943). 

(43) Frornicu, H. C., “Mercury vapor made visible,” ibid., 
19, 314 (1942). 

(44) Fromm, F., “A simple classroom demonstration of the 
manufacture of rayon,’’ ibid., 20, 197 (1943). 

(45) Fromm, F., ‘Lecture experiment on the synthesis and 

combustion of ammonia,” ibid., 19, 230 (1942). 

(46) Giuttetre, E. C., anp F. 8. Ross, “Displacement of halo- 
gens,” ibid., 25, 257 (1948). 

(47) GorckEL, H. J., ‘A universal hydrogen-ion indicator for 
chemistry demonstrations,” ibid., 25, 258 (1948). 

(48) Gounpry, R. A., “Artificial radioactivity produced in a 
high-school laboratory,”’ ibid., 24, 456 (1947). 

(49) GrassEL, E. E., “A model demonstrating the cyclotron 
principle,”’ ibid., 20, 460 (1943). 

(50) Hatenz, H. F., anp L. W. Botmer, “Methyl methacrylate 
as imbedding agent,”’ ibid., 19, 313 (1942). - 

(51) Hatt, G. A., “A sodium atom model for lecture demonstra- 
tion,” ibid., 24, 564 (1947). 

(52) Hausen, 8. S., anp R. 8. Sreaet, ‘‘A simple demonstration 
of the oxidation of ammonia to nitric acid,” zbid., 20, 
166 (1943). 

(53) Hausen, 8. §., anp R. S. Srecet, “A modification of the 
demonstration of the Ostwald process,” zbid., 25, 259 
(1948). 

(54) Hazitenurst, T. H., ‘Phenomena at interfaces—hanging 
bubbles and rolling drops,” ibid., 25, 252 (1948). 

(55) Hirscuorn, I. 8., “Demonstration of the burning of a 
candle,”’ zbid., 18, 107 (1941). A demonstration to show 
that burning is accompanied by an increase in weight. 

(56) Hotusr, A. C., “Synthetic rubber, a classroom demonstra- 
tion,” ibid., 21, 588 (1944). 

(57) “Home chemistry formulas for household emergencies,” 
Pop. Sci., 139, 190 (July, 1941). 

(58) ‘Home experiments demonstrate vapor pressure,’’ ibid., 
146, 202 (May, 1945). 

(59) ‘Home tests with common salt,” ibid., 139, 197 (Nov., 
1941). 

(60) ‘How chemicals generate electricity,” ibid., 145, 198 (Sept., 

: 1944), 

(61) James, F. L., “Drying apparatus for flasks,” J. CHem. 
Epuc., 17, 400 (1940). 

(62) Jenkins, E. F., anp Orxers, “An apparatus to demon- 
strate the continuous manufacture of rayon,’’ ibid., 18, 
433 (1941). 

(63) Jonnson, L. D., ‘‘Chemiluminescence or cold light investi- 
gations,”’ ibid., 17, 295 (1940). 

(64) KercHevat, J., anpD L. A. ARMBRUSTER, “Hydrogenation, 
a demonstration for classroom,” ibid., 21, 12 (1944). 

(65) Kesset, W. G., “Energy change—oxidation without oxy- 
gen,” tbid., 25, 261 (1948). 

(66) Kesset, W. G., ‘Some reactions using test tubes,” zbid., 25, 
497 (1948). 

(67) Krerrer, W. F., anv J. M. Resxo, ‘Colored signal smokes, 
a demonstration,” ibid., 22, 385 (1945). 

(68) Kine, L. C., ann R. E. Peterson, “The use of egg albu- 
min to demonstrate colloidal phenomena,”’ ibid., 25, 
488 (1948). 

(69) Kinrror, W., “Laboratory experiments with chemical 
warfare agents,” ibid., 25, 609 (1947); 25, 36 (1948). 

(70) Kreuineer, C. C., “A sensitive student balance,” ibid., 17, 
227 (1940). 

(71) ‘Kitchen chemistry clarifies complex processes,” Life, 15, 

122 (Oct. 4, 1943). 

(72) Kraus, J. H., “Experiments with kitchen chemicals,” Sci- 
ence N. L., 40, 360 (Dec. 6, 1941). 

(73) Kueuner, A. L., “Monomolecular film demortstrations,” 

J. Cuem. Epuc., 19, 27 (1942). 
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(74) Kuruner, A. L., “New tough films and bubbles,” ibid., 25, 
211 (1948). 

(75) L’Autemanp, G., “Richest lake in the world,” J’ravel, 91, 
15 (July, 1948). 

(76) Leepy, W. G., ‘The phenomena of chemiluminescence,” 
J. Cue. Epuc., 21, 142 (1944). 

(77) Lone, R. H., “Apparatus for demonstrating adsorption of 
charcoal,’’ Sch. Sct., and Math., 26, 423 (May, 1946). 

(78) Lone, R. H., “Demonstrations for general chemistry,” 
ibid., 49, 453 (June, 1949). 

(79) Lone, R. H., “Some demonstrations for beginning chem- 
istry,” ibid., 47, 6 (Jan., 1947). 

(80) Lone, R. H. “Some simple ways of demonstrating chemical 
principles,” ibid., 47, 499 (May, 1947). 

(81) Lourss, Sister C., “Kem-chek,” J. Cuem. Epvuc., 20, 
27 (1943). A game “designed to furnish drill in certain 
fundamentals of chemistry.” 

(82) Lyans, R. C., “Student-made visual aids,” ibid., 21, 241 
(1944). 

(83) ‘“Magic of chemurgy duplicated in the home laboratory,” 
Pop. Sci., 140, 199 (Feb., 1942). 

(84) Martin, D. R., “Lecture demonstrations of electrochemi- 
cal reactions,” J. Camm. Epuc., 25, 495 (1948). 

(85) Mayrosgz, W., “A model of a modern sewage treatment 
plant as a project in high-school chemistry,” ibid., 17, 
167 (1940). 

(86) McCuttocs, L., “Demonstration of combustion by ca- 
talysis,” ibid., 23, 524 (1946). 

(87) McCuttocn, W. §., “Demonstrating interfacial tension,’’ 
ibid., 26, 338 (1949). 

(88) McGurrg, W. &., “An improved conductivity apparatus,” 
tbid., 17, 381 (1940). 

(89) McLavucuuyy, R. R., anv D. Aziz, “A lecture experiment 
to demonstrate the adsorption of gases by solids,’’ ibid., 
26, 325 (1949). 

(90) Mexprum, W. B., “Demonstrations using a divided pro- 
jection cell; electrolysis and oxidation-reduction reac- 
tions,” ibid., 25, 490 (1948). 

(91) Metprum, W. B., “Demonstrations using the ferroxyl- 
reagent,”’ ibid., 25, 254 (1948). 

(92) Meyer, M., “A jet propulsion apparatus,” ibid., 22, 176 
(1945). 

(93) Mutter, S. P., ‘A demonstration of the conductivities of 
dilute and concentrated sulfuric acids,” ibid., 26, 317 

F (1949). 

(94) Mrrcne.t, E. T., “Some lecture experiments using rubber 
balloons,” ibid., 18, 269 (1941). 

(95) Murray, K., “Ten home-laboratory short cuts,’ Pop. 
Mech., 91, 194 (May, 1949). 

(96) ‘New magic from test tubes,’’ zbid., 79, 1 (Feb., 1943). 

(97) Nouer, C. R., “Optical activity—lecture demonstration,” 
J. Cuem. Epuc., 26, 269 (1949). 

(98) Norton, F. J., “Experiments with silicones and a model 
mass spectrometer,”’ ibid., 25, 256 (1948). 

(99) Norton, F. J., “A model mass spectrometer,” zbid., 25, 
677 (1948). 

(100) ‘Parlor puzzlers,” Readers’ Digest, 42, 15 (March, 1943). 

(101) Prraa, J., “A simple sublimation apparatus,” J. CHEM. 
Epvuc., 23, 403 (1946). 

(102) Porter, W. A., “Electrolysis of salt solutions and sources 
of current for electrolysis demonstrations,’ Sch. Sci. 
and Math., 42, 539 (June, 1942). 

(103) Powrrs, W. H., “Winners of the Nobel prize for chemis- 
try, physics, physiology and medicine,” J. Cem. 
Epuc., 26, 353 (1949). 

(104) Porrsr, R. D., ‘Fabrics of the future,” Sci. N. L., 37, 106 
(Feb. 17, 1940). 

(105) ‘Professional tricks will better your lab technique,” Pop. 
Sct., 143, 307 (July, 1943). 

(106) Rawson, V. R., anp R. W. Prem, “A demonstration 
model of atomic structure,” J. Cuem. Epvuc., 25, 260 
(1948). 
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(107) Riecet, E. R., ann Oruers, “Bredig sols: 
demonstration,”’ ibid., 26, 519 (1949). 

(108) Rosen, J. S., “Demonstrations on some incendiary mate- 
rials,’ Sch. Sct. and Math., 43, 630 (Oct., 1943). 

(109) ScuensBeRrg, S., “Qualitative synthesis of water by volume, 
a classroom demonstration,’ J. Cuem. Epuc., 22, 537 
(1945). 

(110) Scuerer, G. A., “A general chemistry experiment in radio- 
activity,” tbid., 26, 111 (1949). 

(111) Scumrrt, C, A., “The chemistry of writing inks,” zbid., 21, 
413 (1944). 

(112) ScHNooseRGER, W., “Merry Christmas to all,” ibid., 17, 
593 (1940). A brief description of how a christmas tree 
may be decorated with odds and ends of chemicals and 
apparatus. 

(113) Scuumakenr, E. F., “Refrigeration, a demonstration for the 
classroom,” ztbid., 21, 195 (1944). 

(114) SLaBavuen, W. H., “Lecture demonstrations—flotation and 
derivation of the equilibrium constant,” ibid., 26, 430 
(1949). 

(115) Staspauan, W. H., “A lecture demonstration of nuclear en- 
ergy,” tbid., 25, 679 (1948). 

(116) Sorvum, C. H., “Lecture demonstrations for general chem- 
istry; chemical equilibrium and common ion effect,” 
ibid., 25, 489 (1948). 

(117) Srermsacu, O. F., “Some experiments with primary 
cells in silicic acid gels,” zbid., 21, 32 (1944). 

(118) Srong, C. H., “Crystallization,” ibid., 23, 404 (1946). 

(119) Strong, C. H., “Guide posts to successful teaching,” ibid., 
19, 598 (1942). A lecture “punctuated” with 21 inter- 
est-arousing demonstrations. 

(120) Srong, C. H., “Hydrogen peroxide,” ibid., 21, 300 (1944). 
Twenty-six experiments using hydrogen peroxide. 

(121) Srong, C. H., “Simple projects for beginners,” ibid., 22, 
136 (1945). 

(122) “Sugar, vital food for men and guns,” Pop. Sci., 141, 378 
(Nov., 1942). 

(123) Swezey, K. M., “Carbon, foundation of life, most prolific 
of elements,” ibid., 142, 248 (June, 1943). 

(124) Swezey, K. M., “Catalysts, secret agents of chemistry,” 
ibid., 144, 190 (Feb., 1944). 

(125) Swezey, K. M., “Chemistry, weapon in the war on crime,”’ 
ibid., 145, 218 (Aug., 1944). 

(126) Swezey, K. M., “Elements with dual personality,” zbid., 
142, 105 (April, 1943). 

(127) Swezey, K. M., “How to put on a chemical show,” ibid., 
141, 190 (Aug., 1942). 

(128) Swezxy, K. M., ‘Magical tricks worked with chemistry,” 
ibid., 143, 565 (Nov., 1948). 

(129) Swezey, K. M., “Mysterious phosphorus, the alchemist’s 
element,”’ ibid., 144, 176 (Jan., 1944). 

(130) Swezey, K. M., “Mystifying tricks for the dinner table,” 
ibid., 141, 252 (Sept., 1942). 

(131) Swezey, K. M., “Oxygen, main-stay of life; home experi- 
ments explain how fire and corrosion act,” ibid., 143, 432 
(Sept., 1943). 
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(182) Swezny, K. M., “Silicon; sociable element; it cannot be 
found alone,” zbid., 143, 368 (Aug., 1943). 

(133) Swzzey, K. M.., “Sulfur, cornerstone of modern industry,” 
tbid., 142, 41 (March, 1943). 

(134) Swezey, K. M., “Testing household products,” ibid., 144, 
194 (June, 1944). 

(135) Swuzey, K. M., “Unfriendly element, nitrogen,” ibid., 142, 
568 (Feb., 1943). 

(136) Swezey, K. M.., “Water starts a fire,” ibid., 153, 234 (Sept., 
1948 


). 
(137) Swezey, K. M., “What fats do; their esters used for making 
soap, scents, and explosives,’’ ibid., 142, 504 (Jan., 1943). 
(138) Tapurrz, B., ‘Chemistry of fireproofing,” ibid., 143, 504 
(Oct., 1943). 
(139) ‘“There’s magic in chemistry,” zbid., 154, 206 (April, 1949). 
(140) THomprson, T. G., ‘Two lecture demonstrations,” J. 
Cuem. Epuc., 20, 377 (1943). Function of gas mask 
filters and two characteristics of chemical warfare gases. 
(141) Tuonz, F., “Chemical riches from oil; explosives, drugs, 
fertilizers, and plastics for war,’’ Sci. N. L., 42, 6 (July, 
1942). 

(142) Tarun, W. E., anp J. M. Lien, “Demonstrations of gas 
explosions,” J. Comm. Epuc., 18, 375 (1941). 

(143) Toporex, S., “‘A model foam-type fire extinguisher,” ibid., 
24, 458 (1947). 

(144) “Tricks with magic paint,” Pop. Mech., 76, 88 (Oct., 1941). 

(145) ‘Try these on your friends,” ibid., 76, 78 (Dec., 1941). 

(146) Wane, R. B., “The cause of color in precious stones,’’ J. 
Cuem. Epuc., 21, 133 (1944). 

(147) Wass, R. B., “Chemical stunts with calcium,” Pop. Sci., 
136, 192 (May, 1940). 

(148) Wares, R. B., “Fun in the home laboratory,” ibid., 136, 
201 (Jan., 1940). 

(149) Wa1zss, R. B., ‘“How’s it made?” ibid., 136, 209 (March, 

1940). 
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* GOOD TECHNICAL BULLETINS—THEIR 
COMPOSITION AND DISTRIBUTION 


Some companies consistently release good pamphlets, 
but many others lose sales because they do not give the 
reader what he wants. Thus the data sheets and cata- 
logues issued by chemical and equipment firms to ad- 
vertise their products have lost their purpose. 

Technical bulletins are publications containing in- 
formation of interest to persons with scientific training. 
They differ from other advertisements in that they are 
directed to the specialist and never to the general 
public. The pamphlet must inform rather than per- 
suade. 

Obviously, but unfortunately not obviously enough, 
the technical bulletin must contain reliable information 
with specific details, and not appeals such as “Superior 
Chemicals formaldehyde is better,’”’ for example. 

Chemists and engineers are singularly lacking in emo- 
tion in choosing products. An exact analysis of the 
formaldehyde with the percentage of methanol and 
other impurities would give the chemist the information 
he wants. 

The »urpose of the technical bulletin is to sell the 
product, directly or indirectly. Therefore, most of the 
space should be devoted to the uses of the product. 
In addition, most chemical bulletins should contain 
physical and chemical properties, reactions, specifica- 
tions, and toxicity data. 

A brief history of the discovery and first uses of the 
product are usually of interest. A bibliography of 
literature references is desirable. Chemists want to 
know what persons and what companies have de- 
veloped the chemical in the past. Patent references 
are of extreme interest and importance. Equipment 
bulletins usually should contain one or more photo- 
graphs. 

The information must be given clearly and concisely. 
Tables, charts, and diagrams should be used wherever 
possible. These data should not be copied from a 
chemical handbook; all chemists already have hand- 
books. The chemical or trade name of the compound 
should be used without apology. A sulfate is a sulfate 
and not a compound called a sulfate. 

The two chief forms of technical bulletins are cata- 
logues and data sheets. Most firms issue catalogues 
describing briefly all the products of a company. 
Large companies usually issue a catalogue for each 
division or department. 

Data sheets ordinarily are from one to three pages, 
sometimes more, describing a single product or series of 
products. They are often mimeographed. ittoing 
should not be used, as the reproduction is frequently 
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difficult to read. Printing, on the other hand, is the 
most desirable form for a bulletin. 

Individual data sheets become cumbersome in great 
quantity. Some companies issue collections of data 
sheets from time to time, and others provide loose-leaf 
notebooks in which to file the data sheets as they appear. 

Compilations are better than loose-leaf notebooks be- 
cause individual data sheets are usually brought to the 
attention of the person interested. A compilation 
serves as a handy reference book afterwards. Loose- 
leaf sheets, on the other hand, are apt to be filed away 
by clerical personnel without anyone seeing them first. 
Also addition sheets are not always identified clearly 
enough for a nonchemist to know what to do with them. 

For size, 8 by 11 inches is to be preferred. A bulle- 
tin 5 by 8 inches is the next best. Narrow bulletins 
sink down in a file and become lost. 

Covers of heavy paper make a booklet more attrac- 
tive, thereby giving a favorable impression of the com- 
pany. They also prevent the pamphlet from becoming 
torn. 

Most men like to put their names on their literature, 
and librarians put identifying marks on theirs. On a 
black or navy blue cover nothing will show up except 
white ink, which is seldom found on a chemist’s desk. 
Even worse is the glossy cover that will not hold any ink 
whatsoever. Admittedly, a resinous coating makes a 
very attractive-looking cover. A sample inside the 
bulletin, however, is more convenient. 

Some color on the bulletin is recommended to give 
neat appearance, but humor and “cheesecake” are in 
poor taste. The product must be able to stand on its 
own merits. Circulation forms on the cover are un- 
necessary because each company has its own method of 
distribution. ’ 

Every cover or first page should have the full name of 
the company and division, if any, a short title, and a 
bulletin number. One should not use “Superior 
presents a dramatic chemical for the future,” which is 
meaningless on an index card and also makes a person 
feel foolish requesting a second copy. Instead some- 
thing like this could be printed: “Superior Chemical 
Company. Plastics Division” and a title ‘‘Formalde- 
hyde”’ as well as “‘Bulletin P-1050R.” 

Some companies seem to be ashamed of themselves, 
for they put their company name on the last page or on 
the covering letter only. To search for a company 
name is most annoying to a busy reader. Somewhere 
in the bulletin, preferably on the last page, the date 
and the company address should be given. 
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Bulletins should be revised frequently. Catalogues 
usually appear annually, and data sheets should be re- 
vised every two to five years to show a company is on 
its toes about new developments. 

Companies which have not revised their catalogues 
since 1939 (and some major companies have not) lose 
sales because they are not alert to new uses for their 
products. If the company making the product does 
not believe in its possibilities, who will? 

Revised editions should be sent automatically to 
persons receiving the previous edition. 

Great variations are found in the covering letter. 
Some companies waste time and money sending out two- 
or three-page mimeographed epistles. Most form 
letters are destroyed upon receipt, usually without 
reading. Therefore, it is essential to put no technical 
information in the letter. 

Efficient companies attach a tab of colored paper 
printed with something like this: ‘This is the literature 
you requested recently. Samples are available on re- 
quest on company letterhead. We shall be glad to 
consult with you about your specific problem.”’ The 
company name and address is printed at the top or 
bottom of this tab. 

If the literature is sent unsolicited, it should have a 
tab saying, “Here is some literature in which you may 
be interested.” 

Literature should always be sent to the attention of 
the person requesting it. Large firms do not have time 
to stalk down particular individuals. The correct 

number of copies should also be sent. Too few copies 
will bring another request causing additional expense 
in handling; excess copies usually are filed in the waste- 
paper basket. 

Above all, acknowledgment of receipt of the bulletin 
should not be expected nor demanded. 

Price lists may be stapled to an inside cover of a 
pamphlet. Prices usually change too frequently to 
make it feasible to print the price in the bulletin itself. 


JOURNAL OF CHEMICAL EDUCATION 


Equipment companies, however, will probably find it 
worth while to list their prices. 

To whom should bulletins be sent? People who are 
not technically trained seldom hear or care about tech- 
nical literature. Therefore it is a good public relations 
policy to accommodate everyone who requests a service. 

For example, frequently the company library, which 
is staffed by professionally trained chemists, is a center 
for requesting and distributing material. A curt note 
to a librarian saying the literature is sent only to men 
who are actually interested is not only impolite but also 
the worst kind of salesmanship. 

Chemists and engineers learn about technical bulletins 
from journal advertisements. These advertisements 
should describe the literature that is going to be sent 
either by title or bulletin number, or even better, by 
picture. It is not good policy to advertise a specific 
product and send a general catalogue giving the same or 
less information than in the journal. 

For instance, Superior may advertise technical litera- 
ture on formaldehyde. Imagine the reader’s chagrin 
to receive his sixth copy of the Superior booklet on 
“Aldehydes” which he has requested in response to 
advertisements on aldehydes in general, acetaldehyde, 
propionaldehyde, butyraldehyde, and products of the 
Superior Chemical Company. 

In summary, a technical bulletin should contain de- 
tailed, concise information. It should be 8 by 11 inches 
or 5 by 8 inches. The cover should be light-colored, on 
rough paper, with space for writing identification. The 
front page or cover should designate the product and 
contain the company name and division and the bulle- 
tin number. The bulletin should also contain the date 
and company address. The pamphlets should be sent 
to the attention of the person requesting them. 

Bulletins should be revised frequently and automati- 
cally sent to the recipients of the old editions. Journal 
advertisements should describe specifically the litera- 
ture that is available on request. 
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CORRECTION 


Drs. Jirgensons and Straumanis, whose ‘‘Kurzes Lehrbuch der Kolloid- 
chemie” was reviewed in our March issue, have written to point out some 
errors in the review. They were incorrectly referred to as professors of 
chemistry at the universities of Manchester and Missouri, respectively; the 
reviewer obviously missed the reference to du Nouy and his tensiometer on pp. 
40-41; they did not even attempt a theoretical explanation of thixotropy. 
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Manrcen De.EPIneE, elder statesman among French 
chemists, can proudly survey his long career as teacher 
and investigator. Born September 19, 1871, at Saint 
Martin le Gaillard (arrondissement of Dieppe), he 
received his professional training in Paris, where he 
studied pharmacy at the Ecole supérieure de Pharmacie 
and science at the Sorbonne. Along with his university 
career, he practiced pharmacy, serving as interne en 
pharmacie from 1892 to 1897, and as pharmacien des 
Hopitauz de la Ville de Paris from 1902 to 1927. 

The docteur és Sciences degree was conferred in 
1898. From 1895 to 1902, he was preparateur (assist- 
ant) to the illustrious Marcelin Berthelot (1827-1907) 
at the Collége de France, and worked in this laboratory 
until Berthelot’s death. In 1904 Delépine was 
appointed agrégé (teaching fellow) at the Ecole de 
Pharmacie and was promoted to the rank of professor 
in 1913. He gave up this post in 1930, when he was 
named professor at the Collége de France, succeeding 
Charles Moureu (1863-1929) in the chair once held by 
Delépine’s revered former chief. He reached the age 
of retirement in 1941. 

Professor Delépine’s published researches have been 
many and varied. He has often had the enthusiastic 
collaboration of the young men he was training, and 
their later successes testify to the efficacy of his teaching 
methods. No more than a brief selection of his accom- 
plishments can be indicated here. 

He opened his fruitful career as an organic chemist 
with the thesis prepared for his pharmaceutical degree. 
This study of the “separation of methylamines by 
formaldehyde” was followed by his doctorate dis- 
sertation on ‘‘the amines and amides derived from 
aldehydes,”’ which were studied principally from the 
thermodynamic standpoint. These theses led to 
investigations of aldehydes and sulfur compounds. 
He determined the true structure of aldehyde ammonia; 
demonstrated the reversibility of the formation of 
acetals; investigated crotonaldehyde and its dihydro- 
pyranic dimer. He showed that primary amines can 
be prepared via the quaternary ammonium salts of 
hexamethylenetetramine. His work on sulfur com- 
pounds included studies of dithiourethanes and the 
neighboring generative substances; he found that 
certain compounds with doubly bound sulfur have the 
remarkable property of spontaneous oxidation accom- 
panied by phosphorescence. He discovered the mono- 
meric sulfides of ethylene, whose existence had been 
considered impossible. He recommended the dithio- 


carbamates as reagents; copper is often deteeted with 
their help. He studied the oxidation of pinenes and 
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Marcel Delepine 
their transformations by acids, and used the findings in 


a rigorous examination of structures. For example, he 
showed that a single pinene can give rise to two anti- 
podes (carvones and metho-ethylheptanonolides) de- 
pending on the reaction path. He and A. Horeau made 
an extended study of catalytic hydrogenation in the 
presence of Raney nickel; its activation by alkalis, and 
the reinforcement of its action by plating with a metal 
of the platinum family. They also studied the Can- 
nizzaro reaction and certain isomerizations which this 
catalyst provokes. 

Prof. Delépine’s work in the inorganic field is equally 
impressive. He worked out methods of preparing 
tungsten, and the hydride and nitride of thorium (with 
Matignon). He showed that boiling sulfuric acid 
attacks platinum and even platinum-iridium. This 
finding led to an extensive succession of papers on 








iridium complex compounds (also of rhodium com- 
plexes) namely: chloro salts, oxalates, pyridine deriva- 
tives, etc. He has been interested in nomenclature. 

In the field of optical chemistry he has dealt with 
various questions of isomerism, optical resolution, etc. 
He proved the existence of “‘active racemates” and has 
used them in a new method of resolution and for the 
study of the relative configuration of homoeomers. 

He has written a number of obituaries and biog- 
raphies; ‘he latest (1949) is his book on Le Bel. 
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Honors have come in deserved measure. He is a 
member of academies of science, medicine, and phar- 
macy; he has been president of prominent organiza- 
tions, including the French Chemical Society; he holds 
honorary membership in several foreign chemical 
societies. During World War I, he was made Chevalier 
of the Legion of Honor for his distinguished services 
and later was promoted to the rank of Officier. Though 
Professor Delépine is now approaching his 80th year, 
he maintains an active interest in scientific matters. 





THE USE OF A STANDARD KEYBOARD TYPEWRITER IN WRITING 


CHEMICAL EQUATIONS 


Unuzss a typewriter is used in a chemistry labora- 
tory for very specialized work, it is surprising how infre- 
quently the typist is called upon to write chemical for- 
mulas and equations. This is especially true for general 
office work. To provide a special chemical keyboard for 
formulas has several disadvantages: (1) The keyboard 
is so nonstandard, that a new typist has to become 
familiar with it before she can type with speed and ac- 
curacy. (2) The usurpation of up to ten positions for 
numerical subscripts requires the sacrifice of other 
needed characters. (3) The small numbers used on 
most chemical keyboard typewriters often do not show 
up well, especially on carbon copies or on mimeographed 
and hectographed reproductions. 

In this laboratory, a typewriter without these de- 
ficiencies has been designed. On it there are no small 
numbers for subscripts but the ratchet has been modi- 
fied so that when turning the platen it can be stopped 
at each half space. When it is necessary to type a sub- 
script, the platen is turned forward one half space and 
the regular large size number is used. Without the 
special ratchet, it is difficult to stop at the half space 
position. Subscript letters, either lower or upper case, 
can be typed similarly. By turning back a half space, 
superscript numerals or letters can also be typed in a 
uniform position. If several subscripts or superscripts 
are needed in one line of typing it is best to leave space 
for them, then turn the platen and type them in. 

The line space selector can be adjusted for from one 
to six half spaces. Obviously the setting for single 
half spacing.is never used. Double half spacing (i.e., 
equivalent to single spacing with a standard ratchet) is 
likewise unsuitable for work with subscripts or super- 
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scripts. 
spaces. 

The typewriter described is equipped with a 56 
tooth ratchet. Some other number of teeth may be 
equally satisfactory. A new ratchet can be installed 
on any typewriter. 

By freeing the keyboard from subscript numbers, 
room becomes available for the addition of several other 
unique features, best shown by the following reproduc- 
tion of the entire keyboard. 


The minimum spacing for this is three half 


Upper Case 


war | 
AMX + 

g 
BS oo e = ac | 


0 ° 
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The plus and minus signs at the extreme right of the 
lowest bank, upper and lower case, are for designating 
the charge of ions; the plus sign at the extreme right 
of the second bank from top, upper case, is larger and 
indicates “‘add.’’ The fifth character on the top bank, 
upper case, is for underlining; the seventh is used to 
make a continuous line at a higher level. By combining 
the latter with the arrows on either side of it an arrow 
of any length pointing either left or right, or both can be 
typed. 

It will be noted that the keyboard is essentially stand- 
ard. Choice and location of special symbols can be de- 
termined by the needs and ingenuity of the designer. 
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THE COMPETITIVE LECTURE-QUIZ 


Every lecturer has dreamed of some device by which 
students could be roused to full attention and supersen- 
sitive alertness during every moment of a lecture. With 
small lecture groups, most of us have tried the com- 
bined lecture-quiz. By this device even a dull lecturer 
may compel attention. A good one may even ignite 
interest. 

Yet the lecture-quiz is usually completely oral, and 
so is limited to groups not much larger than thirty. 
The lecturer is apt to feel that his task is to emit thought- 
stimulating particles of some sort, with sufficient 
velocity to penetrate skulls. The maximum effective 
range of these particles, under lecture-room conditions, 
seems to be about twenty meters. 

With large lecture groups, one might interrupt or 
close a lecture with a written recitation, at the risk of 
encouraging dishonesty; but the problems of dis- 
cipline, grading papers, and keeping records are dis- 
couraging. So, after trying various expedients, we have 
hit upon a competitive lecture-quiz, which we think 
makes the lectures more effective instruments of in- 
struction and at the same time offers a plan for ex- 
aminations that are nearly cheatproof. 

Under this plan, lectures are limited to topics that 
would seem to benefit most from experimental demon- 
stration. We have often wondered why lecturers in 
every subject attempt to cover nonexperimental topics 
that would seem to be well presented in the text. Are 
textbooks in all subjects completely ineffective as in- 
struments of instruction? Or are students just inade- 
quately trained in the art of getting information from 
books? But if lectures are limited to topics needing 
visual demonstration, there is time enough, during each 
lecture hour, for several quiz intervals, in each of which 
one or two questions are asked that determine which 
students understand and can apply what has just been 
said. 

Students are asked to enter the questions asked and 
their answers in the body of their lecture notes. Aline 
ruled in the margin may distinguish this part of their 
notes from the rest. Toward the end of the lecture 
period each student exchanges his notes with (and has 
them graded by) a competitor in an adjoining or 
neighboring seat, on the theory that a competitor is al- 
ways critical. The last fifteen minutes of each period 
are always spent in discussing what should have been 
answered for each question, and how much each ques- 
tion counts toward the total score for the paper. 


Cheatproof Examinations 
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The questions asked are obviously not limited to 
those that test ability to comprehend and apply what 
has just been stated and recorded in the notes. They 
may continuously incorporate ideas that have been 
presented in earlier lectures, hence may serve as a con- 
tinuous review. The plan is made self-administering, 
and the results of the quizzes are made self-recording, 
with the aid of “hook-boards,” presently described. 

Soon after the beginning of the semester the students 
in each quiz section are arranged in order of rank, as de- 
termined by a “placement examination.” In the lec- 
ture room, where the different quiz sections are com- 
bined, each quiz section is given a separate block of 
seats. Then the plan of competitive quizzes may be 
used in both the lecture and quiz periods, if desired, and 
the same hook-board keeps track of attendance in both 
lecture and quiz. 

The hook-boards, one for each quiz section, are wood 
or plywood sheets, with rows of hooks, ranged beneath 
rows of numbers that give lecture-seat and quiz-seat 
numbers. On each hook is a tag giving the name of the 
student who at the moment has attained the rank in 
competitive quizzes that entitles him to that seat. 

The procedure changes at alternate meetings. At one 
meeting each odd-numbered student competes with the 
next higher-ranked even number; at the next meeting 
each even number competes with the next higher-ranked 
odd number. So, throughout the semester, each student 
challenges the one of next higher rating, then (at the 
next following meeting) defends his position against the 
one of next lower rating. The spirit of competition 
nearly cancels temptation to mutual aid. 

The members of a competing pair switch seats if the 
challenger wins. A second switch is then permitted if 
any student finds he has just won a higher score than the 
lower member of the next higher-ranked pair. Anyone 
may thus advance one or two positions toward the top 
of the quiz group, or may drop one or two positions to- 
ward the bottom of the group, at every meeting. A 
tied score is awarded to the lower ranked member of the 
competing pair. Arguments may be settled in any pre- 
scribed way, for instance by reference to anyone near 
the top of the class. 

An accurate attendance record is possible in spite of 
the constantly changing seating ariangement. At the 
beginning of each meeting, the lecture assistant or a 
“group secretary’ notes vacant seats, gets the corre- 
sponding names from the hook-board, then (to prevent 


569 





570 


errors) lists absentees on the blackboard. At the end of 
the hour the winning member of each competing pair 
has the duty of shifting tags on the hook-board. Since 
each board carries only ten to twenty pairs of names, 
and positions on these are switched only about once in 
every two contests, only about five to ten students need 
access to each hook-board at the end of each meeting, 
to switch tags. An absence automatically shifts the 
absentee two places toward the rear. A few accumu- 
lated absences may make a poor student trail so hope- 
lessly that he drops out, sunk without a trace. 

Rank attained in the competitive quizzes by the end 
of the semester may be translated into a percentage 
grade by whatever may be considered to be a “normal 
distribution curve.” Then the median of student 
opinion may determine how this percentage shall be 
averaged with others to obtain a “course grade.” 

Though the plan was designed to create an improved 
race of students, it has improved their instructor in 
ways not to be despised. He has learned to bring lec- 
tures down to earth and make them pertinent and help- 
ful. He has been compelled to plan every lecture care- 
fully, with clocked interludes, appropriately spaced, 
for thought-provoking questions. These questions may 
ask for deductions from experimental observations just 
made, or may call for anticipation of manipulations 
next to come. 

The discussion of these questions during the final 15 
minutes of the lecture hour will give the instructor a 
chance to observe that his wording of questions was 


often faulty, obscure, or misleading. So, he should 
himself keep a set of lecture notes, for the benefit of 
future classes, which will finally come to be taught by 
one who in judgment, experience, and capacity for 


JOURNAL OF CHEMICAL EDUCATION 


clarity and precision of expression ranks not far below 
the archangels. 

Students, on their part, chiefly benefit by being 
trained to deal with questions that demand thought, 
rather than merely memorizing. So the final examina- 
tion, without too great a shock to the frail and fearful, 
may consist entirely of questions of that type. Lecture 
notes, reference books, or any other aid to thinking is 
permitted. The preparation of cribs and ponies is en- 
couraged, as being an attempt to judge what ideas are 
important and to bring them together in a form that is 
readily reviewed. Since we insist on a detailed ex- 
position of steps in reasoning, a correct numerical 
answer, obtained from a neighbor by what may appear 
to be telepathy, is of little aid. Even a direct appeal to 
one’s friend Charlie Jones is apt to be rebuffed, because 
Charlie drew a different set of questions or is too busy 
to be bothered. 

One might suppose that any subject worthy of a 
place in a college curriculum might furnish questions 
for a final examination, to test capacity for thought. 
That capacity includes such factors as the ability to dis- 
criminate between the essential and nonessential, to 
perceive the limitations of generalizations, to make a 
selection among conflicting data, to make valid ap- 
proximations, to find needed information in books. To 
exploit these manifold possibilities the specialist needs 
the help of experts in the art of framing examinations. 
There is the opportunity, too, when a choice of ques- 
tions is permitted, of determining whether a student has 
actually read broadly at the level of his presumed at- 
tainments and gained something from his reading. 
That should be one of our objectives, even in chem- 
istry. 





We have defined science as a series of concepts or conceptual schemes (theories) arising out of 
experiment or observation and leading to new experiments and observations. . . . The transition 
to a new theory is seldom easy; old ideas are apt to be tenacious. Looking back at the history 
of any branch of science we can see that a new conceptual scheme (theory) comes to be accepted 
because it is at least as satisfactory as the older one in relating all the known facts in a simple 
way and because it proves to be more fruitful of new experiments. The latter outcome is clearly 
a matter for the future, so that there can be no way to determine in advance whether a new con- 
cept or conceptual scheme will prove acceptable in this double sense; nor can one foretell how soon 
the next major advance will occur.—by James B. Conant 
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ELECTROLYTIC REDUCTION OF 0-NITROPHENOL 


To app variety and lati- 

tude to a sequence of stu- 

dent organic preparations 

we have found the elec- 

trolytic reduction of o-nitro- 

phenol to o-aminophenol (7) 

to be an extremely satisfac- 

tory medium. The equip- 

ment required is easily ob- 

tainable and consists of an 

electrolytic cell and a source 

of direct current that will 

give a current of approxi- 

mately 4 amperes through 

the cell. The cell consists 

of a 250-ml. electrolytic 

beaker, a No. 6945 RA 98 

Norton Alundum thimble 

asa diaphragm, and two elec- 

trodes formed from ordinary 

5- X 65-in. wire gauzes. 

If direct current from a 

central source is not available on the laboratory 
tables, an ordinary three-cell lead storage battery can 
be used with a rheostat (Jagabi Carbon Compression 
Rheostat, No. 10, James G. Biddle Company, Phila- 
delphia 7, Pennsylvania) for regulating the current. _A 
battery charger or battery eliminator (Heathkit Bat- 
tery Eliminator, Model BE 1, The Heath Company, 
Benton Harbor, Michigan) can be used in place of the 
storage battery. In fact, a battery eliminator with a 
tapped primary circuit, like the one described above, 
will ordinarily supply current for two electrolytic cells 
connected in series controllable with the primary taps 
alone. Thus the necessity for the use of a rheostat in 
the circuit is eliminated. An ammeter with the proper 
range is desirable although not absolutely necessary. 
An approximation of the current can be obtained by 
visual observation of the rate of evolution of oxygen at 
the anode or by the temperature of the catholyte (50- 
55°). Completion of the reduction is evidenced by the 
rapid evolution of hydrogen at the cathode. At the 
indicated current practically no hydrogen is evolved 
during the early part of the reduction. 

The equation for the reaction is: 
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o-nitrophenol o-aminophenol 
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Electrolytic Assembly 


PROCEDURE 


Dissolve 7 g. (0.05 mol) of o-nitrophenol in 100 ml. of 
hot 3N sodium hydroxide solution. Place the Alun- 
dum thimble in the 250-ml. electrolytic beaker and pour 
the nitrophenol solution into the thimble and immedi- 
ately fill the annular space between the thimble and 
beaker to the same level with more 3N sodium hy- 
droxide. This latter will require about 50 ml. and will 
comprise the anolyte. Insert the electrodes and elec- 
trolyze at 4 amperes for about two hours or for about 
15 to 20 minutes after strong evolution of hydrogen be- 
gins at the cathode. 

When the reduction of the nitrophenol seems com- 
plete, pour the contents of the thimble into a suitable 
beaker and add glacial acetic acid (approximately 20 
ml.) with stirring until red litmus no longer turns blue. 
Cool the mixture and filter using a small Biichner fun- 
nel. Recrystallize from water. The product will 
consist of tan or brown rhombic plates, melting very 
close to the literature (2) value of 173°. 

The average student can complete the preparation 
of a relatively pure sample of o-aminophenol by this 
procedure within the usual three-hour laboratory pe- 
riod. 


LITERATURE CITED 

(1) Brown, O. W., anp J. C. Warner, Trans. Electrochem. Soc., 
41, 225 (1922) ). 

(2) LANGE, N. A., “Handbook of Chemistry,” 7th ed., Hand- 
book Publishers, Inc.. Sandusky, Ohio, 1949. 
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A NOMOGRAPH ESTIMATING ION ACTIVITY- 


COEFFICIENTS 


Donne a series of electrochemical experiments we 
frequently needed to use the Debye-Hiickel theory for 
estimating approximate (individual ion) activity- 
coefficients in media of various dielectric constants 
and ionic strengths. A nomograph proved very 
valuable, for it enabled the calculation to be done al- 
most instantly and with an accuracy fully as great as 
the validity of the theory warrants. Since this particu- 
lar problem is one which arises continually, and since 
many chemists do not realize how useful nomography 
can be to them, we offer our diagram, with a brief note 
on its construction. 

One of the simplest forms of nomograph (1) consists 
of three parallel, equidistant scales, A, B, and C 
(Figure 1). If any straight line is drawn across these 
scales, the lengths intercepted, a, b, and c, are related 
by the equation, a + c = 2b. Such a chart can there- 
fore be used for carrying out additions (and hence also 
subtractions). By substituting logarithmic scales mul- 
tiplications can be contrived (and hence also divisions). 

The Debye-Hiickel limiting law: 


1.824 X 1082? 


(pTyn 1 


(where f is the activity-coefficient of an ion of valency 
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Figure 2 


z in a medium of the dielectric constant D and ionic- 
strength [', at an absolute temperature 7’), can readily 
be thrown into nomographic form. But we preferred 
to use the modified equation, due to Giintelberg (2), 
which is valid over a somewhat less restricted range of 
concentrations (in favorable cases perhaps up to = 0.1): 


— log f = E824 X lO%eth I's 
& (DT)*/: I1+I” 





This may be rewritten thus: 





1 Many American writers represent ionic-strength by ,, but 
most European authors use the symbol /, following the recom- 
mendation of the Joint Committee of the Chemica! Society, 
The Faraday Society, and the Physical Society (London, 1937). 
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1 
il + constant 


3/, log (DT) + log (- 6) = log 


The nomograph (Figure 2) is then constructed by mark- 
ing scales A, B, and C with values of D, J, and f, 
respectively, and at distances proportional to */2 log 


V/2 

(DT), 1/2 log Fear and log (- 8 Ailow- 
ance for the constant term is made by appropriate 
longitudinal adjustment of the scales. Scale A reads 
for 20°C. (293.2°K.) at one side, and for 25° at the 
other; and similarly scale C gives f, and fz for uni- and 
bivalent ions. The dielectric constant of water at each 
temperature is specially emphasized. 

In illustration we may evaluate the coefficient for a 
bivalent ion at 25° in an aqueous solution of J = 
0.0012. A straight-edge (or preferably a line ruled on 
a sheet of transparent material) is laid across scales A 
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and B accordingly. It cuts scale C at a point giving 


fo = 0.855. 


Mathematically the scales could be extended in- 
definitely; but, as the equation becomes increasingly 
unreliable with rising concentration, extension beyond 
that shown is probably unjustifiable. If desired, the 
nomograph might be modified in various ways. For 
instance, by adding further scales it could be made 
applicable at any temperature; with a little ingenuity 
the “salting-out”’ term (e. g., cf. Guggenheim (3)) can 
be introduced. 


LITERATURE CITED 


(1) Bropetsky, S., ‘First Course in Nomography,” Bell and 
Sons, London, 1920. Levens, A. S., “Nomography,” 
John Wiley & Sons, New York, 1948. 

(2) GinrecBere, E., Z. physik. Chem., 123, 243 (1926). 

(3) Guecennem, E. A., Phil. Mag., 19, 588 (1935). 


THE “‘BOBBY BIRD’’ AND THE SECOND LAW OF THERMODYNAMICS 


T ue bulb B is partially filled with ether or other vola- 
tile liquid up to the level ZL. The apparatus is mounted 
on a stand by means of the metal arms A so that it can 
swing freely. The height of the apparatus is about 20 
cm. Cloth is glued to the top C and moistened with 
water. Due to evaporation of the water, the top of the 
apparatus is cooler than the bottom. Therefore, the 
higher vapor pressure of the ether in part B forces the 
ether up into tube D. This shifts the center of gravity 
and causes the apparatus to tilt forward until tube D 
is no longer immersed in the ether. The ether in the 
tube then runs back into the bulb and the apparatus 
falls back into an approximately vertical position. 
The stand is constructed with a catch so that the ap- 
paratus will not tilt too far forward. 

The apparatus will continue its to-and-fro motion as 
long as the cloth is moist. If the top C is allowed to dip 
into a beaker of water when tilted forward (for this 
purpose the tube D should be curved near the top), 
the motion will continue indefinitely. If the cloth be- 
comes dry, all motion stops. 

The second law of thermodynamics (i. e., heat can do 
work in a complete reversible cycle only when a de- 
crease in temperature is involved) is graphically demon- 
strated in an apparatus which also illustrates the cool- 
ing effect due to evaporation and the increase in vapor 
pressure accompanying an increase in temperature. A 
more elaborate form of this apparatus complete with 


A Lecture Demonstration 
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stand is available in the form of a toy in many novelty 
shops, sometimes called ““The Bobby Bird.” 





FURTHER STUDENT EXPERIMENTS WITH 
PAPER CHROMATOGRAPHY 


Tue author's previously published method for paper 
chromatography experiments with amino acids? has 
been extended to other applications for the student 
laboratory, as follows. 

Sugars. Place about 30 mg. of glucose, fructose, 
rhamnose, sucrose, raffinose, and rutin in separate test 
tubes, add 1 ml. of water to each. Stir each with a 
clean applicator stick to dissolve. The rutin does not 
dissolve. Using the applicator sticks, apply spots of 
each in duplicate to V-strips prepared from suitable fil- 
ter paper.* To build up the concentration, apply each 
spot three to five times, drying after each application. 
Chromatograph in stoppered test tubes containing 
about 2 ml. of a mixture of 5 ml. glacial acetic acid, 25 
ml. water, and 110 ml. n-butanol. The solvent reaches 
the top in about 2 hours. However, better separation 
is achieved by leaving in the tubes overnight. 

Dry the strips until the acetic acid odor is absent. 
Spray with a solution containing 0.93 g. aniline and 1.66 
g. phthalic acid in 100 ml. water-saturated n-butanol.‘ 
Heat at 105°C. in an oven with interior illumination 
and a window through which the order of appearance of 
the spots can be observed. At this temperature glucose 
and rhamnose spots appear first, fructose considerably 
later, and sucrose and raffinose spots remain colorless. 
(Sucrose and raffinose spots can be developed, if de- 
sired for other purposes, by heating above 120°C.). 
Sugar spots do not appear from the rutin suspension; 
however, chromatography of the rutin occurs and can 
be observed as a yellow area under ultraviolet light. 

To each of the test tubes containing sucrose, raffinose, 
and rutin, add 2 drops of conc. HCl, and heat 10 min- 
utes in a boiling water bath. Cool, and chromatograph 
as above. Results of hydrolysis appear on the chromat- 
ograms as follows: sucrose produces glucose and fruc- 
tose spots; raffinose produces fructose and melibiose 
spots; and rutin produces glucose and rhamnose spots. 
The Rf of the fructose is only slightly higher than that 
of the glucose, but it is easily differentiated from glucose 
because it appears distinctly later and is a different 
shade of brown. Rhamnose separates widely from the 
other sugars. Use the chromatograms of the pure 
sugars for comparison. 





1 Scientific Journal Series No. 337. 

2 Parton, A. R., J. Coem. Epuc., 27, 60 (1950). 

3 Whatman No. 1 paper has been most widely used. Eaton- 
Dikeman paper No. 613 gives similar results and is especially con- 
venient, since it may be purchased in rolls one-half inch wide. 

4 Parrripes, 8. M., Nature, 164, 443 (1949). 


A. R. PATTON 
Colorado A & M College Experiment Station, Fort 
Collins,! Colorado 


Plant Pigments. This chromatography appears to 
be based upon adsorption rather than partition, since 
the solvent used is nonaqueous and the results are iden- 
tical with those obtained on Tswett columns. Place a 
few grams of fresh or frozen spinach in a mortar, add 
about three volumes of acetone, and macerate. Filter 
with suction, and discard the filtrate. Return the resi- 
due to the mortar, add a minimum quantity of acetone, 
and grind again. By dipping an applicator stick into 
the acetone solution, apply spots repeatedly to a V-strip 
in duplicate until each spot is an intense green. Dry 
thoroughly after each application. Chromatograph in 
a closed test tube containing petroleum ether (such as 
Skellysolve B). This requires less than ten minutes, 
and should be watched continuously. In order of in- 
creasing Rf, the colored areas which separate are chloro- 
phylls, xanthophylls, a gray area sometimes appeaying 
which is due to decomposed chlorophylls, and carotenes. 

The experiment may be repeated with carrots, which 
show chiefly the presence of carotenes. Another experi- 
ment may be performed with tomato catsup. Place 2 
ml. of pure tomato catsup in a test tube with 2 ml. ace- 
tone and 8 ml. petroleum ether. Stopper and shake 
thoroughly. Decant the clear liquid onto a watch 
glass and allow to evaporate. Apply spots of the dark 
red paste obtained to a V-strip, and chromatograph in 
petroleum ether. As in column chromatography, the 
lycopene (red pigment) shows great adsorptive capac- 
ity, remaining behind while the other pigments rise 
rapidly. 

Aureomycin. Place about 2 g. of Lederle APF Sup- 
plement No. 5 in a test tube, add about 15 ml. 70 per 
cent ethanol, and mix thoroughly. Heat one hour in a 
hot (not boiling) water bath. Filter, and evaporate the 
filtrate nearly to dryness on a watch glass. Apply du- 
plicate spots of the concentrated filtrate to a V-strip, 
building up the concentration by repeated applications. 
Chromatograph in the butanol-acetic acid solvent mix- 
ture used for sugars. Dry and examine under ultra- 
violet light (3650 A region is satisfactory) in a darkened 
room. An intense fluorescent spot about one-third of 
the distance up the paper is due to aureomycin. 
Streptomycin may be similarly chromatographed from 
an extract of Merck APF Supplement No. 3. 
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Sampling Dipper 


A new sampling dipper, that speeds up 
and simplifies the process of obtaining sam- 
ples of liquids, and enables the user to 
transfer liquids to a sample bottle in a 
matter of seconds, has been developed by 
the Harold 8. Spencer Company of Homer, 
New York. 


Analytical Measurements, Inc., 585 
Main St., Chatham, New Jersey, has an- 


nounced commercially a new instrument, 


the Analascope. This instrument pro- 
vides a convenient, dependable means for 
measuring and continuously showing any 
phenomena that can be translated into 
electrical impulses, whether static, rapidly 
fluctuating, or of high or low impedance. 
Heretofore, devices to measure these func- 
tions had to be custom built by researchers 
at considerable expense and loss of time 
which could be more profitable applied to 
their own projects. Its possibilities as a 
tool of general utility in the laboratory 
can be appreciated from the fact that one 
moment it can serve as a pH meter which 
measures to 0.001 pH, and the next mo- 
ment it can serve as an el iograph, 
a pressure indicator, or a strain analyzer 


The Perkin-Elmer Corp., Glenbrook, 
Connecticut, publishes a pamphlet, “In- 
strument News,” which describes new 
techniques and developments in science 
and industry. The pamphlet comes out 


quarterly. 

A new technical booklet, which de- 
scribes the properties and applications of 
cellulose acetate molding powders, is now 
available from Hercules Powder Co., 
Wilmington, Delaware. Also available 
from this source is a bulletin on flotation 
agents and applications. 

A new technical bulletin has been issued 
by International Nickel Co., 67 Wall St., 
New York City 5. This booklet contains 
over 20 illustrations, 40 tables, and is en- 
titled, ‘The Resistance of Nickel and Its 
Alloys to Corrosion by Caustic Alkalies.” 

Four technical bulletins are available 
from Monsanto Chemical Co., St. Louis 4, 
Missouri. They are entitled: ‘Lead 
Phosphates,” “Alkyl Alkali Phosphates,” 
“Alkyl Acid Phosphates,” and “Isocyanate 
Based Adhesives.” 


Flash-Separatory Funnel 


Scientific Glass Apparatus Co., Inc., 
Bloomfield, New Jersey, has announced a 
new Hustinx, heatable fiask-separatory 
funnel with stopcocks made of Pyrex 
brand glass. It is ideal for genera! labora- 
tory works and saves considerable time and 
material in analytical and synthetic 
operations. 
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Vacuum Pump 


_ Kinney Manufacturing Co., 3605 Wash- 
ington St., Boston, Massachusetts, manu- 
facturer of high vacuum pumps, liquid 
pumps, and bituminous distributors, 
brought out a new small, compound vac- 
uum pump, Model CVD 3534. This 
pump —— the unique oil-seal pumping 
system which has proved very satisfactory 
where high vacuum and consistent pump- 
ing speed are necessary. 


Multicolumn Reflux Still 


A multicolumn countercurrent molecu- 
lar still, designed by Dr. S. L. Madorsky of 
the National Bureay of Standards, appears 
to have significant advantages for the com- 
mercial separation of liquids which differ 
in their molecular weights of vapor pres- 
sures but have similar properties other- 
wise. The columns of the still are ar- 
ranged in such a way that the condensates 
move by gravity from column to column 
in one direction while all the residues 
move similarly in the opposite direction. 
Countercurrent refluxing with automatic 
recombination of fractions is thus obtained, 
and the desired separation of fractions is 
accomplished in a single operation. Among 
important possible applications of the new 
device are the concentration of vitamins 
from natural sources and the purification 
and concentration of vegetable oils, animal 
fats, lubricating oils, and high-boiling 
petroleum fractions 





Proceedings of the 
PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


FIRST ANNIVERSARY REPORT 


A year after the adoption of its constitution, the 
Pacific Southwest Association of Chemistry Teachers 
is able to report an exceptionally profitable series of 
activities and an unusual growth in membership. Since 
the 1949 November meeting in San Francisco! the Asso- 
ciation has become firmly established as a representa- 
tive organization of California chemistry teachers. 
President Arthur Furst of the University of San Fran- 
cisco and the Chairmen of the two local sections, L. 
Reed Brantley of Occidental for the Southern Section, 
and Benjamin Naylor of San José State for the Northern 
Section, deserve commendation for their able leader- 
ship during this initial period of the Association. 

As a first annual report of the Association, a publica- 
tion of its membership will be made in two installments. 
The first part includes the members of the Southern 
California Section. The members of the Northern 
California Section will be listed in a later issue. 


Romeo P. Allard, Loyola University, Los Angeles 

Ralph Barmore, Pasadena City College, Pasadena 

Sheila Murray Bauer, South Gate High School, South Gate 

James E. Biby, Occidental College, Los Angeles 

Ernest L. Bickerdike, University of California, Santa Barbara 
College 

W. Kent Bishop, Wilson High School, Los Angeles 

Francis E. Blacet, University of California at Los Angeles 

Blanche Bobbitt, Los Angeles Board of Education, Los Angeles 

L. Reed Brantley, Occidental College, Los Angeles 

Brother R. Augustine, F.S.C., Cathedral High School, Los 
Angeles 

Brother Joseph J. Enright, F.S.C., Cathedral High School, Los 
Angeles 

Philip L. Bruce, Long Beach City College, Long Beach 

Hallie Bundy, Mount St. Mary’s College, Los Angeles 

Bessie E. Butcher, (Retired), 1339 South Sycamore, Los 
Angeles 

O. H. Cady, Los Angeles City College, Los Angeles 

Edith J. H. Chu, Immaculate Heart College, Los Angeles 

Edwin D. Cooke, Los Angeles City College, Los Angeles 

Harper W. Frantz, Pasadena City College, Pasadena 

W. H. Freeman, W. H. Freeman and Company 

Walter P. Gilbert, East Los Angeles Junior College, Los Angeles 

Philip Gill, Glendale College, Glendale 

W. C. Gregory, Compton College, Compton 

John H. Griffith, Los Angeles City College, Los Angeles 

John W. Hamaker, Whittier College, Whittier 

J. Robert Harper, Los Angeles City College, Los Angeles 

Neil J. Harrington, San Diego State College, San Diego 

Marion C. Hays, Hollywood Evening High School, Los Angeles 

Morris J. Heldman, East Los Angeles Junior College, Los 
Angeles 





1 See Tuts JouRNAL, 27, 166 (1950). 


Robert Isensee, San Diego State College, San Diego 

Lionel Joseph, San Diego State College, San Diego 

Norman Kharasch, University of Southern California, Los 
Angeles 

Frank L. Lambert, Occidental College, Los Angeles 

W. D. Leech, Pasadena City College, Pasadena 

(Mrs.) Ruth H. Major, Benjamin Franklin High School, Los 
Angeles 

W. B. Mathews, Garfield High School, Los Angeles 

Claude F. Merzbacher, San Diego State College, San Diego 

Dorothy A. Miller, San Diego State College, San Diego 

Glen H. Miller, University of California, Santa Barbara College 

C. J. Monroe, Compton College, Compton 

C. T. Morton, Huntington Park High School, Huntington Park 

Ray E. Moser, Adolfe Frese Corporation, 116 West 17th Street, 
Los Angeles 

Mother M. Benedetta, Villa Cabrini Academy, Burbank 

Karol I. Mysels, University of Southern California, Los 
Angeles 

W. Roy Newsom, Whittier College, Whittier 

Ambrose R. Nichols, Jr., San Diego State College, San Diego 

John Michael O’Gorman, University of California, Santa 
Barbara College 

Linus Pauling, California Institute of Technology, Pasadena 

Norris W. Rakestraw, Scripps Institute of Oceanography, La 
Jolla 

Evamaria Riegger, University of Southern California, Los 
Angeles 

G. Ross Robertson, University of California At Los Angeles 

Dudley H. Robinson, San Diego State College, San Diego 

Nellie D. Rogers, Alexander Hamilton High School, Los Angeles 

Robert B. Rowe, San Diego State College, San Diego 

Eva Schwartz, San Diego State College, San Diego 

R. A. Seibert, Orange Coast College, Costa Mesa 

Allen E. Senear, University of California, Santa Barbara 
College 

A. M. Shaffer, Los Angeles City College, Los Angeles 

Sister Agnes Ann, Immaculate Heart College, Los Angeles 

Sister M. Alma Rose, H.N., St. Monica’s High School, Santa 
Monica 

Sister Alice Marie, Mount St. Mary’s College, Los Angeles 

Sister M. Charles, Immaculate Heart College, Los Angeles 

Sister M. Nepomucen, Immaculate Heart High School, Los 
Angeles 

Sister Mary Alma, St. Ferdinand High School, San Fernando 

John A. Spangler, San Diego State College, San Diego 

Carl Strem, Compton Junior College, Compton 

G. W. Swanbeck, San Bernardino Valley College, San Bernar- 
dino 

Agnes M. Toland, Ventura Junior College, Ventura 

Clinton E. Trimble, East Los Angeles Junior College, Los 
Angeles , 

George L. Turcott, Antelope Valley Junior College, Mojave 

Marjorie J. Vold, University of Southern California, Los 
Angeles 

Harold Walba, San Diego State College, San Diego 

Robert F. Ward, Van Nuys High School, Van Nuys 

Robert Winans, Occidental College, Los Angeles 
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Report of the 


SECOND SUMMER PROGRAM FOR SCIENCE TEACHERS AT MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


Firty teachers from secondary schools, recipients of 
Westinghouse summer fellowships, were again afforded 
the privilege of six weeks at Massachusetts Institute of 
Technology. This year, instead of limiting applications 
to teachers from the New England States and New 
York, candidates from the entire United States were 
selected. The enrollment by States was as follows: 
Massachusetts, 11; New York, 4; New Hampshire and 
Connecticut, 3 each; Pennsylvania and Iowa, 2 each; 
and one each from Alabama, California, Colorado, 
Delaware, Florida, Idaho, Illinois, Indiana, Kansas, 
Kentucky, Maine, Minnesota, Montana, Nebraska, 
Nevada, New Jersey, North Carolina, North Dakota, 
Ohio, Rhode Island, South Carolina, Virginia, West 
Virginia, Wyoming, and Washington, D. C. 

The program, presented under the chairmanship of 
Professor Francis W. Sears of the Department of 
Physics, M. I. T., included lectures by prominent 
scientists and teachers. 


Six lectures on Physics, Prof. Sears, M. I. T. 

Eight lectures on Chemistry, Prof. Laurence J. Heidt, Depart- 
ment of Chemistry, M. I. T. 

Twelve lectures on Atomic Physics, Prof. P. Scherrer, Eidgenos- 
sische Technische Hochschule, Zurich, Switzerland. 

Single lectures on topics of current interest in physics, chem- 
istry, and other sciences by professors from various departments 
of the Institute. 


In addition, visits were paid to various laboratories 
and installations, including undergraduate physics 
laboratories; undergraduate chemistry laboratories; 
electrostatic accelerators; cyclotron, synchrotron, and 
electronics laboratories; instrumental [chemical] anal 
ysis laboratory; acoustics laboratories; wind tunnel; 
and the cosmic ray laboratory in Lexington. Motion 
pictures on “M. I. T.—1948” and “Atomic Physics’ 
were shown. 

At the Inaugural Dinner on July 5, 1950, L. M. Stark, 
Manager of the School Service Department of the 
Westinghouse Electric Corporation, reviewed the 
various ways in which his corporation is providing 
educational opportunities in the United States. This 
support by industrial organizations of the free educa- 
tional institutions and of teachers, research fellows, and 
students, is not new, but it is growing in importance in 


these days of increasing governmental domination of 
research. The extensive contributions made by West- 
inghouse are reported, not to “boost’’ the company but 
to show teachers what one company is doing. Maybe 
with this example before them they may persuade cor- 
porations in their own localities to look into the needs of 
the science departments of local high schools and col- 
leges and follow the example of the larger corporations. 

“It is a privilege for Westinghouse, through the 
Westinghouse Educational Foundation, to be able to 
join hands for the second consecutive year with Massa- 
chusetts Institute of Technology in this educational 
venture. It is especially a privilege for us to be able to 
make this contribution to science education through 
you, the high-school teachers. This is a recognition you 
certainly well deserve. 

“Much of the credit for America’s preeminence today 
in the field of science and technology must go to you 
who deal with boys and girls on a secondary-school 
level. Too often, your work has gone unsung. While 
the colleges in their science and engineering courses 
polish your products off, you are the ones who get them 
started. Many of today’s top-flight engineers might 
have chosen other fields if it had not been for the in- 
struction and guidance offered them by an interested 
science teacher in their high-school days. It is fre- 
quently the high-school teacher who discovers the 
hidden talents and capabilities of pe young students 
and starts them on their way to satisfying careers. 

“Looking over the record of the schools which you 
people here represent, I found that although Westing- 
house had no part in the selection of this group twelve 
schools represented here have produced eight winners in 
our various scholarship programs, and twenty-six win- 
ners of Honorable Mention in the Science Talent 
Search. 

“We are, of course, very much interested in this job 
you do of seeking out and guiding scientifically talented 
young men and women. These are the people who 
literally become the backbone of our company and of 
other companies, which, like ours, prosper in proportion 
to the degree of scientific talent in its ranks. But we are 
as much interested in the job you do for the terminal 
high-school student—the job of making him an informed 
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citizen in matters of science and technology, and making 
him aware of the all-important implications of science 
and technology in all his affairs. 

“The Westinghouse Educational Foundation was es- 
tablished by the Westinghouse Electric Corporation for 
the purpose of aiding in science and education. Judg- 
ing from the record of this group, many of you know 
first-hand of some of the Foundation’s activities. Most 
famous of the programs sponsored by the Westinghouse 
Educational Foundation is the Science Talent Search. 
The Search is conducted by Science Clubs of America, 
an organization which I am sure all of you know. 
Each year, a fine-tooth comb is drawn througi: the 
nation’s graduating classes, and 300 of the most talented 
high-school seniors are spotted for recognition. Two 
hundred and sixty of them are awarded Honorable Men- 
tion. Their names are sent to colleges and universities 
all over the country, and many of them receive scholar- 
ship awards on the basis of this recognition they receive 
through the Search. The remaining forty finalists are 
taken to Washington, D. C., for an all-expense five-day 
Science Talent Institute. Here they are given an op- 
portunity to get acquainted with each other and to meet 
leaders in the field of science and world affairs—even the 
President himself. And here, after interviews, they 
share in $11,000 in scholarship awards. There is very 
little doubt that this not only gives them a substantial 
push in the direction of making them research scien- 
tists; it also throws a spotlight on scientific talent and 


encourages others to seek laurels in the field of science. 
“Oldest of the Foundation awards is the Westing- 
house War Memorial Scholarship Program, which dates 


back to 1919. In this program, established in the 
memory of Westinghouse men who fought in the First 
World War, four sons of Westinghouse employees or 
junior Westinghouse employees are selected for $2,000 
scholarships each year. In this program we are pri- 
marily seeking engineering talent. One of the winners 
this year was a boy named Orris Hull whose father is an 
office manager in our Buffalo Division. He comes from 
the Amherst Central High School in Snyder, New York, 
and his science teacher is in this room this evening as a 
Westinghouse Fellow. 
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“The George Westinghouse Scholarships also seek 
boys with engineering ability. They carry a stipend of 
$2,200 to the Carnegie Institute of Technology, and ten 
awards are made each year. 

“For 4-H boys and girls, the Foundation provides 
awards on county, state, and national levels for out- 
standing work in the field of rural electrification. 

“In addition to these awards for boys and girls who 
are going on to college, the Foundation supports many 
achievement scholarships for juniors in college, fellow- 
ships, professorships, and cooperative study programs 
which enable Westinghouse employees in many of our 
plant communities to study at near-by universities and 
obtain advanced degrees. 

“In addition to the activities of the Westinghouse 
Educational Foundation, our company has many other 
educational programs. I imagine most of you know of 
our School Service Department, and many of you no 
doubt have used our booklets, charts, motion pictures, 
posters, and the like. Many of our plants have ap- 
prentice training programs, and we have a graduate 
training program in which we train some 300 engineers 
every year to find their place in one of the branches of 
our company’s activities—manufacturing, design, or 
sales. Many of the chief executives of our company 
started in this graduate training program. 

‘So you can see Westinghouse is not only interested 
in education; we are mixed up with it pretty deeply. 

‘Realizing that many teachers would appreciate the 
chance to bring themselves abreast of new scientific de- 
velopments, Westinghouse welcomed the opportunity 
to cooperate with M. I. T. in this Summer Fellowship 
Program when it was begun last year. It is another at- 
tempt on our part to develop the great cooperative 
efforts of industry and education, and we hope that 
programs such as this will create an even closer bond 
between the two. We hope that this program will con- 
tribute in some small measure to the art of science 
teaching and bring new spirit into your classrooms.”’! 





1 Abstract of talk by L. M. Stark, Manager, School Service 
Westinghouse Electric Corporation, Inaugural Dinner, July 5, 
1950, Westinghouse-Sponsored Summer Fellowship Program, 
Massachusetts Institute of Technology. 
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To the Editor: 


I have a proposal for a rational nomenclature in con- 
nection with Br¢nsted’s definition of acids and bases. 

According to J. N. Brénsted (and later T. M. Lowry) 
an acid is defined as any complex (electrically neutral or 
an ion) capable of giving off protons; and any complex, 
aspiring to add protons, is a base. 

The question is now: shall we use old names in a 
quite new meaning, or create special names, suiting the 
new ideas? The first alternative has already brought 
about some confusion in modern literature, and to the 
majority of practical chemists the names acid and base 
will never acquire the meaning that Br¢gnsted’s defini- 
tion has put into them. 

My proposal is founded on the new word “prote,”’ 
coined by Brgnsted. The following table shows the 


relation between the most important words in question: 





Chemical complex Brgnsted 


Acid Exoprote 
Base _  Endoprote 
Amfiprote Amfiprote 
Aprote Antiprote 


New Proposal 








Complexes having any relation to the proton, either 
positive or negative or both simultaneously, are thus 
protes: This word replaces Brgnsted’s protolytes. 
Corresponding acids and bases are Brgnsted’s names for 
complexes which are alike except for the proton. I call 
them isoprotes. For the reaction between them—Br¢n- 
sted’s protolysis—we use exendoprocess. Finally, there 
are the old words acid- and base-catalysis. I propose 
exo- and endo-catalysis. 

The above-proposed nomenclature has the advantage 
of being simple, easy to understand, and also absolutely 
international. 


LENNART SMITH 
CHEMICAL INSTITUTE OF THE UNIVERSITY 
Lunp, SWEDEN 


To the Editor: 

The article by Maud B. Purdy (Tats JOURNAL, 27, 
379 (1950)) raises a host of questions relevant to the 
ethics and value of instructor rating by students. It 
has been my experience that student opinions are largely 


colored by short-range viewpoints, based upon enter- 
tainment to be derived from lecture demonstrations, the 
extent to which problem-solving is required, the degree 
of rigor expected in their reasoning, as well as nonaca- 
demic considerations. The proficiency of a given stu- 
dent is a major factor in determining his reaction toanin- 
structor. A presentation which is a model of clarity to 
a “B” student may be a masterpiece of confusion to the 
“T)” student; in simplifying the discussion to the ‘“D” 
level, one is apt to evoke the adjective “boring” from 
the “B” student. Unquestionably the number of vari- 
ables cannot be encompassed in the manner suggested 
in the article. 

The basic fallacy involved is that students are com- 
petent judges not only of the manner in which a course 
is presented but also of the objectives of the course and 
the way in which it fits into the curriculum. An inevit- 
able result of the application of the fallacy to rating and 
promotion of staff members will be a pressure to “‘butter 
up” students and cater to their limited sophistication. 

I suggest a procedure which achieves the general 
ends of teacher evaluation without doing harm to the 
principles of collegiate instruction. Let the staff mem- 
bers responsible for a given course meet with their de- 
partmental chairman and evolve a set of course objec- 
tives detailed enough to serve as a syllabus. These ob- 
jectives should include desired changes in the skills and 
abilities as well as precise statements concerning con- 
tent areas. Permit each staff member to try to achieve 
these objectives in his own way, his'success to be meas- 
urable in terms of a common final examination. This 
examination is designed to measure the extent to which 
each student has made progress toward the objectives 
of the course; each item on the examination has had 
prior approval by the teachers in the course. Misuse of 
data obtained in this way is still possible, of course, in 
the hands of incompetent administrators, but the allow- 
able margin of error in evaluation is reduced consider- 
ably. 

Evaluation of excellence in teaching must be ap- 
proached with caution; damage to the institution as 
well as to the individual may well result from spurious 
yardsticks of success. 

Wiuui1amM HEerep 


Inp1aNna University, CALUMET CENTER 
East Cuarcaco, INDIANA 
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To the Editor: 

May I point out that the use of “unit process” with 
the meaning of a physical change, ¢. ¢., grinding, drying, 
distillation, etc., in B. C. Hendricks’ article in your 
June issue, is not in line with the present convention. 
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To a chemical engineer a unit process involves a chem- 
ical change; a unit operation a physical change. 


ZAFER A. SAWWAF 


Purpve UNIVERSITY 
W. LaFayette, INDIANA 


Keeeut- Goole 


e A CHEMISTRY OF PLASTICS AND HIGH 
POLYMERS 


Patrick D. Ritchie, Head of the Department of Chemistry, 
Central Technical College, Birmingham, England. Cleaver- 
Hume Press Ltd., London (Interscience Publishers, Inc., New 
York); 1949. viii + 288 pp. 34Figs. 14 21cm. $4.50. 


Tuis is an excellent, well-written book for the organic chemist 
or graduate student who desires to acquire a broad knowledge of 
the subject of high polymers from a book of moderate size and 
price. Organic synthesis and structure are kept to the fore with 
physicochemical aspects touched only lightly. Assuming the 
reader to be of graduate level the author steps directly into his 
subject with little space wasted on introductions. His practice of 
reducing literature references to a surname and date (e. g., Jones, 
1945) is unsatisfactory but the generous use of 365 diagrams and 
structural formulas is good. It is not a reference book, for the 
author has rigorously selected his material to illustrate the general 
principles of high-polymer chemistry. 

The first three chapters (42 pages) contain definitions, function- 
ality theory, and the mechanism and kinetics of polymerization. 
The next four chapters (87 pages) cover the synthetic polymers 
with most attention being paid to the structures of the phenolic 
and the amino resins. Most of the remainder of the book (81 
pages) is devoted to natural polymers and their derivatives. 
These products include proteins, cellulose, lignin, rubber, drying 
oils, and the plastics made from them. An unexpected chapter 
on mineral and inorganic high polymers reviews the structure of 
various forms of carbon and of the silicone resins, This book ful- 
fills its purpose well. 


R. W. PLANCK 
2100 Rosert E. Les Buivp. 
New Orueans, LOvIsIaNa 


* EXPERIMENTAL PHYSICAL CHEMISTRY 


Farrington Daniels, Joseph Howard Mathews, John Warren 
Williams, Professors of Chemistry, Paul Bender, Associate Pro- 
fessor of Chemistry, George W. Murphy, and Robert A. Alberty, 
Assistant Professors of Chemistry, University of Wisconsin, Madi- 
son, Wisconsin. McGraw-Hill Book Company, Inc., New York, 
1949. Fourth edition. xiii + 568 pp. 165 figs. 31 tables. 
16 X 24cm. $4.50. 


Few books on our chemistry shelf come so richly endowed in 
authorship, both quantitatively and qualitatively, as this popular 
and standard laboratory text. To the original three authors who 
produced the first edition twenty-one years ago three more have 
been added. All are on the staff of the University of Wisconsin. 

The stated purposes of the book are “to illustrate the principles 
of physical chemistry, to train in careful experimentation, to 
develop familiarity with apparatus, and to encourage ability in 
research.” These aims should be amply attained by the serious 
users of this clearly written, well-arranged, and comprehensive 
presentation of carefully selected experiments. 


As those acquainted with the earlier editions know, this is not 
merely a collection of laboratory directions even though its main 
purpose is to serve as a laboratory guide. It is divided into two 
parts. 

In Part I are brought together sixty-four experiments of the 
types most generally selected for the first course in physical 
chemistry. Preceding the directions for each experiment is a 
brief but quite comprehensive discussion of the theory pertinent 
to it. Since it often happens that insufficient sets of apparatus 
are available to permit all the class to work on the same experi- 
ment at one time, and that, in consequence, close coordination of 
laboratory work with class work is impossible, this clarifies the 
subject for the student and makes the experiment more meaning- 
ful to him. Ajppended to each experiment are suggestions con- 
cerning the applicability of the method and also a list of refer- 
ences to both books and original papers. The sixty-four experi- 
ments are grouped, according to their main themes, in fifteen 
chapters with the following headings: Gases; Opticochemical 
methods; Thermochemistry; Liquids; Solutions; Homogene- 
ous equilibria; Heterogeneous equilibria; Chemical kinetics; 
Electric conductance; Electrode phenomena; Electromotive 
force; Dielectric constant; Colloids; Photochemistry; and 
Radioactive isotopes and tracers. 

Part II consists of eleven chapters. The first discusses the 
treatment of experimental data, with reference to units and di- 
mensions, errors of. measurement, and the representation of data 
by graphs, tables, and equations, The following eight chapters, 
discussing physicochemical measurements and apparatus in a 
more general way than in Part I, have the topical headings: 
Physical properties of gases; Opticochemical measurements; 
Thermal measurements; Physical properties of liquids and solu- 
tions; Electrical measurements; Electronics; Photochemistry; 
and Isotopes and radioactivity. Chapter 25 deals with the 
construction of laboratory apparatus, with some information on 
glass blowing, and Chapter 26, the last, with the purification of 
water, mercury, and a few other much-used materials; this could 
be profitably expanded. 

Physical constants are listed in an appendix. It is noted that 
the value of the faraday, F’, as given by Dumond and Cohen, has 
been included; it is the reviewer’s impression that the postpone- 
ment of the acceptance of this value pending results of further 
investigations now under way was advised by those authors. 

It is also noted, regretfully, that the authors adhere to the use 
of H* as the formula of the hydrogen ion. The acceptance of 
H;0*, the probably correct formula, is becoming more general 
in the less advanced courses and might be given serious consid- 
eration by the authors of more advanced texts. 

The book is an excellent one and a must for all chemistry li- 
braries. It is replete with suggestions valuable to workers in 
many fields of chemistry. Although larger than most laboratory 
manuals it is the sort of book the students should be encouraged 
to keep for later reference. 

WILLIAM B. MELDRUM 


Haverrorp CoLiece 
HaveRFoRD, PENNSYLVANIA 





OCTO! 


Ralph 
Virginii 
Press C 
tables, 


Accc 
for @ I 
student 
enginee 
chapte! 
tions 0 
ograph 
throug) 
mendat 
those 
cut ex 
valuab 
who rei 

For 
many 
phenor 
those ¢ 
that a 
hurt ai 
basic ¢ 
—that 
may b 
fortuns 
plex ni 
to its 
devote 
might 
dry-dis 
present 
ments 
attenti 

No | 
work t 
tended 
experit 
is treat 

The 
prepar 


JOHN 
( 


notati 
given § 


OCTOBER, 1950 


* ELECTRONICS, PRINCIPLES AND APPLICATIONS 


Ralph R. Wright, Associate Professor of Electrical Engineering, 
Virginia Polytechnic Institute, Blacksburg, Virginia. The Ronald 
Press Company, New York, 1950. ix + 387 pp. 314 figs. 16 
tables, 16 X 23.5cm. $5.50. 


AccorpInG to the preface, this book was intended as a text 
for a basic. course in electronics for nonelectrical engineering 
students, though it has been used in the instruction of electrical 
engineering students as well. The author has presented four 
chapters on basic principles and eight chapters on basic applica- 
tions of electron tubes. Ten problems and an extensive bibli- 
ography follow each chapter. The MKS system of units is used 
throughout; definitions of electrical terms follow the recom- 
mendations of the AIEE and the abbreviations and symbols 
those of the IRE. The author’s selection of material, his clear- 
cut explanations, and excellent diagrams should make this a 
valuable text for the instruction of physics and chemistry majors 
who require or desire such a course. 

For avoiding the “highly mathematical approach” and, in 
many cases, simply giving the equations concerned with the 
phenomenon under consideration, the author will be praised by 
those demanding utility and condemned by those who contend 
that a linear differential equation of the first order has never 
hurt anyone. It is highly improbable that anyone teaching a 
basic course in this subject will follow a suggestion in the preface 
—that the chapter on circuit analysis, 7. e., d.-c. and a.-c. theory, 
may be left to the student as his responsibility. It seems un- 
fortunate that the author does not consider the subject of ‘“com- 
plex notation” of sufficient importance to devote a few pages 
to its use in the solution of problems of phase relations, yet 
devoted sixteen pages to polyphase rectifiers. A small section 
might have been accorded point-contact crystal rectifiers and 
dry-dise rectifiers, in view both of their history and extensive 
present-day use. Nevertheless, this is one of the best treat- 
ments of basic electronic principles which has come to the 
attention of the reviewer. 

No recommendation is made with regard to the laboratory 
work to be performed in the course for which this book is in- 
tended, though it is safe to say that regardless of the actual 
experiments chosen for the basic course the theory behind them 
is treated in this text. 

The book contains remarkably few errors; 
prepared, printed, and proofread. 


it has been well 


EDMUND B. THOMAS 
Joun CARRELL UNIVERSITY 
CLEVELAND, OxIO 


* A NEW NOTATION AND ENUMERATION SYSTEM 
FOR ORGANIC COMPOUNDS 


G. Malcolm Dyson, Technical Director, British Chemicals and 
Biologicals, Ltd., Loughborough, England. Second edition. 
Longmans, Green and Co., London, England, 1949. ix + 138 
pp. Illustrated. 15.5 X 24.5 cm. $2.25. 


Tue remark about a rose smelling as sweet regardless of the 
nomenclature used may be an aesthetically satisfying answer to 
the question ““What’s ina name?” A new factor enters the situa- 
tion, however, when names are used as aids for locating needed 
information—in other words as scientific tools. Then clumsy 
nomenclature—like a dull saw—is an exasperating source of 
wasted effort. The resulting loss in efficiency becomes increas- 
ingly intolerable to chemists as the record of chemistry continues 
to expand. 

Like Hercules, confronted by the Augean stables, Dr. Dyson 
proposes to use fundamentally simple, yet inherently powerful 
means to remedy the organic nomenclature situation, He pro- 
poses that the inherent logic of molecular architecture be used as 
the basis for designating molecular structures. His system of 
notation consists, jn essence, of a set of rules with whose aid any 
given struetural formula is interpreted as a linear array of letters, 
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numerals, and punctuation marks. Such arrays, or ciphers, 
completely designate all details of molecular structural formulas 
as ordinarily written. The ciphers can be readily typed. 

As a starting point for developing his rules, Dr. Dyson has 
chosen the well-known Liége-Geneva system for open chain struc- 
tures and the Ring Index designations for condensed ring sys- 
tems. A surprisingly concise shorthand system for designating 
and enumerating the carbon skeleton of molecules is developed 
and an ingenious and equally concise system of notation for func- 
tional groups is proposed. 

The inherent simplicity of the new notation is illustrated by 
application to those less complex compounds with which every 
chemist is familiar. The power and scope of the Dyson system 
are demonstrated by applying it to more complicated molecules 
exemplifying a wide variety of structural features. 

The ability of the new notation to generate a system of spoken 
nomenclature is discussed and exemplified. The possibility of 
using mechanical sorting devices, e. g., punched cards, to search 
coded files of organic structures is also briefly discussed. 

In this second edition a number of important changes in Dr. 
Dyson’s original proposals have been made. These changes: 
were developed in collaboration with Dr. Austin M. Patterson, 
Dr. H. 8. Nutting, and other chemists interested in nomenclature 
problems. It should be noted that the revised notation system 
served as the basis of the paper on the Dyson notation which 
appeared in J, Cuem. Epuc., 26, 294-303 (1949). 


J. W. PERRY 
Massacuusetts InstiTuTe or TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


* CHEMISCHE UNTERRICHTSVERSUCHE 


H. Rheinboldt, Professor in Sao Paulo, Brazil. Verlag von 
Theodor Steinkopff, Residenzstrasse 32, Dresden Bl., Germany, 
1948. Revised edition, by O. Schmitz-Du Mont. xviii + 352 pp. 
122 figs. 17 X 24 cm. 


For two reasons this book is tops: its thoroughness and its 
historical value. Concerning the latter, each of the 300-odd 
experiments carries literature references to the original dis- 
coverers. For this reason alone this handbook should be on the 
shelves of every demonstrator in freshman chemistry. That it 
is in German is no handicap, for the equations and diagrams are 
self-explanatory, and the German is simple. We join Bunsen 
(1855) in preparing lithium by the electrolysis of molten LiCl, 
Priestley (1773) in making HCl from salt plus sulfuric acid, 
Marsh and Liebig (1837) in the Marsh test (although we learn 
that arsine was first discovered by Scheele in 1775), and Berthol- 
let (1788) in forming Eau de Javelle which was named in 1792. 

This reviewer found the following experiments of special inter- 
est because they are not usually described in American reference 
books, or because their experimental p ures were unique: 

Carbon monoxide detected by PdCl:-paper turning black from 
deposited Pd. Reduction of nitrobenzene vapor to aniline with 
hydrogen. Heating HgO in a “bayonet-shaped tube” so that 
the Hg which comes off can be caught in the bend of the bayonet, 
all of the HgO being decomposed. Burning oxygen in sulfur 
vapor, as well as sulfur in oxygen. Influence of chlorophyll, 
CO,, and light on the formation of oxygen from green water cress. 
Preparation of ozone by electrolysis of sulfuric acid. Ozone 
from moist phosphorus. Reaction of ozone with tetramethyl- 
base-paper. Decomposition of O; by heat and by MnO; cata- 
lyst. HgS + Ck, testing the product with Ag*. Phosphorus 
glow in a condenser when steam-distilled. Ba-Pb alloy by ther- 
mit process. Lithium by electrolysis of molten LiCl. Concen- 
tration (electrolytic) cells. Heat reaction during displacement 
of Cut++ by Fe. Excellent experiments with HI. Preparation 
of H; from Mg + steam. Thermal dissociation of H,S. Blood 
turned green by H,S. H,S + methylene blue. Volumetric dis- 
sociation of H,S by an electric spark. Formation of NH; from 
the elements by an electric spark; and its thermal dissociation. 
Electrical conductivity of Na dissolved in the nonconductor 
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liquid ammonia. Reduction with NH; of CrO; to Cr.0;. In- 
flammable P2H, as a by-product of preparing phosphine. (The 
simple experiment of CasP. + water was missing.) AsH; is at 
least as poisonous as arsine, in the Marsh-Liebig test. Methane 
from water plants. Volumetric dissociation of methane by the 
electric spark. Ethane from the electrolysis of sodium acetate. 
Ethane from the Grignard reaction. Ethylene from catalytic 
dehydrogenation of ethanol. Thermal dissociation of ethylene. 
Catalytic hydration of acetylene to form acetaldehyde. Prepara- 
tion of silane from SiO., Mg, and HCl; and its self-ignition. 
Preparation of 8,Cl. Preparation of NCI; electrolytically 
(Vorsicht!). Thermal dissociation of CCl, over activated char- 
coal. Conductance of liquid SO: containing KBr; liquid 
SO. dissolves benzene but not ligroin. Many experiments 
with N.O. Failure of CO to burn in dry air. CO + Ni to form 
the carbonyl. Difference of limewater when air is (a) inhaled 
and (b) exhaled through it, an especially good, simple experi- 
ment. Mg with CO: to give either CO or C. Mg in dry ice. 
Absorption of water on silica gel. KCIO; by electrolysis of KC]; 
and many reactions of KCIO;. Use of thermoscope to reveal 
positive heat of solution of H,SO, in water, but negative heat on 
adding H,SO, to ice, in the latter case due to negative heat of 
melting. Drying effect of concentrated H,SOQ, shown by hold- 
ing CoCl, paper in dry and wet streams of air. Reduction of 
nitrobenzene to aniline by nascent hydrogen. Nitration of 
naphthalene to form yellow alpha-nitro-naphthalene. Reaction 
of HNO; with ethylamine, with aniline; formation of an azo dye. 
Dissociation of H,O, with KI, charcoal, MnO2, enzymes, silver 
sol. Many oxidation and reduction reactions of H,O2. Danger- 
ous reactions of Na,O2.. Roasting cinnabar, and detecting the 
SO. by Schniff’s (fuchsin) reagent. Preparation of Al,C; in 
an electric furnace. Calcium carbide + water to form CaO, 
COk., and He. 

On the red side of the ledger this volume falls heir to a pecu- 
liarly German fault: that of getting out a cannon to shoot a fly. 
And there are many cannons here. For instance, the Haber 
ammonia process uses an apparatus containing fifty separate 
pieces; and this is only one of many Rube Goldberg setups. 
Also, the drawings are, unfortunately, not labeled. But the 
modern demonstrator, realizing the advantage of simple ap- 
paratus will overlook this grave fault and use this book as a sign- 
post rather than a Baedeker. For in almost every case a little 
ingenuity can considerably simplify the apparatus. But do not 
let this fault dissuade you from acquiring a copy. 


HUBERT N. ALYEA 
PRInceTON UNIVERSITY 
Princeton, New JERSEY 


e PHYSICAL CHEMISTRY OF THE HYDROCARBONS, 
VOL. I 


Edited by Adalbert Farkas. Academic Press, Inc., Publishers, 
New York, 1950. x + 453 pp. 189 figs. 41 tables. 15 X 
23.5 cm. $8.50. 


Puysica chemists secretly entertain the notion that the old- 
fashioned “practical” type of oil chemists were rude and turbu- 
lent barbarians because they disdained the sublime and illumi- 
nating ideas of their science. Those who take exception to 
this point of view will find only vain and delusive comfort in 
this publication. The authors have applied themselves with 
eager curiosity and assiduous diligence to the study of the 
theoretical aspects of the physical chemistry of hydrocarbons 
and have produced the most significant compilation of practical 
information of this kind available today. The choice of subject 
matter is excellent, the treatment is outstanding. 

The contents are as follows: Chapter I, The chemical bond 
in hydrocarbon molecules, by G. W. Wheland, University of 
Chicago, 53 pages. Chapter II, The molecular structure of 
hydrocarbons as determined by spectroscopy and electron and 
x-ray diffraction, by M. H. Jellinek, The Linde Air Products 
Co., 27 pages. Chapter III, Mass spectroscopy in hydrocarbon 
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analysis, by J. J. Mitchell, Beacon Laboratories of the Texas 
Company, 29 pages. Chapter IV, The optical properties of 
hydrocarbons; Infrared absorption, Raman, and _ ultraviolet 
absorption spectroscopy, by Norman D. Coggeshall, Gulf Re- 
search and Development Co., 54 pages. Chapter V, Optical 
methods of hydrocarbon analysis, by Norman D. Coggeshall, 
Gulf Research and Development Co., 48 pages. Chapter VI, 
The electrical properties of hydrocarbons, by Andrew Gemant, 
The Detroit Edison Co., 26 pages. Chapter VII, Solvent 
extraction of hydrocarbons, by Alfred W. Francis, Socony- 
Vacuum Laboratories, 74 pages. Chapter VIII, Solid-liquid 
equilibria of hydrocarbons, by M. R. Cines, Phillips Petroleum 
Company Research Department, 48 pages. Chapter IX, 
Chemical thermodynamic equilibria among hydrocarbons, by 
Frederick D. Rossini, Bureau of Standards, 72 pages. 

Inasmuch as each chapter was prepared by an expert actively 
engaged in the field, it is not surprising to find that the biblio- 
graphic material, at the end of each section, is well selected, 
significant and current. 

The purpose of this book is to summarize the physicochemical 
basis of the new techniques and methods recently adopted by 
the hydrocarbons industry, and to help the research worker 
in exploiting these procedures more extensively and more in- 
tensively. The work has been written primarily for the chemist, 
engineer, or physicist engaged in hydrocarbon technology or 
research. 


GEORGE HOLMES RICHTER 
Tue Rice InstITuTE 
Houston, Texas 


& STATISTICAL METHODS IN RESEARCH AND 
PRODUCTION 


Edited by Owen L. Davies. Second edition. Oliver and Boyd, 
98 Great Russell St., London. Stechert-Hafner, Inc., 31 East 
Tenth St., New York 3, 1949. xi+292pp. 20 figs. 95 tables. 
16 X 25cm. 28/-. 


THE volume under review is the second edition of a statistical 
manual written especially for chemists. There is a lesson in the 
fact that many of the statistical techniques described in this book 
first appeared in R. A. Fisher’s ‘Statistical Methods for Re- 
search Workers” published twenty-five years ago. Although 
Fisher’s book has gone through eleven editions it is comparatively 
unknown to physicists, chemists, and engineers. The explana- 
tion lies in the absence of illustrative examples of interest to these 
workers. An adequate understanding of a statistical procedure, 
such as the analysis of variance, calls for a considerable effort 
especially when the examples are drawn from unfamiliar subject 
matter. Busy laboratory workers are not likely to divert the 
time and energy required to grasp statistical techniques unless 
there is good evidence that they will prove applicable to their 
own problems. The book edited by Davies does supply just this 
sort of reassurance and, furthermore, smooths the path of the 
novice in statistics by good expository devices. The beginner is 
assisted by the relegation, to the end of each chapter, of all ma- 
terial which would interrupt the main thread of thought. Into 
the chapter appendixes go proofs, many of the numerical cal- 
culations, and some additional exposition. 

The text begins with a brief introductory chapter which sets 
forth what statistics can accomplish for the chemist. The au- 
thors admit that in many simple situations statistical techniques 
merely confirm the conclusions already evident in the data. The 
point is then made that as the complexity and the amount of 
data increase statist’cal aids become indispensable. The strong- 
est argument for acquiring some familiarity with statistics comes 
from the intimate connection between the detailed structure of an 
experimental program and the statistical techniques to be used 
on the data. Statisticians know that the method of statist cal 
analysis is determined by the plan of the experiment. The 
statistical computations can and should be completely outlined 
before any data are recorded. This often reveals shortcomings 
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in @ proposed experiment and permits changes before the experi- 
menter becomes irrevocably committed. The design of experi- 
ments is a subject in itself and the authors announce their inten- 
tion of making it the subject matter of a second volume. 

The second and third chapters of this first volume go into con- 
siderable detail about basic statistical concepts such as distribu- 
tions, averages, and measures of dispersion. This calls for con- 
siderable patience to reach (in the appendix to Chapter 4) a 
worked-out example of the conventional {-test for the comparison 
of the averages obtained by two different processes. The next 
chapter on the analysis of variance outlines its application to 
fairly complex experiments including methods for missing values. 
The remaining chapters take up the fitting of straight and cur- 
vilinear lines, the interpretation of data obtained by counting, 
sampling, and the use of control charts. The beginner will be 
glad to have the glossary of statistical terms and symbols, and 
the more useful statistical tables. 

The authors of this book are not professional statisticians. 
They have included a good deal more than might be expected in 
an introductory work. This may discourage some readers. 
On the other hand the book has something of the handbook about 
it. Chemists will profit by placing this book on their reference 
shelves. 


W. J. YOUDEN 
NaTIONAL BurEav or STANDARDS 
Wasuinerton 25, D. C. 


a ORGANIC CHEMISTRY 


Paul Karrer, Professor at the University of Zurich. Translated 
by A. J. Mee. Fourth English edition, revised and enlarged in 
accordance with the Eleventh German edition by H. V. Simon 
and N. G. Bisset. Elsevier Publishing Co., Inc., New York, 1950. 
xxi + 973 pp. 24 tables. 18 X 25.5cm. $8.50. 


Ir 1s a pleasure to welcome this new English edition of Karrer’s 


classical work. Although the number of pages in this edition 
is only sixteen greater than in the preceding edition, some new 
sections have been added, and revisions have been made in a 


number of chapters. ‘For example, sections on the following 
subjects have mow been included: polysiloxanes and other 
organic silicon compounds, diacyl peroxides and peracids, 
streptomycin, organic compounds containing isotopic carbon 
and nitrogen, etc. The following parts have undergone sub- 
stantial alteration or change: the chapters on elementary micro- 
analysis, mineral oil products, organic lithium compounds, 
oesterogenic substances (doisynolic acid, synthesis of oestrone), 
vitamins (pteroylglutamic acid, vitamin A), the coloring matter 
of blood and related compounds, alkaloids (retronecine alkaloids, 
solanine-solanidine, N-methylmorphinan synthesis, etc.), and 
cyclooctatetraene.”’ 

There are occasional typographical errors, but these are not 
serious. The binding is good, and the book should stand up well 
under the appreciable use it will get as a text and reference work. 


HENRY GILMAN 
Iowa Stats CoLtiece 
Ames, Iowa 


* THE CHEMISTRY AND METALLURGY OF 
MISCELLANEOUS MATERIALS 


Edited by Laurence L. Quill, Professor and Head, Department 
of Chemistry, Michigan State College. McGraw-Hill Book Co., 
Inc., New York, 1950. xxii+329pp. Illustrated. 16 X 24cm. 
$3. 


IF ONE were concerned with the problem of producing one of the 
less familiar elements, say hafnium, in the metallic state, he would 
have to select the compound to be reduced and the reducing 
agent; to decide whether to use a crucible or not, and if one is to 
be used, to select a suitably refractory one; to determine what 
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atmosphere to use; and then finally, to determine the tempera- 
ture and pressure for the most favorable rate of reaction. This 
book supplies the kind of thermodynamic data needed for plan- 
ning such preparations. While the editor reports in his Preface 
that “‘the final list of papers includes surveyson the thermodynamic 
properties of the elements and several [classes] of their com- 
pounds, surveys on the crystal chemistry of many materials, 
papers on geochemistry and on the chemistry and metallurgy of 
beryllium and of the rare earth elements and other topics,” it 
appears that the greatest contribution is that outlined above. 
The subjects of the papers add further evidence on this point: 


“Investigation in the liquid-solid equilibrium of the two- 
component systems composed of the bromides and iodides of 
strontium and barium.” 

“Temperature-composition diagrams of metal-metal halide 
systems.” 

“The thermodynamics and physical properties of the elements.” 

“Thermodynamic and physical properties of nitrides, carbides, 
sulfides, silicides and phosphides.”’ 

“Thermodynamic properties of common gases.” 

“Thermodynamic properties of the halides.” 

“The fusion and vaporization data of the halides.”’ 

“The thermodynamic properties of molybdenum and tungsten 
halides and the use of these metals as refractories.”’ 

“The heats of formation of CeS, Ce,S,, and Ce,S; at 25°C.” 

“The heat of reaction of the cerous-ceric couple in 0.5 molal 
perchloric acid at 25°C.” 


Most of the papers were written by wartime workers of the 
Department of Chemistry of the University of California, and 
were first issued as “Metallurgical Laboratory Reports from the 
Manhattan Project at the University of Chicago. Refere>ces to 
the original reports are given in each instance. The data are 
thoroughly supported by citations of original work, and where 
data have had to be estimated the basis of the estimate is sup- 
plied. Moreover, in the appendixes to Paper 6, the methods of 
calculating heats of formation from lattice energies and heats of 
solution and the methods of calculating equilibrium constants 
for high-temperature reactions from low-temperature data are 
illustrated fully. In Paper 7, the various types of vaporization 
processes that are likely to occur at high temperatures, that must 
be taken into account in making predictions based on thermody- 
namic calculations, are given with particular reference to halo- 
genides. These discussions alone make this collection of papers 
worthy of a place on the laboratory shelf. 

Except in the Manhattan Project Reports, upon which this 
volume is based, there is no similar, readily accessible compilation 
of such thermodynamic data covering all of the 92 then known 
elements. In addition, there are collected other pertinent proper- 
ties such as melting points, boiling points, vapor pressures, and 
reactions with water, and with acidic and alkaline solutions, for 
many classes of compounds. Nitrogen compounds, for ex- 
ample, are discussed in general chemistry dourses, but very rarely 
are nitrides mentioned. Students remain unaware of such re- 
markable compounds as TiN, ZrN, HfN, all of which melt at 
around 3000°C., are metallic in appearance, and are good con- 
ductors of electricity. The sulfides, ThS and CeS, which have 
similar properties, were not even known to exist prior to the work 
reported in this book. Publication of this collection of papers 
will be of great interest, thus, to inorganic chemists and to proc- 
ess metallurgists who will find it invaluable. 

The publishers should be commended for making a book of this 
quality available for such a low price. The lithoprinted book is 
very satisfactory and in the future is bound to give the type-set 
editions of scientific works serious competition, as the latter 
certainly are not now available for the approximate price of a 
cent a page. Since technical books can be expected to have only 
a short life span, it is a boon to the scientific worker to be able to 
obtain them for this remarkably low price. It is a pleasure to be 
able to recommend this book to the readers of Tats JouRNAL. 


LAURENCE §8. FOSTER 
Be Mont, MASSACHUSETTS 





& BIOLOGICAL STUDIES WITH POLONIUM, 
RADIUM, AND PLUTONIUM 


Edited by Robert M. Fink, Professor of Physiological Chemistry, 
University of California, Los Angeles, California. National Nu- 
clear Energy Series, VI-3. McGraw-Hill Book Co., Inc., New 
York, 1950. xvi + 4ll pp. 96 figs. 129 tables. 16 X 24 cm. 
$3.75. 


Tue data collected by members of the Biological Chemistry 
Section of the Division of Radioactivity in the Manhattan De- 
partment of the University of Rochester are presented, discussed, 
and summarized in this volume of the National Nuclear Energy 
Series. The problem under investigation. was the comparison of 
the biological effects of three alpha-emitting radioactive elements 
—polonium, plutonium, and radium. 

The plan and conduct of the directed research under the Man- 
hattan District were often determined by the availability of 
technica] assistance, materials, and animals, but more frequently 
by the pressure of time. A relatively smal] number of animals of 
one species studied at a few dose levels and for a short interval of 
time had to suffice for the initial pilot experiments. Although the 
major portion of the work was done on rats, a few mice, one rab- 
bit, and several tracer studies in humans were included. 

The careful outlining of procedures and methods is preceded by 
a valuable review of the literature dealing with polonium and ra- 
dium toxicity. The excretion, retention, and tissue distribution 
of these two elements were studied following intravenous and oral 
administration. The subcutaneous administration, inhalation, 
and skin absorption of polonium were also investigated. The ex- 
perimental work designed to determine the intravenous lethal 
doses and relative toxicities of the three elements is clearly de- 
scribed and presented in detail. The mortality studies are com- 
bined with hematological as well as gross and micropathological 
investigations. The data are so presented that in many in- 
stances it is possible to follow the history of an individual animal 
from the time of injection through its clinical course and final au- 
topsy. 

This pioneering work is unusual in several respects, not the 
least of which is the vast amount of material collected by the com- 
bined efforts of many investigators over a relatively short period 
of time. One is immediately impressed with the great care the 
authors have taken to present their problems and sources of error 
and with the voluminous data that are included. 


MIRIAM P, FINKEL 
Argonne NaTIonaL LABORATORY 
Cuicago, ILLrNors 


# FUNDAMENTALS OF CHEMISTRY AND APPLICA- 
TIONS 


Charlotte A. Francis, formerly Instructor of Chemistry, and 
Edna C. Morse, Assistant Professor of Home Economics (Chem- 
istry), Teachers College, Columbia University. The Macmillan 
Company, New York, 1950. xi + 545 pp. 99 figs. 15 x 22 


Tuts book is designed for students interested in an introductory 
course in chemistry leading to more specialized courses in nursing 
practice, nutrition and home economics, medical technology, and 
teaching of general science. In carrying out this design, nineteen 
chapters, 264 pages, are devoted to general principles and in- 
organic chemistry at an elementary level. The remainder of the 
book, twelve chapters, 261 pages, contains a much more extensive 
treatment of organic chemistry than is found in the usual intro- 
ductory college chemistry textbook. 

The arrangement of the subject matter and general plan fol- 
lows that of the first two editions but all chapters have been re- 
vised by the addition of new material and elimination of some of 
the older concepts. Some chapters dealing with radioactivity 
and the structure of matter have been rewritten in the light of 
recent changes and additions to knowledge in these fields. 

The authors are especially adept at introducing the subject 
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of chemistry to the student in the terms of everyday language 
which permits immediate understanding without the necessity of 
introducing scientific terms. The use of the word substance and 
the careful definition of it in the beginning is a good example of 
this technique. 

The general use of tables, listing together compounds similar 
in properties and giving their corresponding formulas, makes the 
book useful as a reference book at a technicians level. If these 
tables had been numbered and listed in the index under a table 
heading, its usefulness as a reference book would have been in- 
creased. 

The inorganic section contains a limited discussion of atomic 
structures with some emphasis on the relationship of molecular 
structure to properties. The use of the Periodic Table has been 
eliminated. The larger portion of this section is devoted to water, 
colloidal and true solutions, ionization, and a complete discussion 
of acids, bases, and salts. 

The organic portion is very complete and begins in the conven- 
tional manner with a discussion of the aliphatic hydrocarbons and 
their derivatives. This study led naturally into the discussion of 
carbohydrates and fats. 

A very short discussion of cyclic compounds, both carbocyclic 
and heterocyclic, consists mainly of introducing basic ring struc- 
tures which are used in building up the more complex protein and 
alkaloid structures that appear later in the book. The remaining 
three chapters, approximately 100 pages, are devoted to Chemis- 
try of digestion; Function and fate of glucose, fats, and pro- 
teins in the body; and Important physiological functionings of 
electrolytes, all very thorough for a beginning text. 

Teachers of introductory courses for students interested in be- 
coming technical aids will find this volume attractive from both 
a teacher’s and student’s viewpoint. The introduction of 
enough organic chemistry along with the excellent presentation of 
the physiological applications make it a very good background 
book for nurses, nutritionists, and teachers of general science. 


JAMES F. CORWIN 


ANTIOCH COLLEGE 
Ye iow Sprinas, Oxn10 


e INTRODUCTION TO CHEMICAL ENGINEERING 
THERMODYNAMICS 


J. M. Smith, Professor of Chemical Engineering, Purdue Uni- 
versity, Lafayette, Indiana. McGraw-Hill Book Co., Inc., 1949. 
x+386 pp. 64figs. 25tables. 16X23.5cm. $4. 


Tuts book is a new addition to the McGraw-Hill Chemical 
Engineering Series. As a text it is designed for the third or 
fourth year of undergraduate work and for use in a two-semester 
course of average intensity. 

The author states that the book is to present, from a chemical 
engineering viewpoint, an introductory treatment of thermody- 
namics which is sufficiently simple and free from complicated 
mathematical treatment that it may be understood by the average 
undergraduate student, yet rigorous and sound enough to pro- 
vide a firm foundation for more advanced work. The subject is 
covered under the following twelve chapter headings: (1) Intro- 
duction to chemical engineering thermodynamics, (2) The first 
law of thermodynamics (3) Pressure-volume-temperature 
relations of fluids, (4) Heat effects, (5) The second law of 
thermodynamics, (6) Thermodynamic properties of fluids, 
(7) Flow of fluids, (8) Production of work from heat, (9) 
Compression and expansion process, (10) Refrigeration, (11) 
Phase equilibria, and (12) Chemical-reaction equilibria. In 
each chapter numerical examples are solved that illustrate very 
well the various topics under discussion, and at the end of each 
chapter there are lists of unsolved problems which are aimed 
principally at chemical engineering applications. 

The material covered in the twelve chapters generally follows 
the usual approach. However, the author introduced two work 
terms, one to represent work done by the system, and the other 
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to represent work appearing in the surroundings. In the case of 
irreversible processes, it is not clear just where the irreversibility is 
to occur. By the conventional definitions of system and sur 
roundings (also those used in this text), this irreversibility occurs 
in either one or the other. It would appear that, by using these 
two work terms, the irreversibility is occurring at the boundary 
between the system and the surroundings. This is apt to prove 
confusing to the student and, at the same time, no apparent ad- 
vantage can be seen for this approach. 

The author waits until the last chapter to define “standard 
states’”’ while the concepts have actually been used in one form 
or another from Chapter 3. The student generally is careless in 
using standard states unless they are introduced early and are 
carefully emphasized each time they are encountered. Also, it is 
important to point out why a standard state is necessary in each 
of the cases encountered. 

In Chapter 11, equation (11-2) is not the definition of the 
chemical potential as given by Gibbs. Reference is made to “The 
Collected Works of J. Willard Gibbs,” Vol. I, page 89, Longmans 
Green and Co., Inc., New York, 1931. As long as the author 
uses partial free energies in the text, the introduction of the Gibbs 
y-potential adds little, and may prove very confusing. The 
author would have done better to have stated and discussed the 
equilibrium conditions in terms of partial free energies instead of 
introducing Gibbs’ treatment. This would have circumvented 
the discussion centering around equation (11-11) and the con- 
fusion that is certain to arise in the beginner’s mind as to just 
what is the difference between the partial free energy and the 
u-potential, if any. 

Chapters 11 and 12 would have been greatly improved if the 
author had expanded them. The author states in the Preface 
that the book is designed for use in a two-semester course of 
average intensity but may be used for a one-semester course by 
omitting most of Chapters 11 and 12. On the basis of this 
division it appears that supplemental material would be neces- 
sary in a two-semester course. 


HARTLEY C. ECKSTROM 
STaNoLIND Ort anp Gas CoMPANY 
Tusa, OKLAHOMA 


* UNFAMILIAR OXIDATION STATES AND THEIR 
STABILIZATION 


Jacob Kleinberg, Associate Professor of Chemistry, University 
of Kansas, Lawrence, Kansas. University of Kansas Press, 
Lawrence, Kansas, 1950. 13l pp. 8figs. l7tables. 14 xX 22 


cm. 


Tue stabilization of valence states of the elements has impor- 
tant implications, both in theory and in practice. It enters into 
considerations of structure and reaction mechanism and is of 
utmost importance in electroplating, in catalysis, in many ana- 
lytical separations, and in oxidation-reduction reactions of all 
sorts. Examples are abundant, and applications have been 
used for many years. Thus, silver and gold, which are usually 
inert to all but the strongest oxidizing agents, are readily oxi- 
dized by the air in the presence of potassium cyanide, because of 
the formation of the [Ag(CN)2|~ and [Au(CN).2]~ complex ions, 
and copper is dissolved by hydriodic acid because it forms the 
stable [CuI,]~ ion. In the presence of excess fluoride ion per- 
manganate titrations yield manganese in the tripositive state 
rather than in the more usual dipositive state. Erbium is sepa- 
rated from the other rare earths through the formation of the 
stable, insoluble, europous sulfate, while cerium is separated by 
oxidation to the tetrapositive condition. Cobalt cannot be de- 
ermined polarographically in the presence of nickel if the inert 
electrolyte is a chloride bath, but the polarographic waves are 
quite distinct when the bath contains an excess of thiocyanate. 

In spite of the importance of the subject of valence stabiliza- 
ion, little was written on it until about a decade agc& During 
the last few years it has attracted a considerable amount of at- 
tention and several brief reviews on the subject have appeared. 


These have stimulated some valuable research, but the surface 
of the subject has hardly been scratched. The monograph by 
Professor Kleinberg is therefore especially welcome and it is hoped 
= it will do much to stimulate further interest in this important 


The opening chapter of the book clearly outlines the factors 
which are important in different kinds of valence stabilization 
and delineates the underlying principles. Succeeding chapters 
discuss the low oxidation states of the elements of the aluminum 
group, the superoxides, unusual oxidation states of the halogens, 
and of copper, silver, chromium, manganese, iron, cobalt, nickel, 
and the rare earths. To many chemists, compounds of monova- 
lent manganese or of trivalent copper and nickel will be new and 
exciting. Only a few examples are discussed, but they are well 
selected and will suggest many interesting research problems. 

Dr. Kleinberg done a splendid job, both in the selection of 
material and in manner of presentation. The monograph is 
a distinct addition to the literature of inorganic chemistry, and 
should receive wide strciv. 


JOHN C. BAILAR, JR. 
University oF ILLINOIS 
Urpana, ILuinors 


* SOLVENTS 


Thomas H. Dunans. “ixth edition. D. Van Nostrand Co., 
New York, 1950. xv + 242pp. 14.5 X 22cm. $6. 


Tue title for this book should be “Solvents for Cellulose Ni- 
trate,” although the acetate is occasionally mentioned. No 
general discussion of solvent properties outside this specific field 
is given, so the book will be useful only to one engaged in lacquer 
formulation. 

The book is divided into two parts, the first 74 pages being a 
genera] discuSsion of solvent properties of importance in lacquers 
and the second part a specific description of individual com- 
pounds in nine classes of solvents. An appendix gives trade 
names, solubility tables for cellulose compounds and resins, and 
plasticizer proportions. 

The fifth edition was published in 1944, but only two references 
in the sixth edition bear dates later than this. Frequent reference 
is made to undated manufacturers’ circulars, and some of this 
material may be more recent. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


x THE CHEMISTRY OF INDUSTRIAL TOXICOLOGY 


Hervey B. Elkins, Chief of Laboratory, Division of Occupational 
Hygiene, Massachusetts Department of Labor and Industries. 
John Wiley & Sons, Inc., New York, 1950. ix + 406 pp. 24 
figs. 43 tables. 14 X 22 cm. $550 


Tuts book was written to ‘provide a convenient source of in- 
formation on the basic properties of the common industrial 
poisons; to stimulate the interest of the industrial chemist in 
problems of occupational illnesses of toxic origin; and to en- 
courage employers to utilize the knowledge and training of their 
chemists and chemical engineers in protecting their workers 
from the harmful substances to which they are exposed.” Since 
control of occupational disability resulting from undue exposure 
to toxic substances may best be made initially by chemical 
methods, this book treats industrial poisons primarily from the 
point of view of the chemist and engineer rather than from the 
medica! point of view. 

The first two chapters cover general principles known to the 
toxicologist and with which the industrial chemist should be 
familiar. Chapters III, IV, and V discuss in general terms the 
hazards associated with the elements and their chief industrial 
compounds. Chapter VI deals with additional inorganic com- 





pounds, e. g., phosgene, thiony] chloride, sulfur dioxide, oxides of 
nitrogen, etc. Chapters VII, VIII, IX, and X cover organic 
compounds, beginning with hydrocarbons and ending with com- 
pounds containing, N, P, 8, or Si. Chapter XI deals with 
natural and industrial products. 

In Chapter XII through Chapter XVI are discussed pre- 
ventive measures, operations and processes with their hazards, 
maximum allowable concentrations or harmful vapors, fumes or 
dusts, ‘‘fallacies and unsolved problems,” and general sampling 
devices and procedures. The last Chapter, XVII, describes 
useful methods and procedures for the estimation of some of the 
commoner. substances encountered in industry. 

The book closes with a list of 366 references and an index. It 
might be added that recent literature is well represented in the 
bibliography. 

Written by a chemist who has practical familiarity with his 
subject, this volume should prove useful and valuable to the 
manager and supervisor where workers may be exposed to toxic 
materials. Especially useful features are Table 38, in which are 
assembled maximum allow&ble concentrations for 51/2 pages of 
substances, and Chapter XVII, 100 pages, where are described 
analytical methods and procedures for the commoner individual 
substances, listed in alphabetical order; these procedures are 
based for the most part on those employed or in use in the 
author’s laboratory. 

Replete with information that also the academic chemist 
should know, this book is authoritatively and well written. 
This reviewer questions only the author’s definition of minimum 
lethal dose. The expression ‘“‘LD;o” is preferable. 


WALTER H. HARTUNG 


University or NortH CAROLINA 
Cuapet Hitt, NortH Carona 


. THE LIGHT METALS INDUSTRY 
Winifred Lewis. Temple Press, Ltd., Bowling Green Lane, 


London, E. C. 1, England, 1949. xiv + 397 pp. 38 tables. 


Illustrated. 14.5 X 22cm. 2ls. net. 


This book is a historical study of the technological and eco- 
nomic development of the magnesium and aluminum industry. 
It discusses the problems which have been and are facing the in- 
dustry and how they reflect the times which have made these 
metals so important. In the words of the author, “if this book 
is viewed as the ‘progress report’ of the light metals industry... 
rather than one more textbook on the light metals, the critical 
spirit in which some of the aspects of the industry are appraised 
or interpreted will be regarded as admissible,’ and thus better 
understood. “It has been particularly interesting to verify in 
practice how much of human history is written through the lines 
of a review of an unfolding industry.” 


& THE STUDY OF THE PHYSICAL WORLD 


Nicholas D. Cheronis, Chicago City Colleges, James B. Par- 
sons, University of Chicago, and Conrad E. Ronneberg, 
Denison University. Second edition. Houghton Mifflin Com- 
pany, Boston, 1950. ix -+907pp. 467 figs. 69tables. 16 X 
24cm. $5. 


At THE present time the educational world is closely examining 
its underpinnings. It is probably only the very exceptional col- 
lege faculty that is not busily engaged in some program of evalua- 
tion. This attempt at self criticism has been going on for a long 
time in the field of physical science; consequently, there is a 
large number of textbooks in physical science on the market 
which are designed for use in a fused or integrated general educa- 
tion type of course. This book is such a one; however, it differs 
from the others inasmuch as the job is extremely well done. The 
authors are at institutions where examination of the general 
program has been in progress for a number of years, and they 
are well known for their participation and contributions. 


JOURNAL OF CHEMICAL EDUCATION 


In the words of the authors, the book was planned with these 
general aims: 


(1) To emphasize the significance of science in relation to 
modern life, its potentialities for good and for evil; 

(2) To stress continually the methods of science, rather than 
the end products of scientific thinking, in the hope that 
its applications will thereby be greatly extended; 

(3) To give students some special knowledge of modern 
science which will function in their own lives in a socially 
desirable manner. 


If the excellence of the text is a valid criterion these aims have 
been eminently well achieved. 

“The Study of the Physical World.” has been known for several! 
years, since its first edition appeared in 1942, as one of the 
better physical science texts. The advantages and desirable as- 
pects of the first edition have been retained and enlarged upon. 
The entire book is well planned and presented. For example, 
each chapter has a particularly well-writter introduction which 
serves to orient the student and to tie in the chapter with the 
rest of the text. Each chapter is followed by a summary, 
following which there are about .two pages of study exercises 
which most teachers will appreciate. The reading suggestions 
for each of the chapters refer forthe most part to authors who 
emphasize the social and philosophical significance of the various 
topics. 

The changes in this edition include: revision of the chapters 
dealing with the structure of matter, condensation of the former 
chapters on fuels and foods, revision of the chapter on weather 
and simplification of the chapter on chemistry, and inclusion of a 
number of recent scientific advances. The new material con- 
tinues the effective presentation of the rest of the book, is well 
indexed, and contains a generous number of excellent figures 
and tables. Another added feature is the list of chemical ele- 
ments (up to number ninety-six) inside the front cover of the 
text. 


CLAUDE FELL MERZBACHER 
San Disco State CoLiece 
San Dieco, CALIFORNIA 


% LUMINESCENCE OF SOLIDS 


Humboldt W. Leverenz, RCA Laboratories Division, Princeton, 
New Jersey. John Wiley & Sons, Inc., New York, 1950. xv + 569 
pp. 143 figs. 15.5 X 23.5cm. $12. 


Tuts book, the latest of the postwar volumes on luminescence 
is offered as an “‘introductory and useful description of lumines- 
cent solids . . . in language comprehensible to the science gradu- 
ate .. . it is intended for nonspecialists in luminescence but it is 
expected to be useful as a text in training future specialists.” 
The viewpoint and general] plan of the book are commendable in 
that a reasonable balance has been achieved between attention to 
the practical aspects of phosphors and the theoretical interpreta- 
tion of their behavior. 

Three short introductory chapters are devoted to discussions of 
elementary concepts of matter and energy, the properties of crys- 
tals, and the synthesis of phosphors, These chapters drive home 
the point that a proper approach to the understanding of crystal 
phosphors must combine the considerations of modern solid state 
physics with those of chemistry and structural crystallography. 
The next two chapters, comprising about 250 pages or more than 
half the book, consider the luminescence process in detail, includ- 
ing discussions of energy levels in phosphors, excitation and emis- 
sion phenomena, laws of luminescence decay, stimulation and 
quenching of phosphors, and the effect of a number of variables 
on luminescence efficiency. The final two chapters summarize 
the general properties of phosphors with emphasis on the techni- 
cally most important materials, and discuss their applications to 
cathode-ray tubes, fluorescent lamps, infrared detectors, X-ray 
screens, and other less well-known devices. 

As an introduction to luminescence for the science graduate and 
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the nonspecialist, the book is not an unmixed blessing, however. 
Among the more important reasons for this are the following: the 
introduction and repeated use of terms, notations, and classifica- 
tions which are of questionable value; the relatively brief expo- 
sition of concepts, such as the polaron and exciton; which are 
unfamiliar to the novice, while such familiar concepts as the dif- 
ference between a substance and a material are considered in 
great detail; and considerable speculation by the author concern- 
ing the structure of certain specific luminescent centers and the 
mechanism of luminescence in these cases, which is not clearly in- 
dicated to be speculation. Other features which detract from the 
book are the author’s style, which is replete with italics and bold- 
face type and makes profuse use of parenthetical remarks; and 
the difficulty, in spite of extensive indexing, of finding where a 
specific property of a specific phosphor is discussed in the text. 

There is a wealth of useful and illustrative data on all the tech- 
nically important phosphors. These are presented in numerous 
tables and excellent graphs. There is also a long bibliography 
with emphasis on the most recent work on phosphors, 


James H. ScoutMAN 
Navat Reegzarce LABORATORY 
Wasninerton 20, D. C. 


* THE USE OF CHEMICAL TESTS FOR ALCOHOL IN 
TRAFFIC LAW ENFORCEMENT 


Glenn C. Forrester, Manager, Intoximeter Association, Niagara 
Falls, New York. Charles C Thomas, Publisher, Springfield, 
Illinois, 1950. 91 pp. 2 figs. 14.5 X 22.5 cm. $2. 


Turs little book discusses the problem of alcohol in traffic cases 
from three points of view. First, the author points out the diffi- 
culties in apprehending an alcoholic driver, indicating that other 
causes can appear as alcoholism. Secondly, he discusses the 
advisability of setting up a chemical test program showing the 
advantages in apprehension, for example, and indicating the 
difficulties with public opinion, etc. Finally, he outlines the 
legal aspects of a chemical test program when installed. 

Forrester recommends the Intoximeter for chemical tests and 
goes into some detail to explain its use in the hands of the police 
officer and ultimately in those of the chemical technician. This 
discussion is accompanied by a diagram of the Intoximeter and 
an explanation of its mechanism, physical and chemical. 


® THIRD SYMPOSIUM ON COMBUSTION, 
FLAME, AND EXPLOSION PHENOMENA 


Edited by Bernard Lewis, Hoyt C. Hottel, and A. J. Nerad. 
Published under the auspices of The Standing Committee on 
Combustion Symposia. The Williams & Wilkins Co., Baltimore, 
Maryland, 1949. xiii + 748 pp. 688 figs. 193 tables. 18 x 
26 cm. $13.50. 


Tuts volume includes 100 papers which were presented at the 
Symposium held in September, 1948, at the University of Wis- 
consin, They are grouped under the following headings: flame 
stabilization and quenching; flame propagation in explosive gas 
mixtures; flames of fuel jets; ignition of gas mixtures; kinetics 
and mechanism of combustion reactions; flame spectroscopy and 
radiation; burning and detonation of explosives; thermodynam- 
ics of flame gases and thermochemistry; experimental tech- 
niques; combustion in engines and rockets; gas burners and 
furnaces. 

The number of papers, as well as their scope, reflects the in- 
creased amount of effort being put into this field; publication of 
the first such Symposium in 1928 took 59 journal pages, publica- 
tion of the second in 1937-38 took 561, and this third requires its 
own weighty volume of 748 pages. The field has high scientific 
fascination and great practical importance, and the latter has 
been emphasized by recent wartime developments in explosives 
and in fuel jets. 

The papers range from the most elegant theoretical studies in 
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hydrodynamics and kinetics to the most practical observations on 
furnaces and flameholders. Inevitably they are uneven in qual- 
ity; but the collection gives a fair impression of our knowledge in 
this field. 

It should be emphasized that there are no “review” papers in 
the collection: these are research papers. A stranger to the field 
will find no connected introduction here. But the worker in this 
field will find a variety of current viewpoints drawn together in a 
stimulating, and occasionally contradictory, fashion. Every such 
worker will want this volume, and will feel indebted to the com- 
mittee which saw the Symposium through the press. 


BRYCE L. CRAWFORD, JR. 


UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 


a SUGAR, ITS PRODUCTION, TECHNOLOGY, AND 
USES 


Andrew Van Hook, Professor of Chemistry, College of the Holy 
Cross, Worcester, Massachusetts. The Ronald Press Co., New 
York, 1949. ix +155 pp. 24figs. 14tables. 15 X 22cm. $3. 


Proressor Van Hoox’s book is addressed to the cultivated 
general reader. It tells in attractive literary form the wonderful 
story of a substance that everyone likes—sugar. It describes the 
history of the substance, its chemistry and technology, its com- 
mercial and trade aspects, and the utilization of the by-products 
of the industry. The author has skilfully presented a vast 
amount of information in a short book that will appeal to a wide 
audience. It is very properly a volume in the ‘Humanizing 
Science” series that is edited by Jaques Cattell. 


Cc. 8. HUDSON 
Nationat Institutes or Heats 
Beruespa, MaryLanp 


* FUNDAMENTALS OF ORGANIC CHEMISTRY 


James Byrant Conant, President of Harvard University, and 
Albert Harold Blatt, Professor of Chemistry, Queens College. 
The Macmillan Co., New York, 1950. ix +413 pp. 14.5 K 22 
cm. $4. 


“FUNDAMENTALS OF ORGANIC CHEMISTRY” “‘was first planned 
as a simplified and abbreviated version of the third edition” of 
the well-known “‘Chemistry of Organic Compounds,”’ but ‘“some- 
thing more than an abridgment was required for the type of 
student” who would use this book. It is necessary for the pre- 
medical student, the biology or agriculture major, or, for-that 


.matter, the general student to know a good deal about organic 


chemistry today. Yet most colleges schedule only a one-semester 
course in the subject for these students. What is essential, then, 
is to present a clear picture of organic chemistry and its ramifica- 
tions for the prospective doctors, biologists, or industrialists in the 
time allotted. The text for this course must be an unusual one. 
It must not be too long, yet it must cover the important details 
and give some applications of the subject. To this end the 
authors have done a superb job. The problems of what to include, 
and more important what to exclude, have been expertly handled. 
The result is a text for a brief course giving the main points, and 
in addition some excellent chapters on industrial and biological 
applications of organic chemistry. All this is presented in a most 
readable style. 

The brief introduction concerning chemistry is followed by the 
unconventional first topic, Alcohols, an order which is traditional 
in Conant’s books. But we have not completed a page before the 
concept of isomerism is introduced and at once we find ourselves 
reading about formulas. In the first few chapters the important 
bases of organic chemistry are introduced. However, all of this is 
not forbidding, and the student is not lost. In the second chapter 
on alkyl halides, various types of bonds are discussed. Here we 
learn about rates and conditions for chemical reactions. Only 
now as we go to chapter three and study the saturated hydro-~ 
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carbons do we find the Geneva nomenclature. Following the un- 
saturates is an entire chapter on gasoline and rubber. There is 
also the usual listing of aldehydes, ketones, acids, and the re- 
mainder of the aliphatic series. 

A good chapter on stereoigomerism precedes carbohydrates, 
amino acids, and proteins. The next chapter is a most excellent 
introductory discussion of biological processes. Here the main 
and most recent topics of biochemistry are mentioned and ex- 
plained. Although only briefly covered—each one could be a 
course in itself—the concepts serve to introduce the student to 
future and more advanced work. 

Five chapters, 80 pages, are devoted to aromatic chemistry. 
The four chapters, Polynuclear Aromatic Compounds, Alicyclic 
Compounds and Related Natural Products, Heterocyclic Com- 
pounds, and finally Natural and Synthetic Drugs complete the 
book. 

Throughout the book the authors use the technique for em- 
phasis of new words or ideas by means of italic or bold face type. 
The chapters are all subheaded to permit the student to think in 
terms of definite units. The entire book is well cross-referenced, 
thus avoiding needless repetition. In the entire book the re- 
viewer found only a few points that need comments. Some of 
these are a matter of opinion or emphasis. For example, one 
may feel that the section on Directive Influence of Substituents 
should be in the very first chapter on aromatic compounds rather 
than in the second one. The only point for correction noticed 
is that the new synthetic analgesic now has the accepted name of 
Methadone; it is no Jonger known as Amidone. 

One has the feeling after reading this book that it is well bal- 
anced. It can be recommended as one of the best books of its 
kind today. 


ARTHUR FURST 
Tue University or San FRANCISCO 
- San Francisco, CALIrornia 


a THE SCIENTISTS’ READY RECKONER 


W. Roman, Chief Analyst of Petrocarbon, Manchester, England. 
Dr. W. Junk, Publishers, 13, Van Stolkweg, The Hague, Nether- 
lands—Wm. Dawson & Sons, Ltd., 102, Wigmorestreet, London, 
England, 1950. viii + 142 pp. 16 X 24.5 cm. 15/-. 


Tuts book is a well thought out collection of valuable tables 
and constants for the purpose of chemical laboratory calcula- 
tions. Not only does it contain the expected four- and five-place 
log tables, atomic weights, and higher multiples but also molar 
and equivalent weights are given with their logs so that wasteful 
leafing through pages is eliminated. This is also true of gravi- 
metric factors and molecular weights. Other useful sections are 
those containing densities and temperature conversion tables. 
Any student or analytical laboratory worker will find a copy of 
the ‘Ready Reckoner” a calculation time saver. 


* MODERN SCIENCE TEACHING 


Elwood D. Heiss, Professor of Science, New Haven Teachers 
College, New Haven, Connecticut, Ellsworth S. Obourn, Head 
of Science Department, John Burroughs High School, Clayton, 
Missouri, and Charles W. Hoffman, Instructor in Physics and 
Physical Science, Temple University, Philadelphia, Pennsylvania. 
The Macmillan Company, New York, 1950. viii + 462 pp. 
60 figs. 14X 22cm. $4.50. 


‘‘Modern Science Teaching” is a revision of that excellent 
teaching aid, ‘Modern Methods and Materials for Teaching 
Science.”” The purpose of the present edition is twofold: (1) to 
serve as a textbook for courses in the methods of teaching science 
and (2) to serve as a source book for teachers and supervisors of 
science. The material in the book is excellent. The book is 
divided into three sections. Section one is devoted to the 
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principles of science teaching. Section two considers the problem 
of science rooms and equipment. Section three is concerned 
with a treatment of visual and other sensory aids used in teaching 
science. Section one discusses the major goals of science teach- 
ing, the methods and techniques of science instruction, the selec- 
tion and organization of materials for teaching science, the 
evaluation of learning in science, and extracurricular activities in 
science such as science clubs, the science fair, the science museum, 
nature trails, and the science talent search. Teachers and 
administrators building new schools and maintaining old labora- 
tories will welcome the layouts of the different types of labora- 
tories for the various sciences including elementary science, the 
storage space suggestions, and the material on care and purchase 
of equipment. The third section treats in detail visual aid and 
projection equipment of all kinds. There is an excellent chapter 
on photography and another on the use of community resources 
in science teaching. The appendix is itself a source book with 
lists of equipment for all the sciences and sensory aids. The 
selected references are well chosen and offer further reading to 
the science educator. These notable authors have written a 
noteworthy book in the field of science education. 


GRETA OPPE 
Batt Hier ScHoou 
GALVESTON, TEXAS 


* HISTORIA DE LOS ELEMENTOS QUIMICOS 


Mary Elvira Weeks, Del Cuerpo de Investigacion de Literatura 
Cientifica en la Kresge-Hooker Scientific Library, Universidad 
Wayne. Translated by A. Sanroma Nicolau, Catedratico 


Numerario de Instituto. Manuel Marin, Provenza 273, Barcelona, 
Spain, 1949. xiv + 523 pp. Illustrated. 17 X 26 cm. 300 
Ptas. 


* HISTORIA DE LOS ELEMENTOS ARTIFICIALES 


A. Sanroma Nicolau, Catedratico Numerario de Fisica y 
Quimica en Institutos Nacionales. 117 pp. Illustrated. 


Dr. A. SanromA Nicoxau, Professor of Physical Chemistry at 
the National Institutes of Spain, has translated into Spanish the 
“Discovery of the Elements” by Mary Elvira Weeks, Research 
Associate with the Scientific Library of the Kresge-Hooker 
Scientific Library. He has also introduced some valuable en- 
largements, especially concerning the newer elements. 

The “Discovery of the Elements” through five editions, the 
last one in 1945, has reached a wide and merited circulation. It is 
written to show scientifically the work done by the men who dis- 
covered the elements. With the aid of biographical notes and 
selected transcriptions from original documents the reader com- 
prehends the magnitude of the problems involved in the discovery 
of each element, and at the same time something about the life 
and personality of the scientists. The book results in very in- 
teresting and instructive reading. , 

In this Spanish translation Dr. Sanromé4 has introduced some 
additional transcriptions from original documents, particularly in 
the chapters about Spanish scientists. Dr. Sanromé includes also 
his “Historia de los Elementos Artificiales,” divided into two 
parts, with a total of eighteen chapters, following the same general 
plan of the translated book. The first part, in ten chapters, is a 
description of the process of development of the actual methods in 
nuclear reactions. The second part gives the history of the ele- 
ments 43, 61, 85, 87, 93, 94, 95, 96. 

The translation of the “Discovery” is a very valuable contribu- 
tion to Spanish scientific literature. The material on the newer 
elements contributed by Dr. Sanromé4 increases the value of 
this book. 


CARLOS PIRIZ MAC-COLL 
Fac. Quimica ¥ Farmacia DE MonrTEVIDEO 
Monrevipe0, Urvevary 
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“sparkless’’ LABORATORY STIRRER 








Speed Controlled by a Watt Governor, Eliminating 


Rheostats, Gears, or Friction-Drive Discs 


Speed Continuously Vari- 
able from 200 to 1500 r.p.m. 


SPARKLESS 
Induction Motor 
Eliminating the Explosion 
Hazard 


Thrust Ball Bearings 
Insure Long Life, Continuous 
Running 


Uniform Power Output 


5230. NON-SPARKING MOTOR STIRRER. This motor 
stirrer is efficient and perfectly controlled. The motor is of 
the induction type and, having no brushes, eliminates one of 
the greatest dangers of explosion found in all other stirrers 
when used over such solvents as ether, alcohol, benzine, ace- 
tone, etc. The motor runs on the regular 60-cycle, 110-volt 
A.C. circuit, has practically the same power input at high or 
low speeds and will not burn out if stalled. A binding post. 
is provided on the support rod of the motor and is thereby 
electrically connected through the motor shaft to the stirrer 
so that the latter can serve as the rotating anode in electrolytic 
analysis. 


This is not a friction drive outfit, the stirring rod being 
direct-connected to the motor shaft by means of a chuck 
which takes any sized shank from 0 to 6.5 mm. and can be 
very tightly adjusted with the fingers. The speed of the 
motor is delicately controlled over a range from 200 to 1500 
R.P.M. by means of a governor contained in the housing and 
activated by means of a very positive screw adjustment. The 
speed range is, therefore, from a minimum as low as ever de- 
sired up to the maximum speed of the motor. While the 










No. 5230. 


speed is manually controlled through the setting of the ad- 
justing screw, the particular construction of the governor 
makes this speed control for a given setting automatic in that 
a decrease of speed (which might be due to an increase in vis- 
cosity of the liquid as the stirring progressed) brings the 
governor weights further in, thus reducing the friction be- 
tween the control surfaces and automatically speeding up the 
motor. The reverse would be true in case the resistance to 
the stirring were suddenly or gradually lowered. In all other 
stirrers employing either the friction disc or the worm gear 
drive, there is no constancy of speed when variations of the 
line voltage or variations of the load occur. 

The motor shaft is provided with thrust ball bearings, both 
top and bottom. The motor and governor have no wearing 
parts and the outfit will last for years. By arranging the 
angle of the motor shaft the stirring can be accomplished in 
any position desired. Each, $35.00 


5230A. NON-SPARKING MOTOR STIRRER. Similar 
to No. 5230 but for 220-volt, 60 cycle A.C. circuit. A “‘step- 
down” transformer from 220 to 110 volts is provided in the 
line. : Each, $45.00 


W. M. WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 


1515 Sedgwick Street Dept. D 





Chicago, Illinois, U.S.A. 
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Tue acceptance by the American Chemical Society 
of the administration of an award to be known as 
The Scientific Apparatus Makers Award in Chemical 
Education is a long-delayed recognition of the im- 
portance of this aspect of the whole professional field 
of chemistry. Almost every other activity within it is 
so decorated with medals, prizes, and scrolls that one 
can scarcely pick up a chemical periodical without 
reading of some chemist who has received a mark of 
distinction. But the teachers and their supporters in 
the cause of education go unapplauded. 

The establishment of this award is a recognition of 
the breadth of the field of chemical education, of its 
definition in terms for which some of us have long con- 
tended. Chemical education has at last burst out of the 
schoolroom! The rules of eligibility for this award state: 


A nominee must have made outstanding contributions to 
chemical edycation considered in its broadest meaning, including 
the training of professional chemists; the dissemination of reliable 
information about chemistry to prospective chemists, to members 
of the profession, to students in other fields, and to the general 
public; and the integration of chemistry into our educational 
system. The activities récognized by the award may lie in the 
fields of teaching (at any level), organization and administration, 
influential writing, educational research, the methodology of 
instruction, establishment of standards of instruction, and public 
enlightenment. Preference shall be given to American citizens. 


There is only one jarring note in an otherwise pleasant 
picture: the name attached to the award. The gen- 
erosity and good faith of the sponsors are greatly ap- 
preciated. They have done a fine thing in financing 
this prize of $1000, with adequate incidental expenses, 


for a minimum period of five years. We respect the 
good name of their Association; we appreciate that the 
Association, as well as its commercial activity, plays a 
vital part in chemical education. But we do wish that 
the name of the award indicated more clearly that it is 
an award in chemical education, rather than a Scientific 
Apparatus Makers Award. Without doubt, it will be a 
prize worth striving for—$1000 is a sizable addition to 
any teacher’s income. But a less obviously commercial 
name would have given a dignity to this prize which it is 
not now likely to have. Most teachers feel that their 
life-work is something which cannot be characterized in 
commercial terms. 

It is true that some of the many prizes, medals, and 
awards sponsored by commercial organizations carry 
the names of their sponsors. In certain cases the same 
criticism attaches to these; in others the conditions 
are not objectionable. Nevertheless, there is something 
subtly different about recognizing, say, a teacher who 
has spent his life in selfless devotion to his students, 
and a genius who has invented a new method for 
cracking petroleum. 

The Nobel Prize is one of the best known scientific 
honors; suppose it had been called “The Hercules 
Powder Company Prize’’! After all, the Nobel money 
comes from explosives. 

But my intention is to be constructive, not deroga- 
tory. Surely, in the continuation of this commendable 
project the S.A.M.A. will be broadminded enough to 
change this name which they have insisted upon. 
Otherwise, I feel sure that the James F. Norris Medal, 
which covers at least part of the same field, will be the 
more highly prized award. 





e OTTO HAHN 


Orro Haun certainly never envisioned the atom bomb 
when he and F. Strassmann found that neutron irradia- 
tion of uranium and thorium splits these heavy elements 
into two elements of medium weight. The first pub- 
lications appeared on January 6 and February 10, 
1939, in Naturwissenschaften. This finding formed the 
beginning of the application of the tremendous energies 
residing in the atomic nuclear forces. There is no need 
to point out how much the course of military and poli- 
tical history has been altered because of this study in 
pure nucleonics. However, this was only one of Hahn’s 
many important achievements. 

Otto Hahn was born on March 8, 1879, at Frankfurt 
am Main. He studied chemistry at Marburg and 
Munich; the doctorate was taken at Marburg in 1901 
with a dissertation in organic chemistry. After serving 
the required year in the armed forces, he returned to 
Marburg, where for two years he was assistant to Th. 
Zincke. The winter of 1904-05 was spent at University 
College, London, under Ramsay. Here he was assigned 
the problem of preparing a pure radium salt, and when 
(1905) in the course of this work he discovered a new 
radioactive material, namely radiothorium, he decided 
to leave the organic field and devote his efforts to 
studies in the new and exciting field. From the fall of 
1905 to the summer of 1906, he worked in the physics 
department at Montreal under Rutherford. Here he 
discovered radioactinium, and together with Ruther- 
ford studied the action of a-rays on radiothorium and 
radioactinium. 

On the recommendation of Ramsay, Dr. Hahn was 
given an appointment (1906) in Emil Fischer’s depart- 
ment at the University of Berlin where he discovered 
another new radioelement, which he named mesothor- 
ium. In 1907 he habilitated at Berlin and in 1910 was 
advanced from dozent to (associate) professor extra- 
ordinary. In these years he published many papers on 
radioactivity, for the most part jointly with Lise 
Meitner, who had come to Berlin from Vienna in 1907. 
Some of the fields of study were radioactive recoil, 
8-ray spectra, new radioactive materials. Together 
with Otto von Baeyer, he investigated 6-rays, their ab- 
sorbability, magnetic spectra, etc. New radioactive 
transformation products were obtained in his laboratory 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


through application of radioactive recoil, which had re- 
cently been discovered by Hahn. 

In 1912 Professor Hahn was called to the newly 
founded Kaiser Wilhelm Institut fiir Chemie at Berlin- 
Dahlem. Here he was soon joined by Lise Meitner, 
whose physical radioactivity researches supplemented 
his more chemical lines of study. During World War I, 
the energies of the Institut were, of course, directed to 
war purposes. In 1918 Hahn and Meitner discovered 
protactinium, the long-lived parent substance of the 
actinium series. The discovery of uranium Z, the first 
instance of a nuclear isomerism among radioactive 
atomic species, was announced by Hahn in 1921. 

Professor Hahn also investigated the absorption and 
precipitation of minute quantities of materials. He 
published studies of normal and abnormal formation of 
mixed crystals, and dealt with problems whose solution 
was approached by radioactive methods. He used the 
“emanation method” for testing surface-rich and sur- 
face-poor substances. In 1938 he worked out the 
“strontium method” for determining the earth’s age. 

After the Joliot-Curie discovery of artificial radio- 
activity (1934), and the use of neutrons for atomic 
nuclear processes by Fermi (1934), Hahn and Meitner 
together with F. Strassmann began their collaboration 
on the processes that take place when uranium and 
thorium are irradiated with neutrons. The momentous 
discovery that eventuated in the atom bomb was made 
by Hahn and Strassmann in 1938. Thereupon, and 
until the end of World War II, he and his associates pre- 
pared and studied the many artificially active species 
that result from the nuclear fission reactions. None of 
their work was directed to the possible use, civil or 
military, of the energy released in these processes. 

Professor Hahn’s achievements have brought nu- 
merous distinctions and honors. He was awarded the 
Nobel Prize for Chemistry for 1944. His lectures as 
visiting professor at Cornell were published (1937) under 
the title ‘Applied Radiochemistry.” He is a member of 
many academies and learned societies. From 1946 he 
was President of the Kaiser Wilhelm Gesellschaft, and 
since 1948 he has headed its successor the Max Planck 
Gesellschaft zur Férderung der Wissenschaften, which 
now has its seat at Gottingen. 
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LABORATORY EXPERIMENTS IN 


MAGNETOCHEMISTRY' 


A numer of schools have found it desirable to intro- 
duce into their programs an intermediate laboratory 
course in physical chemistry, in which the advanced un- 
dergraduate or beginning graduate student performs 
experiments designed to demonstrate some of the more 
modern physicochemical techniques. Recently, pro- 
cedures have been described for the measurement of 
such quantities as dipole moments (1,2), natural and 
artificial radioactivity (3), and the molecular weight of 
polymers (4). It is the purpose of this article to de- 
scribe exercises on the determination of magnetic sus- 
ceptibilities which can be performed with equipment 
commonly available to the university laboratory. The 
experiments described here have been successfully in- 
troduced into our senior course in physical chemistry. 

While the measurement of magnetic susceptibility has 
been important in the research laboratory it has not 
been practicable on an instructional level because of 
the expense involved in setting up the rather elaborate 
equipment. Recently, small permanent Alnico mag- 
nets of high field strength have been developed for use 
with magnetron oscillators. These magnets, which 
eliminate the necessity of using the larger and more un- 
wieldy electromagnets, make it feasible to perform ex- 
periments which demonstrate the fundamental magnetic 
properties of all matter. With some refinements of 
the methods used, these magnets have already proved 
useful in chemical research (6). 


FUNDAMENTAL PRINCIPLES 


For a complete treatment of the magnetic properties 
of matter, the reader is referred to Selwood’s book on 
the subject (6). It suffices to say here that if the ends 
of a long uniform cylinder are suspended in magnetic 
fields H, and He, then a force is exerted along the axis of 
the cylinder due to interaction with the magnetic field. 
This force is given by the expression 

f= 1/9, - xe)( Hy? aan H.?)A (1) 
where A is the cross-sectional area of the cylinder and 
k, and ke are the volume susceptibilities of the substance 
and of the surrounding medium, respectively. The 
mass susceptibility, the susceptibility per gram, is re- 
lated by the equation 


x=5 (2) 
In the classical “Gouy” (pronounced ‘“‘Gwee”) method 





1 Presented at the 116th Meeting of the American Chemical So- 
ciety, Atlantic City, New Jersey, September 18-23, 1949. 
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for the determination of magnetic susceptibilities, this 
force is measured directly by means of an analytical bal- 
ance. The observed deflections, for the experiments as 
described here, are of the order of 10 mg. and thus it is 
possible to determine the susceptibility to within 5 per 
cent with an ordinary balance and a moderate amount 
of caution. 

Correlation of these susceptibility data with molecu- 
lar structure is very complex in the case of diamagnetic 
substances (substances having negative susceptibili- 
ties); however, a number of additive constants known 
as Pascal’s constants are often of value (7). All organic 
compounds, except free radicals, fall under this classifi- 
cation. In the case of free radicals and certain inor- 
ganic salts the paramagnetic susceptibility (positive 
susceptibility) is a measure of the number of unpaired 
electrons present in thesystem. The effective magnetic 
moment of the species, in Bohr magnetons, is given 
by the equation 


s- \ wad = 2.83 View (3) 
where xy is the molar susceptibility of the substance 
and @ is a factor (0.917 X 10-*) used to convert the 
¢.g.s. units to Bohr magnetons. The magnetic moment 
is also given in the case of the transitional elements by 
the equation 





un = Vain + 2) (4) 


where n represents the number of unpaired electrons 
present in the molecule. 


APPARATUS 


The apparatus used in our laboratories is shown in 
Figure 1. It consists of an old converted analytical 
balance, an Alnico magnet, and the sample tube. The 
balance is modified by removing the left pan and cut- 
ting a hole in the floor of the case. The sample tube is 
supported by means of a semirigid wire hung from the 
left stirrup. The tube is conveniently constructed from 
a ¥ 14/35 standard ground-glass joint to which a piece 
of glass tubing about 15 mm. in diameter and 12 cm. 
long is attached. The cap which prevents evaporation 
of the sample during the weighings has a glass hook 
formed in it and the members are held together by a 
small rubber band. 

The magnet used for the determination is a 3-cm. 
magnetron magnet and costs approximately $10 on the 
surplus market. The maximum field strength of this 
magnet is approximately 4800 gauss. The diameter of 
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Figure 1. Gouy Balance 


the pole faces of the magnet is 2 cm. and the polar gap 
about 17 mm. adequately accommodating a tube 15 
mm. in diameter. The field is sufficiently homogeneous 
in the central region to make the measurements prac- 
tical. Several of the characteristics of this system are 
shown in Figures 2 and 3. Other magnets of this same 
general type are available for use with these experi- 
ments and in some cases higher field strengths will be 
much more desirable because of the great increase in 
the observable forces. 
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As shown in Figure 1, the balance is supported on a 
wooden box which serves to protect the lower elements 
of the assembly. 


PROCEDURE 


The measurement consists in weighing the sample 
with and without the presence of the magnetic field. 
Since only the magnetic deflections, 7. ¢., the differences 
in the weights, are recorded, most of the weighing er- 
rors cancel. The principal remaining source of error 
is the reproduction of the position of the magnet around 
the sample tube. The height of the magnet may be 
regulated by using several sheets of asbestos cloth so 
that the end of the tube is at the center of the polar gap. 
The narrow spacing, 1 mm., between the tube and the 
pole faces, necessitates careful adjustment of the mag- 
net. 

Several difficulties arise from the preparation and use 
of the apparatus described here. First, since a pan is 
removed from the balance, the pan arrestors must also 
be removed, and care must be observed in order to pro- 
tect the knife edges. Motion of the sample in the field 
may change the forces on the tube by bringing it into a 
region of lesser field strength. Because of this it is nec- 
essary to adjust the weights to a fixed rest point. As 
long as the sample is within the homogeneous region of 
the field this is unimportant, as seen in Figure 2. Also, 
since the lower portion of the balance is partially ex- 
posed, air currents affecting the motion must be elimi- 
nated. 

The apparatus is calibrated with distilled water and 
air, the susceptibilities of which are known. The de- 
flection due to air must be subtracted from all the other 
deflections in order to correct the observations for 
the empty tube itself. The volume susceptibilities can 
be calculated from the relations which follow directly 
from Equation 1. 

Awn.o — AWasir _ KH,O0 — Kair 
Awz — AWair = Kz — Keir (6) 





or 


Awz — Awair 
Ke = (eH — air) Aws,o — Atair 
2 





+ Kair 


Awz — AWair 
Awni,o — AWair 


“™ KH,O (6) 
In order to determine the mass susceptibility it is also 
necessary to know the density of the sample. This can 
be conveniently found to sufficient accuracy with the 
aid of a Mohr-Westphal balance. 

Representative data obtained by the use of the equip- 
ment described above are given in Table 1. With the 
exception of air, all the substances are diamagnetic and 
the deflections correspond to repulsions of the sample by 
the magnetic gradient. The susceptibility of air is 
positive due to the high content of paramagnetic oxy- 
gen. Reasonable agreement with values published in 
the literature is seen for all these compounds. Stock 
liquids were used and no attempt was made to purify 
the samples, since, with the exception of certain ferro- 
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TABLE 1 
Magnetic Susceptibilities of Organic Substances 


Deflection, 
mg. 





Susceptibility x X 10° 


observed literature 





Air — 5.0 
Water —16.5 
Acetone —12.3 
Benzene —14.7 
Carbon-tetrachloride —15.8 
Ethyl iodide —17.9 
Ethanol —13.9 
Bromobenzene —16.2 


—0.57 





magnetic substances (iron), traces of impurities will 
cause no large deviation in the observations. 

Certain paramagnetic inorganic salts also furnish ex- 
cellent examples for the student to work with. In 
Table 2 the data obtained for a number of nickel chlo- 
ride solutions are given. A master solution, made up 
by weighing out a quantity of nickel chloride hexahy- 
drate, was diluted to the other concentrations. The 
observed mass susceptibilities are plotted as a function 
of the concentration of nickel chloride in Figure 4. In 
diluting the solutions one must keep in mind the fact 
that the densities of the solutions differ appreciably 
from unity. Since the preparation of the nickel chlo- 
ride solutions to accurately known concentrations is 
rather time consuming, the experiment may be hastened 
by preparing a master graph of composition against spe- 
cific gravity. The solutions can then be made up ap- 
proximately and quickly and the compositions of these 
solutions can then be determined from the specific grav- 
ity measurements. 





TABLE 2 
Magnetic Susceptibility of Nickel Chloride Solutions 
Concentra- Deflection, Susceptibility, Molar sus- 


mg. x X 10° ceptibility, 
xm X 10° 








— 16.5 ee 
— 3.9 4100 
6 : 3980 
3 3 3970 
2 i 3930 
6 3990 


106.5 3960 





‘The deflections observed for these nickel chloride solu- 
tions range from 106.5 mg. positive in the case of the 
20 per cent solution to that of the pure solvent, 16.5 
mg. negative. In this case, the susceptibility of the 
solutions is known to be an additive function of the 
components of the solution. After corrections have 
been made for the contribution of water, the calculated 





TABLE 3 
The Complex Salts of Nickel 


Relative deflec- 
tion, mg. 


—16.2 
10.8 ‘ 
9.2 

—15.7 





Substance 


Water 

Nit+* 
Ni(NH;),+* 
Ni(CN),-—- 
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molar susceptibility is given in the fourth column of 
Table 2. The values listed are slightly lower than the 
reported value of 4300 units at this temperature, the 
difference probably being largely due to the fact that no 
attempt was made to accurately analyze the samples of 
hydrate used. The magnetic moment is found to be 
3.1 Bohr magnetons as compared to a value of 2.8 cal- 
culated if one assumes the presence of two unpaired elec- 
trons in the nickel ion. Many other paramagnetic 
salts can be used to demonstrate the principles in- 
volved. 

As an extension of the study of the magnetic prop- 
erty of the inorganic salts, the susceptibility of certain 
complexes of nickel can be used to illustrate the effect of 
the pairing of free electrons in the ion. Twenty-five 
ml. of a nickel chloride solution and 25 ml. each of wa- 
ter, ammonia, and potassium cyanide were added to- 
gether and the observed deflections are given in Table 3. 
In each case the amount of reagent added is sufficient to 








weight percent NICI, 


Figure 4. Mass Susceptibility of Nickel Chloride Solutions 





give an excess for the formation of the complex salt. 
The ammonia complex is seen to be paramagnetic, simi- 
lar to the pure nickel salt, while the cyanide complex is 
diamagnetic. In the first case the electron configura- 
tion of the nickel is not changed during the formation of 
the complex ion, while in the second case a rearrange- 
ment takes place. 

It is believed that the experiments described here can 
help to fill in a large gap in training in the field of molec- 
ular properties. The introduction of these measure- 
ments has been shown to be feasible in an intermediate 
laboratory course in physical chemistry. 
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* A CONDUCTIVITY EXPERIMENT FOR GENERAL CHEMISTRY 


One of the most common conductivity experiments is 
the neutralization of a saturated aqueous solution of 
barium hydroxide by sulfuric acid. The current 
carried by the reaction mixture is small because barium 
hydroxide is not very soluble, and the barium sulfate 
formed in the reaction precipitates out. As soon as 
the stoichiometrical point is reached, the excess sul- 
furic acid makes the solution a good conductor which is 
shown by an increase in the brightness of the light bulb, 
or recorded on the ammeter. 

This experiment can also be used to determine the 
strength of an unknown sulfuric acid solution. It is 
well adapted to beginning students and deserves a 
wider usage than is indicated by its appearance in 
only 35 per cent of the laboratory manuals we have 
examined. 

However, we wished to go a step farther in connec- 
tion with the discussion of the Brgnsted Theory. L. C. 
Flowers (1) used glacial acetic acid as the solvent and 
described the titration of sodium acetate by perchloric 
acid using basic fuchsin as the indicator. We are ac- 
customed to using a solution of sulfuric acid in glacial 
acetic acid in place of the more dangerous perchloric 
acid. The indicator (Tropeolin 00) changes from light 
yellow in sodium acetate to purplish in sulfuric acid, 
but the end point is not very sharp. The sodium sul- 
fate which is formed in the reaction is insoluble in the 
glacial acetic acid solvent and masks the color. 

Since this reaction is similar to the neutralization of 
barium hydroxide by sulfuric acid, described earlier in 
this article, which lends itself to conductometric 
titration, it was decided to try the same method of 
measurement on the sodium acetate-sulfuric acid reac- 
tion. 

Sulfuric acid (0.1 M) in glacial acetic acid is a very 
weak acid and produces a faint glow on a neon bulb (2) 
used to measure the passage of the current. Sodium 
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acetate (0.1 M) in glacial acetic acid produces a much 
brighter illumination with the same apparatus. There- 
fore, the sulfuric acid solution was placed in a beaker, 
and the copper electrodes immersed in the acid. It 
does no harm to add a drop of the indicator. Then the 
sodium acetate solution was added slowly with vigorous 
stirring. No change in the glow around the edges of 
the plate in the neon bulb was observed, except that 
there was a flickering during the stirring because more 
of the reaction mixture would strike the electrodes, and 
then more current could be carried temporarily. When 
the end point was reached, the purplish color disap- 
peared, and the neon bulb showed a marked increase in 
brightness. 

These two reactions performed with the same equip- 
ment serve as the basis for the consideration of the 
Brgnsted Theory and reactions in nonaqueous solvents. 
They can also be performed using the indicator method, 
but we prefer the conductometric ‘method herein de- 
scribed, because it emphasizes the role of ions in these 
reactions, and eliminates the mystery and complexity 
of indicators. ; 

In the first experiment, using water as the solvent, 
the hydroxide ion is the base, the hydronium ion is the 
acid, and the equivalent point is reached when these 
two react to form water, the solvent. 


OH~ + H;0* = 2H,0 


In the second experiment, the acetate ion is the base, 
and some such ion as HC,H;0,-H* is the acid. Neu- 
tralization is reached when acetic acid, the solvent, is 
produced. 


C:H30:;~ + HC,H;0;H*+ = 2HC,H;0, 
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‘No sussrance has been as repeatedly studied as 
was Antimony; few substances have been the topic of 
so many papers: you could make up a library with 
treatises on Antimony...” If this was true at the time 
when Fourcroy (8) was writing his ‘‘Elémens de Chy- 
mie” (1780), how much more ‘true would such a state- 
ment be today. Recent monographs on antimony, 
namely those by J. W. Mellor (15), P. Renaud (17), and 
Gmelin (10), list thousands of references on anti- 
mony. 

As further stated by Fourcroy, antimony was “at all 
times considered as the most suitable starting material 
wherefrom Alchemists could attain their goal,” which 
was the transmutation of metals. Therefore, antimony 
was from the earliest times considered as a Philosophical 
Stone, or alternatively, was considered as the Lead of 
the Philosophers. 

It i8 the purpose of this paper to study the historical 
significance of antimony in relation to the making of 
gold, and in terms of the Lead of the Philosophers. 


ANTIMONY AND THE TRANSMUTATION OF METALS 


The earliest record on antimony refers to the natural 
sulfide, and has been deciphered, from hieroglyphic 
inscriptions along the Red Sea, as stem, whence the 
Greek stimmi and the Latin stibio. 

The papyrus of Leyden, among others, gives a rec- 
ipe “to confer on objects of copper the appearance of 
gold” by heating them in the presence of substances, 
difficult to identify chemically, but among which anti- 
mony compounds must have played a prominent role. 
Indeed, in Egypt, stem (the neutral sulfide of antimony) 
must have enjoyed much consideration among the 
priests and learned, since Moses brought along from 
Egypt the stone Puch which was to be embodied in the 
Temple, and of which we read in I Chronicles, 2 (ef. 
Carbonarius (4), Isserow (12)). ; 

We also read of this precious stone as being expected 
to be profusely available in the days to come: “Ecce 
sternam in stibio podes tuos’’ (Isaiah, LIV, 11). In the 
Vulgate, as quoted above, Hieronymus rendered the 
Hebraic Puch into the Latin stibio. The American Re- 
vised Version reads, “...I will set thy stones in anti- 
mony.”” Thus the word antimony, which the chemists 
for the last two or three centuries have used specifically 
to designate the metal, has long been used to designate 
also the natural sulfide. The English word antimony, 
or the French antimoine, is derived from the Latin 
antimontum, which is assumedly derived from the 
arabic al ithmid (Schelenz (18)). According to Du- 
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Cange (6), the word was introduced about 1100 by Con- 
stantin, the African, in “Liber de Gradibus” (p. 381); 
it occurs in Platearius’ “‘Circa instans’’..., in Nicolas’ 
“Antidotatium,”’ in Salernus’ “Tabulae,”’ in Vincent de 
Beauvais’ “Speculum Naturale” (Book VIII, p. 49), in 
Majeri’s “Scrutinum” (13) as well as in Aldobrandino’s 
writings. 

Antimony is recorded by Geilmann (9) to be a con- 
stituent of Roman bronzes from the first century on. 
Corrosion-resistant Cu-Sb alloys have been prepared for 
several thousand years, and in our days, patents are 
still granted for such alloys. Berthelot (2c) emphasizes 
that a patent was granted to Dingler in 1891 for alloy- 
ing 6 per cent of Sb into a copper alloy having most of 
the characteristic features of gold. This alloy would be 
difficult to distinguish from gold without density deter- 
mination, or exposure to high temperatures; any such 
alloy may have represented the “gold” of the alchem- 
ists, which Albertus Magnus knew could not stand 
the test of fire. 

As early as the first century, the Pseudo-Demokritos 
had reported that “light-colored” copper may be pre- 
pared from the red copper through the use of stibium, 
and both Indian and Arabic alchemists knew that “the 
basis of yellow copper is red copper.”” The “gold” which 
Rasaratnasmuchaya claimed to obtain from the trans- 
mutation of base metal (Ray (16)) may have been ob- 
tained by any such process as that which Berthelot (2b) 
records from a Syriac manuscript dating from the time 
of the Crusades: “throw in with red copper some anti- 
mony roasted in olive oil and it will become gold-like 
(Shabab).”” Such also may be the “gold” which various 
tales from the Arabian Nights describe as obtained from 
copper. For instance, we are told pf the Persian wor- 
shipper of fire, who “cut a broken copper platter into 
bittocks and cast it into a crucible, and blew upon the 
fire with the bellows until the copper became fluid, when 
the Persian put his hand into his turban and took there- 
from a folded paper, and opening it sprinkled thereout 
into the pot about half a drachm of somewhat like 
yellow kohl or eye-powder. Then he bade Hassan blow 
upon it with the bellows. ..till the contents of the 
crucible became a lump of gold” (Brockman (3)). In his 
translation of the “One Thousand Nights and One 
Night,”” Mardrus (14) (Vol. 10, p. 26) refers to the 
above transmuting substance as [to] a “safran colored 
powder,” which may have been the natural mineral 
Kermes, or red oxysulfide of antimony. Such also may 
have been “the red sulfur. ..the Kimia of the Learned 
and of the Philosophers”’ one particle of which is enough 
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to transmute the basest metal into gold (Mardrus (14), 
Vol. 12, p. 155). 

Kimia, Chimia, or Thimia were various fusing agents 
in use about the eighth century and of which we read 
for instance in Joannes’ ‘Liber sacerdotum: De alkool 
preparando. . . Rubrica. . .Cum aqua alkimie...” Like- 
wise the words kohl or kuhl though applied mostly to 
the natural sulfides of antimony or lead, used as “eye- 
powders,’”’ may designate any finely ground substance 
endowed with valuable properties, and the term alkohol 
eventually became applied to the products of distillation 
of wine. 

The recurring tales about the transmutation of 
copper into gold may indicate the adoption into the 
Arabian Tales of traditions originating from the Egyp- 
tians and the Hebrews, but it may also show the con- 
temporary trend of thought. 

At the time of Harun al Rashid, the Caliph so often 
impersonified in the Arabian Nights, there lived in 
Bagdad the alchemist Jabir ibn Haijan (Geber) who had 
seen in copper mines “‘certain waters which carry. . . thin 
scales of copper,” and had noted that among “these 
thin scales” left on “the dry sand” and “digested by the 
heat of the sun. . .the purest gold isfound.”’ From that 
observation he had concluded that copper may natur- 
ally mature into gold, and was induced into searching 
for the “magistral transmuting powder of projection”’ 
whereby he could at will mature copper into gold (Ven- 
able (21), cf. also Darmstedter (5), Holmyard (11)). 

A few centuries later, about 1120, Artephius reported 


that “Saturnine antimonial quicksilver” bleaches brass 
and renders it “‘gold-like.”’ 

The belief that antimony, as well as lead, is “‘satur- 
nine’’ had long been prevalent among alchemists. 


THE ‘“‘SACRED LEAD” 


Although antimony has been repeatedly identified 
as the metal wherefrom were made many ornaments or 
implements unearthed along with other prehistoric rel- 
ics of man, antimony as a metal had received no 
specific name until a few centuries ago, and the symbol 
for Saturn was applied indifferently to lead and to anti- 
mony (Berthelot (2, 2a), Gmelin (10), and Thomas 
(20)). 

The metals gold, silver, copper, iron, and lead, men- 
tioned in Vedic literature are symbolized in the Arabian 
Tale entitled “The Keys of Destiny”: ‘the gold key 
was the key of misery, the silver key that of suffering, 
the iron one that of glory. ..and the key made of lead 
was the key of wisdom and happiness.”’ Notably, he 
who possessed the key made of lead could acquire the 
power conferred by the use of the Kimia (Mardrus 
(14), Vol. 12, p. 157). 

Dioscorides described as “lead-like’”’ the metal ob- 
tained from the roasting of stibnite, and for many cen- 
turies thereafter no distinction was drawn between lead 
and the other “imperfect metals.’ Fallopia, lecturing 
in Venice in 1569, charged his former teacher Brasavola 
with having confused antimony with lead. To Basilius 
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Valentinus, antimony was the “bastard of lead’’ and as 
late as 1652, René Chartier referred to antimony as 
being the “Sacred Lead of the Wise.”’ 

In 1610 Petri Arlensis de Scudalupis published in 
Paris his “‘Presbyteri Hierosolymitani Sympathia sep- 
tem metallorum, ac septem selectorum Lapidum ad 
planetas,” and although Basilius Valentinus is credited 
with having correlated the development of “stars” on 
the surface of antimony, as it solidified, with the pres- 
ence of iron as an impurity, many alchemists after him 
persisted in seeing in the “‘stellatus” antimony an ex- 
pression of the influence of the constellation exerting its 
specific action at the time of processing. Thus, “‘stella- 
tus antimony” was the “philosophical signet star.’’ As 
late as 1756, Lémery had to argue against the prevalent 
belief that the planet Mars was responsible for the de- 
velopment of ‘‘stars’’ on the surface of antimony. 

At that time the alchemical conecspt of the influence 
of planets or stars on the sublunar world had been 
superseded by the Newtonian theory of gravitation, 
which, concurrently with the philosophical theories de- 
veloped in France by Gassendi and in England by Boyle, 
gradually led to the recognition of the various chemical 
compounds as materializing various combinations be- 
tween a few permanent elements. Thereafter interest 
waned regarding transmutation of inorganic things; 
conversely interest waxed as to transformation of one 
organic substance into another, or even of one living 
being into another. The dawn of the notion of bio- 
chemical cycles, concerning nitrogen, phosphorus, etc., 
marked the awakening of a renewed interest in the 
Chinese and Indian Theory of metempsychosis, before 
it suggested the theory of organic evolution (M. and L. 
Dufrenoy (7), cf. also Bégué (1). 

The stone Puch of the Hebraic Books, the kohl of the 
Arabian Tales, the Sacred Lead of the Wise (stibnite) 
had been stripped of its mythical properties when in 
1615, Jean Béguin demonstrated that natural antimony 
sulfide yields its sulfur to corrosive sublimate (HgCl), 
leaving the antimony able to accept the chlorine set 
free from the mercuric chloride. This evidence of 
double decomposition marks the beginning of chemistry 
as the science of combinations and recombinations; it 
may therefore be concluded that antimony, which had 
played such a paramount ro:e in alchemy, played also a 
prominent role in chemistry, from the earliest develop- 
ment of the science (cf. Taylor (19)). 
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FLAME TESTS IN THE PRESENCE OF SODIUM 


THE blue cobalt glass filter used to make flame tests 
in the presence of sodium is not altogether satisfactory. 
Part of the spectra emitted by elements other than so- 
dium is also absorbed by the filter, which changes the 
characteristic color and also decreases the sensitivity of 
the test. 

A didymium glass filter serves the purpose much 
better than the cobalt glass; it transmits the light un- 
changed in color and practically undiminished in inten- 
sity. The transmission curves show the selective ab- 
sorption of the sodium light 
by the didymium glass com- 
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pared with the wide absorp- 
tion range of the cobalt 
glass. The characteristic 
lines of the flame spectra of 
some common elements are 
plotted on the same scale at 
the lower portion of the 
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A study of the limit of 
sensitivity of various flame 
tests wasmade. The results 
are given in the table. 

Didymium glass filters 
(Didymium No. 512) are 
available from the Corning 
Glass Works, Corning, New 
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DIPOLE MOMENTS AND MOLECULAR 


STRUCTURE 


Measurement of dipole moment is a fairly simple 
process, the apparatus required is relatively simple, and 
operation of the apparatus is well within the capabilities 
of any intelligent high-school student. Although the 
exact interpretation of the meaning of dipole moment 
values is often obscured, relative interpretations, such 
as comparisons between two very similar molecules, are 
often quite simple and useful. In spite of these facts, 
however, there seems to be a considerable reluctance on 
the part of organic chemists to make use of dipole mo- 
ment measurements in determining molecular structure. 
It is the purpose of this paper to provide a simple re- 
view of dipole moment theory, to describe apparatus 
for use in dipole moment measurements, to describe a 
simple procedure for making measurements and calcu- 
lations and, finally, to illustrate the usefulness of the 
measurements by a few of the results obtained in this 
laboratory. Except for these illustrative results, noth- 
ing in this paper will be new. It is hoped, however, 
that an elementary review of the theory and practice 
will help to promote a more widespread use of dipole 
moment measurements. 


THEORY OF DIPOLE MOMENTS (3 ,4, 6, 8) 


An electric dipole is formed by separation of charges 
on a more or less rigid body. For example, in Figure 1 


A (center of + charge) 


Direction of 
Electric Field af 





B (center of - charge) 


Figure 1. Electric Dipole 


the center of plus charge is at A, the center of minus 
charge is at B, and the body is polarized. When this 
body is placed in an electric field, it will tend to rotate 
clockwise as shown in the figure until a line joining 
points A and B is parallel to the field. If we call d the 
distance between A and B, and e the total negative (or 
positive) charge, then the moment (m) is simply: 


m = de (1) 
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General Aniline and Film Corporation, Easton, 
Pennsylvania 


There exists, of course, an individual moment between 
each pair of unlike charges, but if all of these individual 
moments are added vectorially, the resultant will be 
given by equation (1). It should be noted that the 
body shown in Figure 1 is not charged: it has an equal 
number of plus and minus charges. The moment 
arises not from net charge but from a separation of 
charge. Thus if points A and B coincide, 1. e., if there 
is no net separation of charge, the moment is zero. 


distorted electron orbit 


arn, a electron orbit 


nucleus 


Direction of 
Electric Field _ 





pom charge separation 
Figure 2. Atomic Distortion in an Electric Field 


In general, the three most important sources of mo- 
lecular dipole moments are. distortion of the electron 
orbits, unequal sharing of electrons, and resonance. 
Each of these will be considered briefly in the following 
paragraphs. 

When an electric field is applied to an atom, the or- 
bits of its electrons are displaced from their normal posi- 
tions so that the nucleus and electron orbits no longer 
lie in the same plane. The centers of charge are thus 
displaced from coincidence and a moment exists. This 
effect is illustrated by the hydrogen atom in Figure 2. 
The center of charge has been displaced by a small. 
amount, hence a moment equal to the charge times this 
distance now exists. Each atom in a molecule may be 
distorted in thismanner. The moment so formed, how- 
ever, is not permanent. It disappears as soon as the 
field is removed. This effect is sometimes known as op- 
tical polarization and is designated as P, in equations 
(4) and (5) (page 602). Since the moment due to dis- 
tortion is not permanent, it is excluded in calculation of 
the dipole moment (see equation (5)). 

The moment set up in a molecule by unequal sharing 
of electrons can be illustrated schematically with the 
hydrochloric acid molecule shown in Figure 3. Here 
the electron pair which forms the bond between the hy- 
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drogen and _ chlorine 
atomsis held more tightly 
by the chlorine atom. 
This displaces the center 
of negative charge toward 
the chlorine atom while 
the center of positive 
charge remains un- 
changed. A dipole mo- 
ment thus exists in 
the molecule due to 
the separation of the 
centers of charge. By convention this moment is 
considered directed toward the chlorine atom as shown 
in the figure, or in the direction of the displaced elec- 
trons. 

The phenomenon exhibited by the hydrochloric acid 
molecule in Figure 3 will exist to a greater or lesser de- 
gree in the bond between any two unlike atoms. The 
direction and an estimate of the bond moment may in 
general be obtained from examination of the electro- 
negativities given in Table 1. The moment will be di- 
rected toward the more electronegative atom and will be 
greater as the difference in electronegativity of the two 
bonded atoms increases. 


Direction of 
Dipole Moment 


Figure 3. Dipole Formed in HCl by 
Unequal Sharing of Electrons 





TABLE 1 
Electronegativities of Some "“lements (7) 


Element Electronegativity 


Cc 
8 
Br 
Cl 
N 


O 
F 





Electronegativity 





0.8 
0.9 
1.0 
1.2 
1 
2.1 
2.1 
2.4 





In the case of symmetrical molecules, however, the 
resultant moment due to bonding is zero. Consider the 
molecules shown in Figure 4. Although a moment ex- 
ists in each C—H bond, each of these moments is bal- 
anced by the combined moments resulting from the 
other C—H bonds. Since no permanent dipole moment 
exists in these symmetrical molecules, they are called 
nonpolar. When piaced in an electric field they will, of 
course, have a moment, but that moment will be due to 
distortion, not to unequal sharing of electrons. 


Figure 4. Non-Polar Molecules 


In Figure 5 are shown several polar molecules, that is, 
molecules with a permanent dipole moment. In the 
case of these asymmetrical molecules, the bond mo- 


ments are not balanced and hence the resultant moment 
is greater than zero. Magnitudes and directions of the 
major bond moments (4) are given along with the 
measured moment for the molecule as a whole. The 
units are 10—" e. s. u., or debye units. The vectorial 
additivity of these moments is quite evident. The 
agreement between calculated and observed moments is 
less close in the ortho and meta positions than in the 
para position. Probably this is due to interaction be- 
tween the two substituted groups which spreads them 
apart thus causing a lower moment than would other- 
wise be expected. This effect is more noticeable in the 
ortho than in the para position because the substituted 
groups are closer together in the ortho position. 
Vectorial addition of bond moments becomes a con- 
siderably more complex affair in the case of nonplanar 
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Figure 5. Dipole Moments of Some Polar Molecules 
molecules. Vectors must then be resolved in three di- 
mensions. Still further complications are introduced 
by the possibility of rotation about single bonds. In 
all cases, however, the general concept of vectorial addi- 
tion of dipole moment vectors is valid. Values of a 
number of bond moments are given in Table 2 for 
reference. 

Contributions of resonance to the dipole moment arise 
in the manner shown in Figure 6. Five resonance 
structures have been drawn. Structures a and b con- 
tribute nothing to the total moment because they do 
not represent a separation of charge. Structures c, d, 
and e, however, do show a separation of charge and 
hence set up a dipole moment. Now the actual struc- 
ture of chlorobenzene is some combination of these five 
structures with a and b predominating. The dipole 








TABLE 2 
Bond Moments (2) 


Bond 
(+—) 


C—S 
Cc=Ss 
C—F 
C—Cl 
C—Br 
C—I 
N—O 
N=O 





Bond 
(+>) 


H—C 
H—N 
H—P 
H—O 
H—S 
C—N 
C=N 
C—O 
C=0 
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would expect, then, that the resonance structures would 
decrease the net moment of the aromatic halogen com- 
pound. This is in agreement with the observed values 
in Table 3. In the case of the NO, compounds, the 
bond moment of the C—NO, bond is directed from C to 
NO:. But the effective moment set up by the reso- 
nance structures of the aromatic NO, compound is, as 
shown in Figure 6, also directed from C to NO:. Thus 
in this case the vectorial sum of the moments is greater 
in the aromatic than in the aliphatic group, again as 
shown in Table 3. 





moment therefore will be the vector sum, properly 
weighted, of the C—Cl bond and the moments of the po- 
larized resonant structures. 

A quantitative estimate of the effect of resonance 
may be had by an examination of Table 3 (3). If the 
dipole moments of both the aromatic and aliphatic 
compounds shown in the tables were associated only 
with the bond between the carbon and the substituted 
group, then we should expect very close agreement be- 
tween the dipole moments of the aromatic and aliphatic 
compounds. But the two values do not agree. The 
observed moment of the aromatic halogen compound is 
smaller than that of the aliphatic compound and the 
moment of the aromatic NO. compound is larger than 
that of the aliphatic NO, compound. These differences 
are due to resonance. That these differences are in 
general agreement with vectorial addition of the dipole 
moments may be shown in the following manner. The 
direction of the C—Cl bond is known to be from C to Cl 
as shown in Figure 5. The moment caused by reso- 
nance, as shown in Figure 6, is directed from Cl to C or 
in the opposite direction to the bond moment. We 


Figure 6. Resonance Structures of Chlorobenzene and Nitrobenzene 


TABLE 3 
Dipole Moments of Aliphatic and Aromatic Compounds 


C C.Hs 











MEASUREMENT OF DIELECTRIC CONSTANT 


The dipole moment of a material may be determined 
by measuring the dielectric constant of very dilute mix- 
tures of that material in a nonpolar medium such as 
benzene. Since the dielectric constant of a liquid is 
simply the ratio of the electrical capacity of a condenser 
when empty to the capacity of the same condenser when 
filled with the liquid, dipole moments can be calculated 
from measurements of capacity. Apparatus for meas- 
urement of the dielectric constant of liquids consists of 
a cell of some sort, a suitable bridge circuit, an oscilla- 
tor, amplifier, and null detector. 

The cell generally used in this laboratory is shown in 
Figure 7. It consists of an inner cylinder with a wolf- 
ram (tungsten) wire fused through the walls as shown, a 
second cylinder concentric with the first with a second 
wolfram wire sealed in as shown, and an outer cylinder 
with two openings for connecting a thermal control 
bath. A silver plating solution is placed in the small 
space between the inner and center cylinders so that the 
surfaces are given an electrical conducting plating. 
The two platings or electrodes so formed on the sur- 
faces are separated by air when the cell is empty or by 
the solution being measured when the cell is full.’ 
Electrical contact with the two electrodes is made by 
means of the two wires sealed through the cylinder. 
Although this cell is difficult to construct, it is very 
practical in use. Water maintained at a constant tem- 
perature can be pumped continuously through the 
jacket of the cell, hence the cell and its control bath may 
be handled as a unit. Much simpler cells can be con- 
structed without the outer jacket. In that case, how- 
ever, the cell must be immersed in a bath for tempera- 
ture control. 





1 The electrical capacity of this cell when empty is about 100 
micromicro farads. About 15 cc. of the liquid to be measured are 
required for filling the cell. 
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All of the electrical equipment required for measure- 
ment of the electrical capacity of the cell is available 
commercially. It may also, of course, be constructed 
in the laboratory. The bridge must be capable of 
measuring capacities in the range of 10 to 1000 micro- 
micro farads to an accuracy of about +0.1 mmf. In 
this laboratory we use a conventional audio frequency 
oscillator, usually set at 1000 cycles per second, to drive 
a General Radio Co. capacitance bridge. As a null de- 
tector we use a conventional audio amplifier feeding 
into a 500 microampere meter. In operation the bridge 
is balanced with and without the cell connected to it, 
and the difference in the capacity required to balance 
the bridge in the two cases is equal to the capacity of 
the cell. Bridge balance is indicated by a zero reading 
on the meter. With a little practice, one can balance 
the bridge in a few seconds. 

The procedure for making dielectric constant meas- 
urements in this laboratory is as follows. First, the 
cell is cleaned with acetone and dried by a stream of air 
pumped through a drying tube and then into the cell. 
A rubber atomizer bulb is used as the pump. The cell 

‘capacity is measured and then the cell is filled with pure 
benzene and measured again. These measurements 
are made to determine the true capacity of the cell from 
the following equation: 


_ Cs — Ci 


ie ee * (2) 


where Cg is the capacity of the cell filled with the liquid, 
C, is the capacity of the cell when empty, and C, is the 
capacity due to leads connecting the cell tc the bridge. 
eis the dielectric constant of the liquid which, in the 
case of benzene, is 2.268 at 25°C. If the leads are 
short, C, will be small and can often be neglected. If 
C, is appreciable however, and if the dipole moment be- 
ing measured is small, then C, should always be sub- 
tracted from the measured cell capacities before the di- 
electric constant is computed. 

The cell is again dried as before. Dry air is pumped 
through the cell until its measured air capacity is the 
same as the originally measured air capacity. This 
must always be used as the criterion of dryness if pre- 
cise results are to be obtained. Finally, the liquid to 
be measured is placed in the cell and measurements are 
again made. Equation (2) is used to calculate the di- 
electric constant of the liquid. The atomizer bulb 
and air drying tube are connected to the left-hand spout 
in Figure 7 and the liquid to be placed in the cell is 
sucked in through the right-hand spout. When used 
for drying, the tube is connected to the right-hand spout 
and a cap is placed over the left-hand spout. The 
pressure of the air in the cell forces the cap up, but as 
soon as the pressure drops, the cap seals off the spout. 
Thus only dried air passes through the cell. 

Samples containing various proportions of the ma- 
terial whose dipole moment is to be determined are 
made up with benzene or some other nonpolar liquid as 
the solvent. Each of these samples is measured, and 
the dielectric constant is plotted against the proportion 
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Figure 7. Cell for Measurement of Dielectric Constant of Liquids 


by weight of solute in solvent. An example of such a 
plot for nitrobenzene is shown in Figure 8. This plot is 
a straight line as long as very dilute solutions are meas- 
ured, but as the concentration is increased, the points 
will depart from a straight line because of interaction of 
the molecules. 


CALCULATION OF DIPOLE MOMENTS 


The slope S of the plot of dielectric constant versus 
weight proportion of solute in solvent may be calculated 
as the difference in dielectric constant divided by the 
difference in weight proportion between any two points 
on the curve. * The slope of the plot shown in Figure 8 
is thus 14.0. The dipole moment (x) of the solvent may 
be calculated from the following equations. 
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Figure 8. Weight Proportion of Nitrobenzene in Benzene 
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pw = 0.0127 X 10-5 V/(P — P,)T'e. s. u. 
The symbols have the following meaning: 


dipole moment 

molar polarization 

optical polarization 

molecular weight of solvent . 

density of solvent 

density of solute 

dielectric constant of solvent 

index of refraction of solute 

ens temperature at which all measurements are 
made 


Equations (4) and (5) are given by Debye (4) and equa- 
tion (3) was derived in this laboratory to replace the 
graphical method of calculation described by Debye. 

In order to calculate the dipole moment from equa- 
tions (3), (4), and (5), the index of refraction and den- 
sity of the pure solute must be measured at the same 
temperature used for measurement of e (usually 25°C.). 
Density values are, of course, relatively simple to ob- 
tain, but measurements of the index of refraction, par- 
ticularly of solids, are often difficult to make. It is 
possible, however, to eliminate measurement of n by 
calculating Po directly from tables of bond refractivities. 
To within the accuracy usually required in Po, the bond 
refractivities are additive and in most cases are known 
sufficiently accurately. For purposes of reference, 
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bond refractivities are given in Table 4 (6, 9). The P, 
value for nitrobenzene, for example, would be calcu- 
lated in the following manner. In the C,HsNO; mole- 
cule there are five C—H bonds, six C,—C,, bonds, one 
N—C bond, one N—O bond and one N=O bond. 
Therefore Py = 5 X 1.7+6X2.7+1X15+1*x 
1.7+ 1 X 48 = 32.7 cc. 


DIPOLE MOMENTS AND MOLECULAR STRUCTURE 


Information concerning the possibility of Zwitterion 
ion formation in phenylazo-l-naphthylamine was de- 
sired. Dipole moment measurements were therefore 
made on ]-naphthylamine and on 2- and 4-phenylazo-1- 
naphthylamine. The results of the measurements and 
the structures of these three molecules are shown as a, 
b, and c in Figure 9. 

Azobenzene, because of its symmetry, has no dipole 
moment. It is somewhat surprising, therefore, to note 
the comparative values of 1-naphthylamine and 2- and 
4-phenylazo-l-naphthylamine. If no resonance struc- 
tures were possible, one would expect all three com- 
pounds to have the same moment. The small differ- 
ence between naphthylamine and 2-phenylazo-1-naph- 
thylamine can be ascribed to usual resonance phenom- 
ena, but the large moment of the para dye argues 
greatly enhanced resonance effects. Resonance struc- 
tures such as that shown at d in the figure appear quite 
plausible. This enhancement of resonance effects (or 
Zwitterion formation) in the para position has been de- 
scribed for several of the azo dyes by Bergmann and 
Weizmann (1). 

If, as the dipole moment suggests, a larger number of 
resonant forms are probable in the para compounds, 
then the para compounds must exist in a lower energy 
state than do the ortho compounds. Consequently, in 
a reaction in which both forms are made one would ex- 
pect a greater percentage of para than ortho compound. 
We have found this to be the case. 

In another problem, a compound analyzed as CyoHw 
was synthesized in the laboratory and a question arose 
concerning its structure. Was it a ten-membered ring, 





TABLE 4 
Bond Refractivities (9) 





Bond 
C—C 


Refractivity Refractivity 
1.90 ce. 
1.88 
1.87 
1.70 
4.77 
6.67 
9.17 

13.74 
3.42 

12. 
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i. é., @ Symmetrical structure? If it was a symmetrical 
structure, it should have a dipole moment of zero. 
Measurements showed the molecule to have a moment 
of 2.0 + 0.1 debye units. Obviously, the molecule 
could not be symmetrical and could not, therefore, be a 
ten-membered ring. 

We wished to know, in another case, the position of 
the central hydrogen atom in the compound 4-methyl 
diazo amino benzene illustrated in Figure 10a. Because 
of the complexity of this molecule, an interpretation of 
its structure in terms of its dipole moment is difficult to 
make. The two compounds shown in Figure 10b and c 
were therefore synthesized? and the dipole moments of 
all three compounds were measured. The dipole mo- 
ments are shown in the figure. Within the limits of ac- 
curacy, the dipole moments of compounds a and ¢ are 
identical, but the dipole moment of compound 6 is rad- 
ically different. We must conclude from this that the 
position of the central hydrogen atom in compound a is 
the same as the position of the central CH; group in 
compound c. 

These are a few of the cases which have been studied 
in this laboratory. The simpler molecules might have 
been used as illustrations, but these can be found in 
any good study of the problem (3, 4, 6). These more 
complex examples have been cited to indicate that this 
sort of information is useful in the solution of many com- 
plex problems of chemistry. 
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THE COW-GODDESS 
Dr. H. S. van Klooster has pointed out the source of the quotation in the editorial in our 


August issue. 


science in general (not simply chemistry): 
“Kinem ist Sie die hohe, die himmlische Géttin, dem Andern Eine tiichtige Kuh, die ihn 
mit Butter versorgt.” 


as 


HS 


It is evidently a paraphrase from Schiller, who said, in one of his epigrams on 


es 





AN IMPROVED QUALITATIVE TEST FOR THE 
ZINC ION 


Many teachers of inorganic qualitative analysis have 
found that the zinc ion is one of the most frequently 
missed by the students. This has been a puzzling situ- 
ation because there are many good tests for zine, all of 
which work satisfactorily when applied to a solution 
known to contain zinc. Somehow when students run 
their unknowns through the qualitative scheme, they 
get into difficulties. Gilbertson! found that zine was 
reported correctly 79 per cent of the time and incorrectly 
(as being present when it was not) 7.4 per cent of the 
time; whereas silver, another colorless ion, was reported 
correctly 95 per cent of the time and incorrectly only 
0.4 per cent of the time. 

A comparison was made of the zinc tests most fre- 
quently used in textbooks. All authors consulted used 
the formation of the white sulfide as part of the test. 
In most cases a confirmation test was thought neces- 
sary, particularly on the semimicro scale. The authors 
preferring an inorganic reagent usually chose cobalt ox- 
ide (cobalt nitrate or potassium cobalticyanide paper) 
or ammonium mercury thiocyanate. Those prefer- 
ring an organic reagent chose 8-hydroxyquinoline, 
quinaldinic acid, resorcinol, or dithizone. Each test 
was found to have its own advantage and disadvantage. 
The most suitable of these tests from the standpoint of 
sensitivity, striking color change, simplicity and rapid- 
ity of performance, and specificity was found to be 
dithizone dissolved in a water-miscible solvent. 

However, dithizone in solution is not stable. Hell- 
mut Fischer? offered two possible explanations for the 
decrease in the solution’s effectiveness: (a) a decompo- 
sition due to oxidation to a yellow, nonreactive com- 
pound, and (b) a slow shift in the tautomeric keto-enol 
equilibrium toward the enol form, which produces a 
zinc dithizonate that does not give as good detection of 
zinc as does the keto form. It was found that chang- 
ing the pH of the solution, adding various reducing 
agents, or keeping the solution in dark-colored bottles 
had very little effect on the stability of the solution. 
It was difficult to judge how long a solution remained 
effective because the decomposition was usually grad- 
ual and because portions of the same solution put in 
identical bottles did not always decompose at the same 
rate. Most solutions were unfit for a qualitative test 
after a few weeks. 

It seemed that the only way to keep dithizone stable 





1 GuBertson, L. I., J. Cem. Epuc., 13, 483 (1936). 
2 Fiscuer, H., Angew. Chem., 47, 685 (1934); 50, 919 (1937). 


JAMES T. DOBBINS and JOHN H. NORMAN 
University of North Carolina, Chapel Hill, North 
Carolina 


for any length of time was to have it in the dry state. 
How could this be done most conveniently for the stu- 
dents? Why not prepare a test paper like litmus or po- 
tassium cobalticyanide paper? 

Papers were made by dipping various types of filter 
paper into solutions of various concentrations of dithi- 
zone dissolved in carbon tetrachloride, ethanol, and 
acetone. Solutions of various pH were made by adding 
either hydrochloric acid or potassium carbonate to the 
water-miscible solvents. The papers were soaked 
thoroughly and allowed to dry and then cut into one- 
inch squares. It was found that the most satisfactory 
paper was ordinary qualitative filter paper that had 
been soaked in a saturated solution of dithizone in ace- 
tone without any hydrochloric acid or potassium carbo- 
nate. The dithizone deposited on the paper seemed to 
be just as stable as the dithizone in bulk form. It was 
found to be still good after eight months whereas the 
solutions lasted scarcely one month. 

The test consists of dropping one drop of the alkaline 
solution suspected of containing any or all of the ampho- 
teric elements of Group III on a piece of the paper and 
allowing the solution to spread freely. A purple-red 
spot or ring near the outside of the drop is a positive test 
for zinc; an orange spot is negative. When the drop 
hits the paper, the color should be judged within a 
minute or so if sodium peroxide is present, for the orig- 
inal color may change after a few minutes. The posi- 
tive test color may fade and the negative test color may 
turn a slight pink or brown. 

Besides having the advantage of being more stable 
than the solution, the paper was found to be more spe- 
cific. It was found that if any solution containing zinc, 
along with any of the other metallic ions usually found 
in a first qualitative course, is treated with 2 N po- 
tassium hydroxide until strongly alkaline and centri- 
fuged to remove whatever precipitate is formed, then 
the clear centrifugate gives a very clear, definite, and 
unmistakable test for zinc when dropped on a piece of 
dithizone paper. The addition of excess potassium hy- 
droxide precipitated practically all the interfering ions, 
but some remained in the centrifugate due either to 
their amphoteric nature or to the relatively high solu- 
bility of their hydroxides. However, this proved to be 
no trouble at all, for in every case the metals that 
would have interfered, and do interfere in solutions, re- 
mained near the center of the spot as a black or gray 
blot while the zinc traveled all the way to the edge, as 
shown by the distinct purple-red ring. On the outside 
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of this purple-red ring there appeared a faint rim of 
orange, presumably caused by the action of the hydrox- 
ide ion with dithizone. 

When the test is performed in the absence of zinc, 
the student may find some trouble with mercury (both 
I and II), lead, and tin II. Mercury will cause a very 
definite purple color, but it is a purple-blue and not a 

/purple-red. Lead gives a similar color, a lighter shade 
of purple-blue. Tin II (but not tin IV) gives a pink 
color very similar to the rosy-pink formed by a very 
slight amount of zinc. Tin would seldom give trouble, 
for it is usually in the IV state or can easily be oxidized 
to that state. A comparison with known tests will eas- 
ily clear up any doubt as to the colors of mercury or 
lead dithizonate and zinc dithizonate. 

This test paper was found to be sensitive to 0.02 mg. 
of zine perml. A high degree of sensitivity is a very im- 
portant factor in the qualitative scheme, where as much 
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as 90 per cent of the original zinc may be lost by co-pre- 
cipitation and post-precipitation with certain metals of 
Group ITI.’ 

This test paper was given to a class of 152 students, 
and the results were more satisfactory than those ob- 
tained from any previous test tried. Each of the 152 
students had four chances of getting zinc. Zinc was ac- 
tually given 82 times, and every single one of these 82 
was found and reported correctly. Eight students re- 
ported zinc when it was not present. Although these 
figures may have little value statistically it is interest- 
ing to note that the errors were all on one side. It is our 
opinion that possibly a majority of these incorrect re- 
ports was due to an incorrect judgment of color by the 
students. 





3 Kournorr, I. M., anp R. Mourzau, J. Phys. Chem., 40, 779 
(1936). 


THE PREPARATION OF NITROSOBENZENE 


THE usual student preparation of nitrosobenzene follows 
the scheme: 


C.H,NO, 22) NHCl aa, Goon B2CnOn_, oHNO 





without the isolation of the intermediate phenylhydrox- 
ylamine. By following the method given in “Organic 
Syntheses” (Vol. 25, p. 80) and starting with 25 ml. 
nitrobenzene the second-year student of organic chem- 
istry can normally obtain a yield of 60 per cent; with 
5 ml. starting material the yield is increased to about 
65 per cent. There is some thermal breakdown at the 
temperature of steam distillation during the final sepa- 
ration of the product, and when the steam-distillation 
apparatus is not an all-glass one the yield is of course 
lower due to decomposition losses on the stoppers. 
(The sum of these losses has been estimated during the 
present work as about 7 per cent.) Recently a student 
(P. S. R.), who was carrying out the normal laboratory 
preparation, inquired whether the high vapor pressure 
of nitrosobenzene had ever been made the basis of an 
alternative procedure to steam distillation for purifying 
the crude product. None of the accessible laboratory 
texts mentioned any such method although purification 
by short-path distillation or sublimation should require 
a lower temperature than that needed for steam dis- 
tillation. The possibility was investigated as a labora- 
tory assignment, and the results may be of interest to 
other teachers of chemistry who may be faced with a 
similar query. | ‘ 

Using 5 ml. of nitrobenzene, the final procedure fol- 
lowed was identical with that of “Organic Syntheses” 
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finger’ condenser. 
condenser was then kept 
at —10°C. by gravita- 
tional flow of cold brine, 
and the bulb of the apparatus was half immersed 
in a water bath maintained at 65-70°C. Distillation 
was complete in 30 minutes, which is about 15 to 20 
minutes longer than the time required for steam dis- 
tillation of the same quantity of material. 

On the stated scale of operation, the yield obtained 
was about 65 per cent, and the melting point and color 
of the final material were always at least as good as 
those of the steam-distilled product. 





UNINVITED CHEMICAL EXPLOSIONS 


Onny recently was it revealed by the authors (1) that 
many oxygenated metal ammine complexes are explosive 
compounds. Similar substances have been prepared, 
and are being prepared every day by chemists and by 
students of chemistry. Fortunately, there have been 
but few accidents thus far, but disastrous explosions 
have occurred in the course of work in the laboratory, 
pilot plant, factory, and even in the act of product de- 
livery. 

All such accidents are avoidable. Ignorance and 
carelessness are to blame when they do happen. Knowl- 
edge of the types of materials or mixtures which may be 
expected to decompose with explosive violence will help 
to avoid many accidents. Accidents need not occur at 
all if a few simple precautions and safety rules are ob- 
served. 


COMPOUNDS WHICH ARE EXPLOSIVES 


Single Compounds. Why is nitroglycerin an explo- 
sive? It releases on explosion approximately 1600 cal./ 
g. This figure is practically identical with its heat of 
combustion. It contains within itself all the oxygen 
necessary for combustion. Two factors have been em- 
phasized in answer to the question. They are exother- 
mic decomposition and oxygen balance. These proper- 
ties characterize not only nitroglycerin, but most other 
hazardous compounds. 

Many molecules contain within themselves poten- 
tially dangerous energy. This energy is derived mainly 
from the oxidation of carbon and hydrogen to carbon 
monoxide, carbon dioxide, and water, and from the 
formation of molecular nitrogen. The contribution of 
nitrogen formation to the decomposition energy of 
chemicals cannot be stressed too strongly since the 
heat of formation of nitrogen from the atoms is given as 
171.1 kg.-cal./mol. A compound containing an appreci- 
able amount of oxygen, along with.a significant quantity 
of nitrogen, should be suspected immediately. It would 
be foolhardy to ignore the potential danger of any 
compound, or mixture, whose elemental components 
could undergo exothermic recombination with forma- 
tion of very stable products. 

The simplest and most accurate way to evaluate the 
potential hazard of any product to be processed or de- 
livered is to calculate its heat of decomposition to the 
most stable products. This can be done readily by 
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making use of the Pauling bond energies, and the heats 
of formation of the simple decomposition products (2, 
8). Approximate calculations can be made for all or- 
ganic compounds; where data for the heat of forma- 
tion are available such calculations can be carried out 
quite accurately for organic, inorganic, and metal-or- 
ganic materials. 

Lothrop and Handrick (4) have shown that there is a 
definite relationship between heat of decomposition and 
oxygen balance and have indicated a simple method of 
calculating the former. Maximum explosive power is 
attained at about “zero oxygen balance.” The oxygen 
balance concept is an old one, but few references can be 
found to it in the literature. Oxygen balance is defined 
as the per cent excess or deficiency of oxygen required 
to completely oxidize all oxidizable elements in a given 
compound. Values for the oxygen balance of some 
typical explosives are given in Table 1. 





TABLE 1 
Oxygen Balance of Compounds 


Oxygen balance, % 





Compound 





Ammonium nitrate 

Ammonium perchlorate 

Ammonium picrate 

Black powder 

Cyclonite 

Diazodinitrophenol 

Diethyleneglycol dinitrate 

Dinitrotoluene 

Mer fulminate 

Nitrocellulose (14.14% N) 

Nitroisobuty] glycerol trinitrate 

Nitroguanidine 

Nitroglycerin +3.5 
Pentaerythritol tetranitrate —10 
Picric acid —45 
Tetryl —47 
TN —74 





Where organic explosives are concerned it is custom- 
ary in writing the probable decomposition reactions to 
distribute oxygen first to carbon to form carbon monox- 
ide, then to hydrogen to form water, and finally to car- 
bon monoxide to form carbon dioxide. Such hypothet- 
ical, yet logical decomposition reactions for a number of 
compounds are given by the following equations: 


CH;NO: — CO + H:O + !/2H: +1/2N2 
CH;NHOH —CO + 2!/2He + 1/2Ne 
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C,H,OCH,ONO — 3CO + 31/:Hs + 1/2Ne 
NH,NO; — N; + 2H,0 + 1/:0, 
CH;NH;-HNO; - CO + 2H:0 + He + Nz 
C(CH,ONO:) > 3CO, + 2CO + 4H,O + 2N; 


Where other atomic species must also be considered it is 
appropriate to assign oxygen, or any other oxidizing 
constituent, initially to the combination which is most 
stable, that is, to the product whose heat of formation is 
most exothermic, as illustrated by the following equa- 
tions: 


NH,CIO, — 2H:0 + '/2N2 + 1/2Ch + O2 
S$0.(NCH;NO,), > CO + 3H,0 + CO, + 2N: +S 


While sulfur probably is not converted to the trioxide, 
especially where the explosion temperature is high, the 
second case involves so large an excess of oxygen that 
this might best be assumed. 

The oxygen balance concept can be used, a priori, to 
good advantage. Since explosive power reaches a max- 
imum when oxygen balance is near zero, it is those ma- 
terials, containing just sufficient oxygen in the molecules 
to form H,0, COsz, and No, that are capable of releasing 
the largest quantities of energy per gram and will, in 
general, be most destructive. We would therefore urge 
particular care in the study of oxygenated nitrogen 
containing organic compounds and would suggest spe- 
cial caution, yes, even condemn the common practice, 
where picrates and perchlorates of organic bases are pre- 
pared for purposes of identification. 

Multicomponent Systems. The recombination of 
atoms from a relatively weakly bound state to much 
more stable states may also occur where two or more 
components are brought together in proper propor- 
tions—and where the energy of reaction is such that its 
release is effected with great rapidity—especially if 
large volumes of gaseous products are formed. Thus 
an association of oxidant and reductant can be just as 
dangerous as a single explosive compound. In the case 
of mixtures, however, it is the intimacy of contact which 
often determines the hazard associated with such po- 
tentially reactive systems. 

Decrease in particle size, with a corresponding in- 
crease in specific surface, leads (a) to a greater intimacy 
of contact on the part of the components of a mixture, 
(b) greater probability of reaction, and (c) increase in 
reaction velocity. Black powder, consisting of an inti- 
mate mixture of potassium nitrate, sulfur, and charcoal, 
can be changed from the heaving or pushing type of ex- 
plosive, usually referred to as a low explosive, to the en- 
ergetic brisant type by decreasing particle size and in- 
creasing intimacy of contact. Such an increase in re- 
activity and a corresponding aspect of danger, seldom 
realized, can be imparted to many other commonly 
used systems. Thus, for example, mixtures of chlo- 
rates and of chlorites with organic matter, sulfur, and/or 
phosphorus, and of potassium perchlorate with reactive 
powdered metals, such as magnesium and aluminum, 


_ N-, 
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can be particularly hazardous. They are usually sensi- 
tive to impact and to friction and often quite unstable 
chemically. 

Some idea of the exothermicity of oxidant-reductant 
mixtures can be gleaned from the reactions listed below: 





Heat of reaction, 
cal./g. of mixture 
’ 540 
540 

130 


1020 
395 


1280 


Reactions 
+ Mg— 2Ag 
aes +2 Great ot Be 
rO, + S —BaO + Cr.0; + 
NILGIO. +C— CO. (g) + HO (g) + 

1/2N2 + 1/2Cle 
. 2KCIO; + 38— 3S0, » (8) - o ahs ) 
. 6HNO; + 5CH;OH Ole) + 

13H,O(g) + 3Nz 








All other factors remaining constant, those reactions 
producing the greater volumes of gases are the more 
dangerous. On the other hand, it is still necessary to 
consider the reactivity of the systems. Thus while re- 
actions 1, 2, 3 produce little or no gas, and 4, 5, 6 con- 
siderable amounts, it is the chlorate-sulfur mixture 
which is the most difficult to handle safely. 


THE EARMARKS OF HAZARDOUS MATERIALS 


Structural and Physical Peculiarities. Where single 
compounds are concerned it is usually not too difficult 
to associate hazard with structure. One of the unusual 
cases which had apparently escaped popular attention 
for many decades comprises the group of oxygenated 
metal ammine complexes (see Table 2). Many of these 
compounds are prepared in laboratory courses. Some 
are powerful explosives. Too little is as yet known 
about sensitivity characteristics. Suffice it to point out 
that a compound like hexammine chromium (III) ni- 
trate is almost as powerful an explosive as TNT. And 
why? An examination of its probable decomposition 
products makes it apparent that such a compound ap- 
proaches oxygen balance: 


Cr(NHs)e( NOs); <> 9H,O + Cr + 4.5Ne 


Certain groupings when present in a molecule can 
either confer upon it or enhance its explosive properties. 
Lothrop and Handrick: (4) refer to radicals which con- 
fer explosive character directly as plosophors and those 
which enhance explosive power as'auzoplosive group- 
ings. The plosophors may lead either to powerful 
explosives or to mor, sensitive materials and include 
compounds containing the following groupings: 
—ONO,, —NHNO,, =N-NOQ,, —NOQz, —NO, —N= 
—O—O—, —N;. Organic salts of perchloric, 
picric, chloric, nitric, bromic, and iodic acids would 
also be dangerous because of the high oxygen contents 
of the acids. Auxoplosive groups include nitrile, ox- 
ime, and ether linkages. 

Mixtures of Organic Compounds. Some interest has 
been evidenced recently in the use of liquid dinitrogen 
tetroxide as a solvent and nitrating agent for various 
aliphatic and aromatic hydrocarbons. Nowhere does 


there appear a word of caution! We veiw this ignor- 


ance on the part of otherwise capable chemists with 
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alarm and can do no more than to condemn such fool- 
hardy academic research. Need we do more than to 
point out that miztures of liquid N20, and hydrocarbons 
are among the most powerful and sensitive high explo- 
sives. It is stated by Stettbacher (5) that a mixture 
containing 70 per cent N,O, and 30 per cent nitroben- 
zene, despite its low density, undergoes detonation at a 
rate in excess of 8000 m./sec. This happens to be a 
completely oxygen-balanced mixture, and the compo- 
nents are completely miscible! 





TABLE 2 
The Explosive Properties of Some Metal Ammines (1) 


Explo- 
sion 
tempera- Impact Power,* 
ture,* sensitivity,* g. sand 
Metal ammine °C. cm. crus 








Hexammine chromium (IIT) 

nitrate 265 32 
Hexammine cobalt (III) per- 

chlorate 360 18 
Hexammine cobalt (III) iodate 355 100° 
Hexammine cobalt (III) nitrate 295 50 
Nitratopentammine cobalt (IIT) 

nitrate 310 48 
Chloropentammine cobalt (III) 

perchlorate 320 21 30.6 
Thiocyanatopentammine cobalt 

(IIT) perchlorate 325 20.1 
Dichlorodiethylenediamine co- 

balt (III) perchlorate 300 9.9 
Ammonium hexanitrocobaltate 

(IIT) 230 19.0 
Tetrammine copper (II) nitrate 330 17.2 
Mercuric fulminate an 21.0 
Lead azide 335 18.0 
TNT (sym-trinitrotoluene) 470 42.0 


* For details of tests see Picatinny Arsenal Technical Report 
No. 1401, March 18, 1944, and Bureau of Mines Technical Bulle- 
tin No. 346, ‘Physical Testing of Explosives.” 


40.7 
39.2 
14.7 
35.9 


35.5 





In this same connection we would also wish to point 
out the inherent danger in the use of red fuming nitric 
acid for laboratory nitrations! Aniline and fuming ni- 
tric acid constitute the components which are used in 
the operation of some jet assisted take-off (JATO) units 
(6). This same combination constitutes one of the 
liquid ‘‘Sprengel” explosives (7). 

The alkali sensitivity of nitroparaffins is perhaps not 
too well recognized (8). It appears that many sensi- 
tive materials can be formed as intermediates depend- 
ing on the base involved, leading eventually to salts of 
fulminic acid. All of the intermediates as well as the 


end product are more sensitive than the original nitro-° 


methane. 

In connection with peroxides it must be emphasized 
that just because a peroxide is sold commercially is no 
guarantee that it is nonhazardous; many industrial 
peroxides are far from inert (9). Due to the extremely 
dangerous nature of peroxides, in general, they must all 
be regarded as dangerous, unless the contrary is defi- 
nitely known to be the case. Hydrogen peroxide is 
normally considered quite innocuous, perhaps because a 
dilute solution finds common household and industrial 


JOURNAL OF CHEMICAL EDUCATION 


use. Concentrated hydrogen peroxide, on the other 
hand, is exceedingly dangerous. When mixed with or- 
ganic material such as glycerin, explosive mixtures are 
obtained. The ultimate in cleanliness is required to 
prevent dangerous contamination of concentrated hy- 
drogen peroxide. 

The presence of peroxides makes the distillation of 
ether dangerous and this operation should always be 
preceded by washing the ether with a concentrated 
solution of ferrous sulfate or sodium hydrogen sulfite. 
This procedure reduces considerably the concentration 
of peroxides remaining in the still residues. 

Mixtures of Inorganic Materials. Many inorganic 
mixtures, typified by the pyrotechnic type composition, 
contain inorganic oxidants and reductants, the general 
properties of which should be carefully considered be- 
fore they are mixed. While the following list is not all- 
inclusive, it contains some of the more hazardous mix- 
tures. 

(1) Chlorates mixed with red phosphorus, sulfur, 
sulfides, sulfites, charcoal and/or powdered metals are 
sensitive to impact and friction. In fact, spontaneous 
explosions of potassium chlorate both alone and in mix- 
tures have been observed repeatedly. Therefore, the 
more stable potassium perchlorate is to be preferred 
wherever possible. 

(2) Chlorates mixed with acidic substances are un- 
stable and may explode spontaneously. Where such 


mixtures must be used calcium (magnesium) oxide or 
carbonate is added to neutralize any acid which may be 


liberated during storage. 

(3) Peroxides mixed with red phosphorus, sulfur, sul- 
fides, and charcoal are likely to be very sensitive to im- 
pact and friction. 

(4) The addition of red phosphorus, sulfur, sulfides, 
thiocyanates, and other sulfur containing compounds to 
inorganic oxidant-reductant mixtures generally lowers 
the ignition temperature and may increase the sensitiv- 
ity to impact and friction if very strong oxidants such as 
chlorates, perchlorates, and peroxides are employed. 

(5) Ammonium perchlorate, ammonium nitrate, and 
ammonium and inorganic picrates are explosives in 
themselves, and, if used in inorganic mixtures, render 
them more hazardous. 

(6) Silver salts decompose at relatively low tempera- 
tures and therefore would tend to lower the ignition 
temperatures of the mixtures. The same is true of red 
lead, lead dioxide, and lead nitrate. Other heavy- 
metal compounds containing oxidizing radicals may be 
have in a similar fashion. 

(7) Certain pyrophoric metals such as zirconium and 
titanium, when dry, are likely to catch fire during han- 
dling. It is for this reason that they are shipped and 
stored under water or water-alcohol mixtures. Wet- 
mixing is to be preferred for mixtures containing these 
metals. It is interesting to point out, however, that 
wet zirconium powder containing up to 15 per cent wa- 
ter is even more dangerous than the dry powder, since 
upon ignition the dry powder will burn whereas the 
moistened powder will explode. This metal must there- 
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fore be stored with at least 25 per cent water and/or al- 
cohol. 

(8) Permanganates are very powerful oxidizing 
agents. Mixtures containing permanganates and pow- 
dered metals are likely to be very sensitive to impact 
and friction. This sensitivity will be increased if sul- 
fur, sulfides, red phosphorus, or charcoal are also pres- 
ent. 

(9) Mixtures of finely powdered metals, such as alu- 
minum and magnesium, and salts containing oxidizing 
anions such as nitrates, perchlorates, and chlorates, con- 
stitute hazards. One of the most widely used photoflash 
compositions consists of a finely divided, intimate mix- 
ture of barium nitrate and aluminum-magnesium al- 
loy. This composition is not only easily ignitible but 
extremely sensitive to friction and impact. 

We would particularly call the attention of such inor- 
ganic mixtures as represented by the last category to 
teachers of qualitative analysis. Our own examination 
of “unknowns” reveals that powdered aluminum and 
magnesium are often used in such combinations, since 
these metals are commercially available. Mixtures of 
these metals with nitrates, chromates, perchlorates, and 
other common oxidizing radicals represent hazardous 
combinations. Very often students are urged to 
“grind” an unknown so that attack by agents can be 
effected more efficiently! Such compositions are no- 
toriously sensitive to friction. May we urge instructors 
to check such student unknowns and to eliminate any 
mixtures which could possibly be dangerous. 


HOW TO AVOID ACCIDENTS 


Dangerous reactions generally require energy for 


their initiation. This energy may be supplied in the 
form of heat, light, electrical, or mechanical energy, and 
by impact or friction. It is extremely important in 
handling all dangerous or suspect materials to avoid 
application of abnormal amounts of energy from any 
source whatsoever. Where dangerous and unstable 
materials are concerned, the following precautions 
should be observed: 

(1) Avoid the use of open flames. 

(2) Avoid direct application of electrical energy, 
either electrostatic or that due to live circuits. 

(3) Avoid application of energy deriving from the 
impact of two hard surfaces, especially where the con- 
tact surface is very small. The force involved, when 
considered as localized, is very large. Glass-stoppered 
bottles and fritted glass funnels are taboo for dangerous 
materials. 

(4) Conduct any operation involving (a) solvent 
vapors, (b) acid vapors, (c) corrosive liquids, and/or 
(d) gas evolution in a hood with the exhaust fans run- 
ning. This is necessary in order to (a) avoid vapor ac- 
cumulation and possible subsequent explosion, (6) re- 
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duce toxicity effects, and (c) prevent corrosion of lab- 
oratory equipment. 

(5) Take precautions against the possibility of ex- 
plosions in vacuum operations. Flat-bottomed flasks 
should not be used in vacuum distillation systems. De- 
fective equipment should not be used for vacuum work. 
These precautions are particularly necessary if sensitive 
materials are to be distilled, Barricading is, of course, 
essential. 

(6) Bottles of acids, bases, and solvents should not be 
stored adjacent to each other. There should be some 
segregation to decrease the possibility of forming dan- 
gerous mixtures in the case of breakage. 

(7) Unnecessary chemicals should not be allowed to 
accumulate in the laboratory. 

(8) Each laboratory must be kept clean and free 
from explosive dust. Common-sense rules of “good 
housekeeping” should be applied. 

(9) The quantity of explosive material stored in a 
laboratory should be kept at a minimum. 

(10) No “horse-play” can be tolerated. 

(11) Any operation requiring the grinding of reactive 
compounds and mixtures must be conducted using all 
safety precautions. Grinding should be carried out 
only after some indication of the probable sensitivity of 
the material is known. Grinding must be done (a) 
behind a barricade, (b) on paper, or (c) using a wooden 
pestle. The hands of the operator should be gloved. 

(12) Protective equipment must be utilized wherever 
applicable. Barricades, goggles, face masks, asbestos 
gloves, and gas masks should be available. 

(13) Dangers of static electricity should be reduced 
(a) by minimum use of outer woolen clothing, (b) by 
wearing safety shoes, (c) by conductive flooring, and 
(d) by adequate grounding of containers and receptacles 
used to store or transfer ignitible solids or solvents. 

(14) Adequate fire prevention measures augmented 
by drills and inspections must be placed into effect. 
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LABORATORY BRIDGES’ 


Various modifications of the Wheatstone bridge cir- 
cuit have been used for the measurement of the a.-c. 
conductance of electrolytic solutions. Jones? and 
Shedlovsky® independently made careful studies of the 
bridge circuits with the special problems of the physi- 
cal chemist in mind, and most present bridges capable 
of high precision are based on their design.*~* Many 
of these are, however, rather cumbersome and tedious 
to balance. In our work we need a compact portable 
unit which could be balanced rapidly and precisely and 
which would cover a fairly wide range of resistance. 
Interference by near-by electrical apparatus had to be 
minimized. Cost was also a limiting factor. Follow- 
ing these general considerations, we have constructed a 
bridge based essentially on Shedlovsky’s recommenda- 
tions, which differ from those of Jones in so far as shield- 
ing is concerned. However, we have made use of recent 
developments in the design of the associated electronic 
equipment which lead to simplification in the operation 
of the bridge. Our design is suitable for any laboratory 
where a small, easily operated bridge is wanted; a num- 
ber of the additional refinements described were made 
merely for convenience and are not essential. The en- 
tire bridge, exclusive of ratio box, decade resistor, and 
oscilloscope, can be built for less than one hundred dol- 
lars; if desired, the ratio arms can be constructed from 
available parts instead of being bought as a unit. 

The essential details of the complete circuit are shown 
in Figure 1. For Ri, Ru, Cso, and Cs, see equations (1) 
and (2); Rs, and Rs are the R of equation (3); Rs = 
R/2; Cn and Cz are the C of equation (3), Cz3 = 2C. 
The part numbers refer to a list of parts given in Table 
1. As indicated, the central unit of the bridge is a 
Leeds & Northrup No. 1553 Campbell-Shackelton ratio 
box, which contains a pair of matched ratio arms, the 
Wagner ground arms, and a shielded input transformer. 
The unit is compactly mounted and completely shielded, 
and is built into the bridge without alteration. A 





1 Part of Project NR 054-002 of the Office of Naval Research. 
Paper No. 23. 

2 Jones, G., AND R. C. Josepus, J. Am. Chem. Soc., 50, 1049 
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I. A Portable Audio-frequency Con- 
ductance Bridge 


DAVID EDELSON and RAYMOND M. FUOSS 
Yale University, New Haven, Connecticut 


shielded decade resistance box R, two 365 puf variable 
capacitors BC and GC, and a small variable capacitor 
CV (30-50 uuf max.) complete the bridge proper. 





TABLE 1 
Conductance Bridge: Parts List 
V-1, V-2: 1LE3 
V-3: 1LA4 
V-4, V-5: 1T4 
V-6: 3Q4 
T-1 Audio Output Transformer, 25,000 ohm plate to 500 ohm 
line, shielded. (Stancor A3315) 
(Stancor A4205) 


T-2 Audio re ransformer, shielded. 
8-1, 8-2: DPST On switch. 





8-3: SPDT Bridge-ground selector switch. 

8-4: SPDT Ground-reversing switch. 

8-5, S-6, S-7, S-8, S-9, S-¥0: Six-gang frequency selector switch. 
“i f frequencies plus 


Number of positions equals number of desi 
one open. 

All BT 1/2 

0.5 Meg. 


Resistors. 
12 0.1 Meg. 26 
13 Regeneration Control, 27 

20 K variable 

14 0.47 Meg. 
15 0.1 Meg. 
16 Output Control 0.1 
7 eg. pot. 


5 aoe 
18, 19 100K dual pots, ganged 
a same rotation 


0.25 Meg. 
500 ohms 


500 ohms 

Gain Control, 5K pot 

Non-linear element, 4- 
watt, 120-v. pilot bulb, 
in series with 1000 
ohms 


All 400-v. working voltage 
0.003 Mica 
0.1 Paper 
1.0 Oil-filled 
0.001 Mica 
.0 Oil-filled 
0 Oil-filled 
= Paper 


Capacitors. 
Paper 
Paper 
Paper 
Oil-filled 
Paper 1 
Paper & 
Paper 67 0 
Paper 0.01 Paper 

0.25 Paper 
1.0 Oil-filled 


SSRASALSE 
ooosorose 
skeeeceke 


Mica 69 
70 





The bridge is connected for separate terminal balanc- 
ing to ground; that is, the ratio arms and unknown 
arms are alternately balanced against the Wagner 
ground which thus serves as an auxiliary reference set of 
ratioarms. This procedure has the slight disadvantage 
that the unknown arms are not balanced directly against 
the ratio arms; therefore, the ground arms must be 
balanced with at least as great precision as the unknown 
arms. It has, however, the advantage that one side of 
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the detector is always at ground potential, thereby 
making for much simplified coupling between the bridge 
and the detector-amplifier; the need for an isolating 
transformer at this point is thus eliminated. 

All connections in the bridge proper are made with 
shielded cable; the shields are grounded. The switches 
S-3 and S-4 are enclosed in metal cans in order to shield 
them; it is usually not necessary, however, to shield the 
variable capacitors in this manner, provided they are 
mounted behind a metal panel in a shielded cabinet.’ 

A Wien-bridge type oscillator® was chosen for the 
source of alternating current for the bridge. This os- 
cillator gives excellent waveform and is exceptionally 
stable; in addition, it possesses the advantage of having 
no inductive components which might set up stray fields 
and lead to pickup by the bridge. A set of fixed R-C 
ratios was chosen to give the desired frequencies in ac- 
cordance with equations (1) and (2): 


f = 1/(2eVRwRuCwCn) (1) 
RCo -_ RiCs, (2) 


The, frequencies were chosen to give a reasonable 
spread on a 1/Vf scale, since this is the quantity against 
which the data are plotted to eliminate polarization er- 
rors;* the use of fixed frequencies is more convenient 
than a continuously variable oscillator in this respect, 
since in actual practice only a few frequencies are used. 
An external variable oscillator may be used if desired, 
by connecting it directly to the oscillator input termi- 
nals on the ratio box. 


Standard radio parts are used for the tuned R-C cir- 
cuits, although if stability is desired at the higher fre- 
quencies, low temperature coefficient components are 


to be preferred. It is also advisable to have a small 
variable component in each set, e. g., 30 uuf trimmer 
across the capacitors; this will permit more exact tun- 
ing of the oscillator. The resistors in the tuned cir- 
cuits should be of the order of 0.01-0.1 megohm. The 
variable resistor R,3 is a regeneration control, which is 
adjusted for optimum waveform; this adjustment 
need be made only at rare intervals, and therefore it is 
well to mount the resistor where it is not likely to be 
accidentally disturbed, because its setting is rather 
critical. Ry is a nonlinear control element consisting 
of a 4-watt, 120-volt Mazda lamp; some improvement 
in performance may be obtained by connecting a resist- 
ance of about 1000 ohms in series with it, but this is best 
determined with the apparatus in actual operation. 

The oscillator together with its output amplifier is 





7 Most commercially available variable condensers are designed 
to be mounted with the rotor grounded to the chassis. Com- 
pletely insulated condensers (insulated shaft and mounting), if 
obtainable, should be used for BC and CV, since neither side of 
these capacitors is grounded; otherwise it will be necessary to 
— the condensers so that insulated extension shafts may be 
used. : 

8 Terman, F. E., R. R. Buss, W. R. Hewuert, anv F. C. Ca- 
HILL, Proc. 1. R. E., 27, 649 (1939). : 

* Jones, G., anp S: M. Curistran, J. Am. Chem. Soc., 57, 272 
(1935). 


x08 OliVU ESSi sN NOT 
ee a ee eee 


' 
OuTPUT 


Figure 1. Wiring Diagram of Conductance Bridge 


coupled to the bridge through a plate-to-line audio 
transformer. The transformer should be of high qual- 
ity and completely shielded; the leads to the bridge 
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likewise should be shielded. Switch S-4 alternately 
grounds one side and then the other of the oscillator in- 
put; readings are taken with the switch in each position 
and averaged. This operation corrects for unsymmet- 
rical stray capacities to ground through the input 
transformer. If the bridge is carefully constructed, the 
two readings should not differ by more than 0.05 per 
cent. 


Figure 2. Front View of Assembled Conductance Bridge 


The detector is a three-stage resistance-coupled am- 
plifier which uses super-control pentodes in the first 
two stages; miniature 7-pin tubes were used because 
they are less subject to microphonics than other types. 
Gain control is accomplished by varying the grid bias on 
the first two stages. The output stage has a parallel-T 
shunt filter designed to by-pass low- and high-frequency 
noise; the components are chosen such that 


QnfCR = 1 (3) 


These filters are ganged with the oscillator networks so 
that one switch selects both the oscillator and amplifier 


frequencies. The output of the amplifier is fed through 
a blocking condenser to the vertical input of an oscil- 
loscope; a jack may be provided if desired so that high- 
impedance earphones may be used as well. 

The bridge is coupled to the detector through a 
blocking condenser and a frequency-selective network 
which shunts high-frequency noise and harmonics to 
ground. Care should be taken to shield completely all 
leads to the first grid of the detector; the input network 
may be effectively shielded for this purpose by mounting 
it beneath the amplifier chassis. 

An oscilloscope is preferred as a balance instrument; 
it obviously requires no soundproofing, and is more 
sensitive than earphones. The scope may be used 
merely as a voltmeter for this purpose, balance being 
indicated by minimum amplitude of the wave pattern; 
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however, we have found it more convenient to balance 
by the use of Lissajous figures.1° In this method, a 
small portion of the bridge input signal is fed to the 
horizontal plates of the scope through a suitable phase- 
shifting network, while the voltage from the bridge mid- 
points is fed to the vertical plates. When the two sig- 
nals are properly phased, resistance and capacitance 
balance are indicated separately, one by the opening and 
closing of the loop, and the other by the tilt of the loop 
from horizontal. The correct phase shift is best deter- 
mined by trial inasmuch as it is a rather complicated 
function of the bridge impedances and may change 
slightly with widely differing unknowns; it is therefore 
essential to provide a complete range of variability. 
The adiustment is made by first balancing the bridge on 
a “known unknown,” using the scope as a voltmeter. 
The reference signal is then applied to the horizontal 
plates, and either the resistance or capacitance of the 
test “unknown” is thrown off balance; this will gener- 
ally result in a tilted loop appearing on the screen. The 
phase shift is then adjusted to either close the loop or to 
bring it to horizontal, as the operator prefers. 

The phase shift also depends on frequency and read- 
justment is necessary for each frequency; since this is a 
rather tedious operation, we have provided our bridge 
with a separate variable element in the phase shift net- 
work for each frequency. These are preset as described 
above and connected automatically during a measure- 
ment by being ganged on the frequency selector 
switch. A small isolating transformer should be used 
to couple out the reference signal, since one side of the 
scope input is generally grounded. 

The bridge is powered by batteries; in this way, we 
need no power packs and elaborate filters, nor shielding 
devices, to prevent introduction of 60-cycle hum into 
the bridge and coupling between oscillator and ampli- 
fier through the power supply. Separate B and C bat- 
teries are used for the oscillator and amplifier. The po- 
tentials given, especially the screen voltages, may be 
varied slightly for optimum performance by the indi- 
vidual worker; the values listed are merely a guide in 
this respect. A 1.4-volt air cell is used for the filament 
supply because of its extremely long life; a separate 
small battery is used to power the oscillator stage be- 
cause a different cathode potential is necessary. It 
should be noted that the on-off switch is in the grounded 
side of the filament supply; it’also disconnects the am- 
plifier bias battery, which otherwise would slowly dis- 
charge through the gain control. 

The entire bridge, including oscillator, amplifier, and 
batteries, is contained in a standard 17.5- X 19-inch 
cabinet rack, and is therefore completely portable 
(Figure 2). Connections to the unknown are made di- 
rectly from the C and SJ+ terminals on the ratio box, 
through a shielded two-conductor cable. The un- 
known should, of course, be shielded by being placed in 
a metal thermostat or similar apparatus; all shields 
should be connected to the bridge cabinet, which in 





10 Lamson, H. W., Rev. Sci. Inst., 9, 272 (1938). 
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turn should be connected to a suitable external ground, 
such as a water pipe. The amplifier tubes are mounted 
in shielded sockets with metal cans which fit over them; 
this is not necessary for the oscillator tubes, since these 
are of the lock-pin type and are shielded internally. 

Calibration. The resistors FR are calibrated against 
resistance standards on direct current. A source of d. 
c. (2-6 volts, from batteries) is connected to terminals 
A and C, and a galvanometer is connected between D 
and B, thus utilizing the apparatus as a d.-c. bridge. In 
this way lead resistances within the bridge are taken 
into account by the calibration. 

Operation. The bridge is first balanced by measuring 
the unknown arms against the ground arms (switch S-3 
to position D). Resistance balance is made first, then 
capacitance, followed by a finer adjustment of resist- 
ance, etc. The ground is then balanced (S-3 to posi- 
tion B) in a similar manner. Alternate balance of un- 
known and ground is continued until both are in balance 
simultaneously. This procedure is repeated for each 
setting of S-4, and the results averaged. 

Occasionally, it may be found that more capacitance 
is needed in arm AD to balance the bridge; this is in- 
serted by connecting an auxiliary shielded capacitor 
across the decade box. It may also be found that there 
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is insufficient variability in the ground arms to balance 
them. When this occurs, the resistance may be ad- 
justed by connecting a high resistance shunt, of the 
order of a megohm, between either A or C and ground. 

Results. As a test of the precision of the bridge, some 
solutions of potassium chloride in water were measured 
and the results compared with those given by Shed- 
lovsky.!! A set of measurements was made to calibrate 
the cell, and the average cell constant used to recalcu- 
late the data to equivalent conductances. The data 
are given in Table 2. 





TABLE 2 
Conductances of Aqueous Potassium Chloride 


——Equivalent Conductance 
Shedlovsky (This Work) 


147.40 147.31 
145.78 145.76 
143.99 144.00 
140.46 140.48 





C X 10 


7.3412 
20.674 
44.985 

128.01 








The aid of V. F. H. Chu in calibrating the bridge and 
making the conductance measurements is gratefully 
acknowledged. 





11 SHEDLOvSKY, T., J. Am. Chem. Soc., 54, 1411 (1932). 


RUBBER SADDLES FOR PRESSURE STOPCOCKS 


SEVERAL schemes, involving rubber bands, for con- 
verting ordinary stopcocks into pressure stopcocks, or 
for preventing stopcock leakage, have been proposed.' 
Rubber saddles, made and installed as shown in 
the figure, have been found quite satisfactory for use on 
stopcocks subject to liquid heads of several feet and on 
stopcocks of large separatory funnels which are to be 


turned end-over-end for long periods. For these pur- 
poses, stopcocks equipped with such saddles offer the 
following merits: simplicity and economy, firm seating 
of the stopcock plug in the barrel, easy manipulation 
with the saddle installed, and positive action of the 
saddle toward keeping the stopcock closed—in fact, if 
the stopcock is well lubricated, when it is released in the 
open position, it will be closed by the saddle. 

For a stopcock with one lead free, a saddle may be 
made from a large rubber band, or from a section of a 
used bicycle inner tube, by slitting the band and punch- 
ing two holes with a sharp cork borer as shown in Figure 
B. This type saddle is slipped over the free stopcock 
lead and installed as shown in Figure A. 

For a stopcock with neither lead free, a saddle may be 


1 Lanapon, W. M., anp W. W. Suuster, Anal. Chem., 20, 496 
(1948); Lone, J. R., J. Coem. Epuc., 26, 319 (1949). 
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Rubber Saddles for Pressure Stopcocks 


made from a strip of rubber sheeting by slitting each 
end and punching two holes as shown: in Figure D. 
This type saddle is fitted over the stopcock handle and 
tied in place as shown in Figure C. 





THE SOLUBILITIES OF THE SULFIDES OF 
ARSENIC, ANTIMONY, AND TIN IN 
HYDROCHLORIC ACID 


Aruoven the separation of arsenic from antimony 
and tin by treatment of a mixture of their sulfides with 
concentrated hydrochloric acid has long been a stand- 
ard procedure in qualitative analysis? little detailed in- 
formation is available regarding the rate at which these 
sulfides dissolve, the influence of temperature and con- 
centration of acid upon their solubilities, or the extent 
to which the solubility of one sulfide is altered by the 
presence of the others. Because a consideration of the 
above factors is significant in any discussion of the ana- 
lytical chemistry of arsenic, antimony, and tin, the 
studies reported in this paper were carried out. 


SOLUBILITIES OF PURE SULFIDES 


The sulfides were prepared in the fashion in which 
they are formed in the original Noyes and Bray pro- 
cedure,? namely, by first precipitating them from acid 
solutions of reagent quality sodium arsenate, antimony 
trichloride, and stannic chloride, respectively. The 
precipitated sulfides were then washed with hot water 
until free from acid. The washed sulfides were dis- 
solved in a minimum amount of ammonium polysulfide 
and were subsequently reprecipitated from this ammo- 
nium polysulfide solution by treatment with dilute hy- 
drochloric acid. The reprecipitated sulfides were 
washed with water until the washings showed only faint 
traces of sulfide or chloride. The excess water was 
drawn off on the suction filter and the sulfide precipi- 
tate was immediately transferred, without further dry- 
ing, to a Pyrex tube containing hydrochloric acid of the 
desired strength. The tube was sealed and was then 
shaken for twenty-four hours in a thermostat at the 
desired temperature, after which it was broken and the 
contents immediately filtered through a sintered glass 
filter thermostatted at the above temperature. The fil- 
trate was then analyzed for acid and either arsenic, an- 
timony, or tin. 

The concentration of acid was determined by titra- 
tion with standard sodium hydroxide using phenol- 
phthalein as the indicator. The results, expressed as 
normality, represent, therefore, the concentration of 
acid in the solution in equilibrium with the precipitate. 

Arsenic was determined by first treating with zinc to 
reduce the arsenic to the trivalent state, boiling to re- 
move all H,S, filtering off excess zinc, neutralizing with 





1 Present address: Atlas Powder Co., Tamaqua, Pa. 
2 Noyrss, A. A., anp W. C. Bray, J. Am. Chem. Soc., 29, 180 
(1907). 
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sodium bicarbonate, and titrating with standard iodine 
solution. The results are expressed as milligrams of 
As2S; per 100 milliliters of solution. 

Antimony was determined by first boiling to remove 
excess H,S, adding Rochelle salt to keep antimony in 
solution, neutralizing with sodium bicarbonate, and 
titrating potentiometrically with standard iodine solu- 
tion. The results are expressed as milligrams of Sb.S; 
per 100 milliliters of solution. Inasmuch as there is 
very considerable doubt about the existence of Sb.S;* 
the advisability of expressing the results as SbeS; may 
be questioned. However, since there apparently is still 
some question about the composition of antimony sul- 
fide the above formula was chosen. The comparative 
results will, of course, not be altered by the formula se- 
lected. 

Tin was determined by reduction with metallic alu- 
minum, addition of excess iodine, acidification with ex- 
cess HC] and titration of the excess iodine with thiosul- 
fate. The results are expressed as milligrams of Sn, 
per 100 milliliters of solution. 

The results of these determinations are given in Table 
1 and Figure 1. The figure points out the increase in 
solubility with increase in temperature as well as the 
pronounced effect of the concentration of the hydro- 
chloric acid. 


SOLUBILITIES OF SULFIDE MIXTURES 


Following the determinations of the solubilities of the 
individual sulfides studies were made with mixtures of 
each sulfide pair and of all three sulfides. The mixed 
sulfide samples were prepared as follows: Each of the 
three sulfides was first precipitated separately as already 
described. Approximately equivalent amounts of the 
two or three sulfides were mixed in a beaker, dissolved 
in ammonium polysulfide, and precipitated with dilute 
HCl. The resulting mixture of sulfides was treated in 
exactly the same manner as were the individual pure 
sulfides: The saturated solutions obtained after final 
filtration through sintered glass, were analyzed for acid, 
arsenic, antimony, and tin in the manner already de- 
scribed for the individual sulfides. Tin-arsenic and 


, tin-antimony mixtures were analyzed by exactly the 


same methods used when only one was present. The 
arsenic-antimony mixtures were analyzed by potentio- 
metric titration with standard iodine; there is a break 





3 Krrcuuorr, F., Z. anorg. allgem. Chem., 112, 67 (1920). 


614 





NOV 


in tl 
acti 
to di 
The 
lyze 
vidu 
pote 
as ll 
z 
40° 

date 
eack 
grea 
the 

Thi 
bilit 
sepe 
anti 
bing 
bilit 


| = 


Seems SHArKwnweKHoco|] 
ne wt bene aeneahe 


_ 


| FQ“ Aloe 3 


NOVEMBER, 1950 





in the titration curve corresponding to the re- 
action of all of the antimony which enables one 
to determine both components at the same time. 
The arsenic-antimony-tin mixtures were ana- 
lyzed for tin by the method used for the indi- 
vidual sulfide and for arsenic and antimony by 
potentiometric titration with standard iodine 
as in the arsenic-antimony mixtures. 

The data obtained for the ternary system at 
40° are typical and are givenin Table2. These 
data show that the sulfides decrease, mutually, 
each others solubilities, although not to any 
great degree. The least soluble sulfide, suffers 
the greatest per cent decrease in solubility. 
This fact, which is in complete accord with solu- 
bility theory, is significant since it favors the 
separation of arsenic sulfide from the sulfides of 
antimony and tin. Since the data for the 
binary mixtures show the same mutual solu- 
bility effect they are not presented here. 


RATE OF SOLUTION 


Since all qualitative analytical procedures 
specify a quantity of HCl in excess of the 
amount required to dissolve the sulfides of tin 
and antimony, we are not concerned with the 
length of time that it takes hydrochloric acid to 
dissolve the maximum possible amount of these 
sulfides. Rather, we are interested in how long Normality of HCl 
it takes an excess of HCl to dissolve the amount Figure 1. Solubility of the Sulfides of A al Anti mony, and Tin in Hydrochloric 
of each sulfide which one might expect to en- Ce «eon 
counter in an actual analysis. At the same time we are It had already been observed, in the studies with the 
very much interested in knowing what quantity of ar- individual sulfides, that antimony and tin sulfides, 
senic sulfide dissolves in this excess HCl and how fast it when shaken or stirred with an excess of HCl of concen- 
dissolves. tration 6 N or higher, dissolved completely in a few 
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Solubility of Stannic Sulfide and Antimony Sulfide, Mg./100 Ml. 
Solubility of Arsenic Sulfide, Mg./100 MI. 
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Concentration of dissolved arsenic expressed as milligrams of As,Ss per milliliter of solution. 
Concentration of dissolved antimony expressed as milligrams of Sb.S; per milliliter of solution. 
Concentration of dissolved tin exp as milligrams of Sn8; per milliliter of solution. 

100 ml. HCl above 6.00 N dissolved completely 250 mg. of Sb.s.. 

100 ml. HCl above 7.00 N dissolved completely 500 mg. of Sb2Ss. 

100 ml. HCl above 7.00 N dissolved completely 1000 mg. of Sb.Ss. 

100 ml. HCl above 5.00 N dissolved completely 250 mg. of SnS,. 

100 ml. HC] above 6.00 WN dissolved completely 500 mg. of Sn8,. 
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60 120 180 
Time in Minutes 
@ Mg. of Arsenic Pentasulfide Dissolved by 100 MI. of Acid 
Figure 2. The Rate of Solution of Arsenic Pentasulfide in Hydrochloric 


Acid. N = Normality of the Saturated Solution 


seconds, so further investigation of this point was un- 
necessary. The rate of solution of As,S; was measured 
at 26°, 40°, and 60° and in 6 N, 8 N, and 12 N HCl 
(initial concentration). The mixture of freshly pre- 
pared As2S; and excess HCl, thermostatted at the desired 
temperature, was shaken in a glass-stoppered bottle. 
Aliquots were withdrawn at measured time intervals by 
means of a pipette fitted with a glass wool filter plug and 
the concentration of HCl and the arsenic content deter- 
mined as already described. A typical set of data is 
given in Table 3 and the composite results are summar- 
ized in Figure 2. 


DISCUSSION 


An examination of the experimental results leads to 
the conclusion that 6 N HCl is the most desirable sol- 
vent for the separation of arsenic sulfide from the sulfides 
of antimony and tin. Concentrations above 7 N will 
dissolve small amounts of AsS;, particularly at 60°. 
Successful separation can be attained at 26°; warming 
to 40° or 60°C. speeds up the rate. Since the standard 
analytical procedure usually calls for the use of 12 N 
HCl, at about 60°C., and since the results obtained in 
this study show that As.S; dissolves quite rapidly and to 
a significant extent in 11 N HCl at 60° the question 





TABLE 2 
Arsenic Pentasulfide—Antimony Pentasulfide—Stannic 
Sulfide, at 40°C. 


As2S85/100 ml., Sb2Ss/100 ml., 


mg. mg. 





Sn82/100 ml., 
mg. 


HCl, 
normality 
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rises as to whether one should reduce the concentra- 
tion of the HCl. In actual practice the concentration 
of the HCl is reduced by dilution with the water which 
remains with the precipitate. In semimicro technique 
this dilution may be quite high. A random sampling 
among ten students using semimicro technique gave the 
following results: The lowest final normality was 5.3, 
the highest 10.1, the average was 7.4 and the median 
7.1. Add to this incidence of dilution the fact that the 
solubility of As.S; is reduced in the presence of SnSe and 
Sb.S; and it develops that 12 N HCl at 60° is, for the 
average case, the correct reagent to use. 

It is, of course, well known that in the absence of 
SbS; and Sn&, appreciable amounts of As.S; do, in fact, 
dissolve on treatment in the ordinary way with concen- 
trated HCl. However, if H2S is passed into the result- 
ing solution the As,S; will be largely reprecipitated. One 
might well inquire therefore as to why the solubility of 
As.S; in concentrated HCl saturated with H.S was not 
measured. It was felt that the separate solubility 





TABLE 3 
Rate of Solution of Arsenic Sulfide at 26° C. 


As2S8;/100 ml., 





Time, min. 
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measurement of As2S; approximated this condition, the 
determinations having been carried out in a sealed tube 
from which the evolved H2S could not escape. Also, 
since, in the usual analytical procedure the concen- 
trated HCl solution is not subsequently saturated with 
H.S, the measurements as carried out would more 
nearly represent actual laberatory conditions. 


SUMMARY 


The independent solubilities and mixed solubilities of 
the sulfides of arsenic, antimony, and tin in hydrochloric 
acid up to concentrations of 12 N have been determined 
at 26°, 40°, and 60°. Antimony and tin sulfides are 
very soluble in HCl above 5 N while arsenic sulfide is 
slightly soluble above 7 N. The solubilities of these 
sulfides are decreased slightly by the presence of one or 
both of the other sulfides. 

The rate of solution of AsS; at 26°, 40°, and 60°, and 
in several concentrations of HCl has been determined. 





A VERSATILE CRYOPHORUS 


Exxrerments to demonstrate the effect of a dissolved 
solute upon the vapor pressure of a solvent are common. 
Perhaps the most familiar involves the use of two beak- 
ers—one containing concentrated sulfuric acid and the 
other containing water—both under a bell jar. (Some 
demonstrators evacuate the system to speed up the ef- 
fect.) The proposed piece of apparatus is designed to 
improve this type of demonstration. 

The apparatus, shown in the accompanying figure, 
consists of a 250-ml. Erlenmeyer flask A, rounded at the 
bottom, and joined by 15-mm. tubing to a rounded 25- 
ml. Erlenmeyer flask C, and a 10- to 15-ml. side-bulb B. 
The dimensions are not at all critical; pieces of broken 
equipment and scrap tubing at hand may well deter- 
mine the final form. 

The system may be filled as follows: an aqueous solu- 
tion of ammonium chloride! which is not quite saturated 
(approximately 25 ml. of water added to 150 ml. of sat- 
urated solution) is introduced into the system through a 
small sidearm D. After dividing the solution so that 
some is in each bulb, all three portions are heated si- 
multaneously to boiling and the boiling is continued for 
a short time in order to sweep the air from the system. 
Aspiration through the sidearm may be used to aid in 
removing the air. Then, with the portions still barely 
boiling and with steam passing through the sidearm, the 
latter is sealed off with a small blast flame. The heat is 
withdrawn immediately from under the bulbs. 

Upon cooling, we have a system under reduced pres- 
sure containing in the gaseous phase only water vapor. 
It is possible now to manipulate all of the solution into 
the largest bulb A. Then, upon immersing this bulb in 
hot water while cooling C in tap water or ice water, 
water vapor leaves A and condenses in C. In a very 
short time any desired amount may be collected there. 
Now, as the system stands, there will be a gradual re- 
turn of the pure water in C to the solution in A as a 
result of the difference in respective vapor pressures. 
Over a period of a few hours (overnight is convenient) 
the water level in C will be lowered considerably and 
eventually all of the water will end up in the solution in 
A. 

The purpose of using a solution which is not quite 
saturated is to show that the pure water, which evapo- 
rates from C in an effort to re-establish equilibrium, ac- 
tually returns to the solution in A. As pure water is 
condensed in the cool side of the system during the set- 
ting up of the demonstration, the mother solution be- 





1 Ammonium chloride is recommended because of it§ availabil- 
ity, solubility, low molecular weight, and failure to cake upon 
overheating. 


PHILIP S. BAKER 
Bradley University, Peoria, Illinois 
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Diagram of Apparatus 


comes supersaturated with respect to the normal (room) 
conditions; upon cooling, the excess solute precipitates 
out. Now, as the water gradually returns to A, it re- 
dissolves the excess solute. (A little experimentation 
will indicate to the demonstrator just how much water 
to condense in C so that the excess solid will have redis- 
solved in a convenient length of time.) 

One advantage of the design of the apparatus is that 
the resultant migration of water vapor upon standing is 
from the small to the large area. This anticipates ar- 
guments by students who might think that the migra- 
tion should be in the opposite direction. Also, by 
sealing the system entirely, one avoids uncertainties 
concerning leaks in the bell jar, Joss of moisture to 
saturate the air within the jar, etc. 

The apparatus is described as ‘versatile,’ because in 
addition to what already has been discussed, it has 
other uses: (1) It may be used as a cryophorus.? (2) 
It may be used to illustrate saturated and unsaturated 
solutions. (3) It may be used to show schlieren.*, 4 
(4) It may be used as a water-hammer. (5) It may be 
used to demonstrate the fact that during evaporation 
it is the “‘hot’’ molecules which are leaving the liquid. 

(1) Asa Cryophorus. It is apparent that bulb B is 
not essential to the demonstration described above, and 
that a simple inverted U-tube prepared in an analogous 


? Baker, R. A., J. Cuem. Epuc., 25, 259 (1948); 26, 481 
(1949). 

3 Emicu, F., Monatsch., 50, 269 (1928); 53-54, 312 (1929). 

4 ScuHa zy, E., ibid., 58, 399 (1931). 
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manner ‘should suffice. To illustrate the .cryophoric 
principle, all of the solution is manipulated into A 
which is then immersed in hot water as already de- 
scribed. This time, however, the condensate is col- 
lected by cooling B instead of C. When a few milliliters 
of water have been condensed, A is removed from the 
hot water. If the empty bulb C is now immersed in a 
mixture of dry ice and acetone, the water in B will 
freeze within a few seconds. 

(2) To Illustrate Saturated and Unsaturated Solutions. 
Of course, if the cooling in (1) is continued by leaving C 
in the dry ice-acetone mixture, the solution in A will also 
cool by evaporation and in a short time solid ammonium 
chloride will start to precipitate. This effect, along 
with the original demonstration, is a very helpful and 
convincing contribution to the consideration of satu- 
rated and unsaturated solutions. 

(3) To Show Schlieren. Accompanying the cooling 
in (2) is the appearance of schlieren in the solution in A 
as the temperature drops. This effect is also observable 


while A is being heated and C cooled in the original 
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evaporation. The schlieren can be seen with the eye or 
may be projected on a screen with a bright light. 

(4) As a Water-Hammer. To illustrate the water- 
hammer effect, the apparatus need only be shaken. 
As liquid strikes liquid or glass without being cushioned 
by air, there is a noise resembling that of marbles being 
shaken together. If the liquid is properly distributed 
in the bulbs and the apparatus is inverted suddenly, the 
resulting sound simulates the cracking of glass from 
thermal shock. 

(5) To Demonstrate “Hot’’ Molecules. If the entire 
contents are put into A and heated to a temperature of 
70-80°C. (not critical), condensing water vapor in C' by 
holding the bulb under cold water illustrates a very in- 
teresting point. If the bulb is held in the cold water for 
a minute or two—until a small amount of water has 
condensed and the bulb is cool—and then removed, it 
will be found to warm up quite rapidly. Thisis a rather 
convincing piece of evidence that during evaporation it 
is the “hot” molecules which are escaping from the 
evaporating solution. 


A LECTURE DEMONSTRATION OF GAY-LUSSAC'’S LAW 


THE law of combining volumes of gases, known as Gay- 
Lussac’s Law, is regarded as fundamental in the study 
of elementary chemistry. The electrolysis of water is 
usually given as an illustration, but for a lecture dem- 
onstration, it has the disadvantage that the volumes are 
too small to be readily observed. 

The demonstration described here makes use of the 
reaction between nitric oxide and oxygen to form nitro- 
gen dioxide. It offers several advantages: (1) com- 
paratively large volumes may be used, (2) a colored gas 
is formed, and (3) the reaction is rapid. 

The flask containing the nitric oxide is exactly twice 
the capacity of the one containing the oxygen; 1000 
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ml. and 500 ml. are satisfactory sizes. The third flask 
which is filled with water should be somewhat larger 
than the combined capacities of the other two. The 
flasks are filled by the displacement of water, care being 
taken to fill them and the connecting tubes completely. 
To bring the gases together the screw clamps B and C 
are opened and a slight pressure is applied by blowing 
into the mouth-piece, and holding the pressure for a few 
seconds until the reaction is well started. Brown ni- 
trogen dioxide soon forms and begins to react with the 
water left on the walls of the flask. As the nitric oxide 
and oxygen react, the pressure within the flask is re- 
duced because the volume of the nitrogen dioxide is only 
two thirds that of the reactants. The dissolving of the 
nitrogen dioxide in the water reduces the pressure even 
more. The atmospheric pressure very rapidly forces 
water first into the oxygen flask and then into fhe flask 
containing the reacting mixture. When the reaction is 
completed, water will have filled both flasks. Since the 
volumes of the nitric oxide and of the oxygen are known 
to have been 1000 ml. and 500 ml., respectively, the 
ratio between their reacting volumes must be two to one. 

It is essential that the nitric oxide be free from other 
gases such as nitrogen. A satisfactory and convenient 
method of preparing it is the reaction of dilute hydro- 
chloric acid on sodium nitrite. Any nitrogen dioxide 
formed is removed by the water used in collecting the 
nitric oxide. 
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GENERAL CHEMISTRY WORKSHOP 


Division of Chemical Education 


J. A. SHOTTON 
Oklahoma A. and M. College, Stillwater, Oklahoma 


Tue first annual meeting of the Conference (Work- (g) to learn methods of attack that would be of value 
shop) on General Chemistry sponsored by the Division in solving some of the teachers’ problems, (h) to hear 
of Chemical Education of the American Chemical So- special speakers discuss specific phases of general chem- 
ciety was held on the campus of Oklahoma Agricultural istry and to derive inspiration to push the teacher to 
and Mechanical College, June 12-23, 1950. do a better job. 
Credit for the organiza- 
tion of the conference 
should go to the Division of 
Chemical Education’s Com- 
mittee on Teaching of Col- 
lege Chemistry, with Dr. 
O. M. Smith, Director of 
the Research Foundation 
of Oklahoma A. and M. Col- 
lege, as Chairman. 
The Workshop was di- 
rected by Dr. T. Bentley 
Edwards of Chico State 
College, Dr. T. A. Ashford 
of the University of Chicago, 
and Dr. James A. Shotton 
of Oklahoma A. and M. 
College. 
The purpose of the Work- 
shop was to bring together 
experienced teachers of col- 
lege chemistry to analyze, 
formulate, and discuss the 
teaching problems that con- 
front them. It was also to 
provide an opportunity for 
the teacher (a) to further 
develop his philosophy of 
education, (b) to evaluate 
the objectives he has set for 
his course, (c) to learn new 
ideas and methods of teach- 
ing and to evaluate them in 
terms of his own practice, 
(d) to bring himself up to 
date with leaders in the 
field, (e) to learn new dem- 
onstration techniques and 
to become acquainted with 
new visual and auditory 
aids, (f) to become ac- 
quainted with teachers from 
ij all parts of the country, BGembese of the Conference 





Otto M. Smith 


The Workshop opened with an address by Dr. Luke 
Steiner on ‘The Problems of General Chemistry.” 
Among the significant problems mentioned were: 


1. Why is it difficult to obtain agreement on what is 
fundamental? 

2. How many general chemistry courses must we 
teach? 

3. Do students have difficulty with the concepts of 
chemistry because of difficulty with arithme- 
tic, or not being able to derive the correct 
mental picture? 


Following an address by Dr. Steiner on “The Objec- 
tives of the Teachers of General Chemistry,” the prob- 
lems sent in by the participants in a preliminary survey 
were presented to the group and then further problems 
were presented by others who had enrolled for the con- 
ference too late to sit in on the preliminary survey. 

These problems were grouped into areas and the par- 


ticipants chose the areas they wanted to work in. The 


five groups were as follows: 


General content and textbooks—15 members. 
Minimum essentials of course—7 members. 
Methods of teaching—11 members. 

. Laboratory—7 members. 

. Evaluation—9 members. 


The groups at the start of their first meeting elected a 
chairman and a recorder, and from the results of the 
group activities the choices were excellent. 
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The General Content and Textbook group soon found 
in their discussion that they needed to go into the prob- 
lem of objectives for the course in general chemistry and 
tentatively agreed on the following: 


A. General Objectives 
1.. To encourage the student to think critically. 
2. To help the student draw unbiased conclu- 
sions as the result of logical thinking proc- 
esses. 
To arouse curiosity. 
To teach cooperation. 
To teach good study habits. 
To help develop a healthy philosophy of 
life. 


Specific Objectives 

To show the relationship of chemistry to 
other fields. 

To help the student understand the nature 
of matter and its transformations. 

To present factual scientific information, vo- 
cabulary, and skills. 

To give a background in chemistry for cul- 
tural development. 

To teach students to be precise in observa- 
tion and expressions. 

To acquaint students with new findings in 
science and to point out their applications 
to everyday life. 


One main effort of this group was the development of 
criteria for the evaluation of textbooks for general 
chemistry. 

The group working on methods spent much of their 
time discussing ways and means of removing student 
difficulties, the use of visual aids, and improving the 
lecture demonstration. This group was fortunate to 
have in its membership, Dr. Alyea of Princeton Univer- 
sity. 

The members of the evaluation group discussed ways 
and means of evaluating all phases of general chemistry, 
such as laboratory work, quizzes over lecture and recita- 
tion, and the evaluation of instructors. This group had 
Dr. T. A. Ashford of the University of Chicago as a con- 
sultant. 

Members of the laboratory panel studied such sub- 
jects as macro versus micro or semimicro laboratory ap- 
paratus, students working alone versus working in 
pairs, how grades for laboratory work should be de- 
rived, and the correlation of laboratory with lecture and 
recitation. 

The minimum essentials panel produced one of the 
longer written reports of the conference and the results 
of their labor was a rather extensive outline of what they 
considered to be the minimum essentials. Noticeably 
jacking from the list is qualitative analysis as such. 

At one of the general sessions the topic for discussion 
was “‘What Shall We Leave Out of the General Chemis- 
try Course?” No general agreement was reached, but 
the following criteria to aid a teacher in deciding 
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what he should leave out were evolved from the meeting. 


Can the ideas be taught and learned? 

Are we teaching content or methods of chemistry? 
Are they needed to keep the course accredited? 

/ re they needed as professional training? 

Are they of local importance? 

Are they needed for everyday living? 


The fifty-one participants from forty-six colleges or 
universities in twenty-five states and the Territory of 
Puerto Rico represented all sections of the continental 
United States. They were from Oregon to Florida, 
California to New York, and from Minnesota to Texas. 
The enrollment in these schools ranges from two hun- 
dred and fifty to twenty thousand students. Junior 
Colleges, small liberal arts colleges, teachers colleges, 
large state colleges and universities were represented. 

Two field trips were taken during the conference; 
one to a large oil refinery and another to an oil field to 
watch drilling operations. 
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The talks by the speakers to the general meetings 
were interesting and appropriate. Dr. Hale of the 
University of Arkansas pointed out in his address that 
“‘A teacher lights many candles; young people are not 
receptacles to be filled but lamps to be kindled.” Dr. 
Rakestraw, Editor of Ta1s JourRNAL (the publication of 
our Division), brought out the idea that the editorial 
policy of the Journal is to help the teacher solve specific 
problems without the Journal giving ready-made solu- 
tions, and to make it “a living text-book of chemis- 
try.” 

Dean Scroggs of the Oklahoma A. and M. College 
School of Arts and Sciences stressed the idea that 
“Great minds are above systems. Lesser minds are 
often caught in the toils of the system.” He also 
pointed out that much of what we perceive is deter- 
mined by our concepts and that ideas are not derived 
from experience but are acts of genius. 

The Workshop next year will be held June 13-22, 
1951, on the campus of Oklahoma A. and M. College. 


STEAM-HEATED ACID CLEANING BATH 


Two steam-heated cleaning baths, constructed as shown 
in the figure, have been in satisfactory use in this labora- 
tory for two years. A glazed, 3-gallon crock, to contain 
the dichromate-sulfuric acid mixture, is set in a glazed, 5- 
gallon crock asa safety measure. The hazard offered by 
the improbable simultaneous breakage of both crocks 
seems negligible, and, in view of the low cost and ready 
availability of such containers, their use appears justi- 
fied. A similar safety arrangement, involving an inner 
Pyrex jar and an outer enameled pot, has been de- 
scribed by Moos.! 

The five-gallon crock is set in a square lead (0.06 inch 
thick) box with one-inch sides. This assembly is sup- 
ported by a strong wocden box of proper height such 
that the top of the five-gallon crock is level with the top 
of the sink wall. A detachable lead trough laid across 
the top of the five-gallon crock and the top of the sink 
wall prevents the spilling of cleaning solution while 
transferring glassware from the bath to the sink. 

The cleaning solution in the bath is heated and kept 
hot by passing steam through the single-turn coil of 
lead tubing (0.25 inch inside diameter, 0.125 inch wall 
thickness) and exhausting to the sink. This simple 
coil, easily shaped by hand to fit the bath, is designed 
to accomplish satisfactory heating without sacrificing 
excessive available space in the bath. A slow input of 
steam maintains the bath temperature at 70—90°C. 
When not in use, the five-gallon crock is covered with a 
transite lid which is notched to fit around‘ the ver- 





1 Moos, G. E., J. Cuem. Epuc., 23, 465 (1946). 


Cc. K. HANCOCK 
The A. and M. College of Texas, College Station, Texas 
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tical sections of the 
lead tubing. 

After two years of 
intermittent use, the 
portions of lead tub- 
ing exposed to the 
hot cleaning solution 
have undergone no 
appreciable loss by 
chemical erosion. 
Originally, a similar 
coil of Pyrex tubing 
was employed to 
heat the bath, but 
this practice was 
soon discontinued 
because of the hazard 
offered by possible 
fracture of the Pyrex 
tubing while passing 
steam through it. 

Before the lead 
tubing coil was tried, 
erosion tests showed 
a 0.25 per cent loss in weight of a 354 g. lead coupon (0.06 
inch thick) after six days of immersion in hot dichro- 
mate-sulfuric acid cleaning mixture, and an additional 
0.08 per cent loss in weight after six more days of im- 
mersion in the hot mixture. These data indicate that 
after an initial small loss in weight the lead is fairly re- 
sistant to further chemical erosion. 
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THE BUILDING-UP PRINCIPLE AND ATOMIC 
AND IONIC STRUCTURE 


Mooopern valence theory demands that the old octet 
theory be abandoned and that atomic structure be 
taught from the point of view of the electronic configu- 
rations of the various atoms as found from quantum 
mechanics and the study of spectra (3). It is conven- 
ient to write the configurations of the gaseous atoms or 
ions as a starting point and to add various groups to 
construct molecules or ions. This approach will not 
predict the energies of the completed structures in solu- 
tion but it will serve to predict coordination numbers 
and the space structures of complex ions by using Paul- 
ing’s bond-hybridization method (12). This requires 
the introduction of spectroscopic notation for the quan- 
tum energy levels described by the n and | quantum 
numbers. Tables of the configurations of the ground 
states of the neutral atoms are readily available else- 
where (8, 4, 6, 9, 10, 11, 12, 18, 14, 16). The 
labor of memorizing such tables appears so forbid- 
ding that various rules and principles have been sug- 
gested which are easy to remember and which, by sys- 
tematic application, lead directly to the desired con- 
figuration of a particular atom without the necessity of 
reconstructing the whole table (15, 17). 

In an experimental sense, the assignment of the 
quantum numbers to the various electrons in the ground 
state of an atom is made directly from spectroscopic 
data. In a theoretical sense, this assignment is made 
according to two well-known principles: 

(1) The Pauli Exclusion Principle, which states that 
in any particular atom, no two electrons may have the 
same four values for the four quantum numbers, these 
being n, 1, m, and m,, m being the magnetic quantum 
number and m, the spin quantum number. 

(2) The Building-up Principle, which postulates a 
purely imaginary process for systematically ‘‘construct- 
ing” the atoms of the elements, one by one. This proc- 
ess starts with the simplest, lightest atom, that of hy- 
drogen, and provides for the addition of protons to the 
nucleus one at a time (and incidentally one or more 
neutrons). After each addition of a proton an extra- 
nuclear electron is added thus “‘building” an atom of the 
element with atomic number one unit more in each case. 
Thus all the atoms of the periodic table are ‘“con- 
structed.” The principle states that when each elec- 
tron is added, it assumes that position or level which 
minimizes the energy of the atom as a whole. 

The Pauli Principle merely serves to determine the 
maximum possible number of electrons in each sublevel, 
indicated by a particular combination of values of n 
and I. It does not indicate the relative energies of the 
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sublevels. So, in order to apply the Building-up Prin- 
ciple it is necessary to have a rule indicating the order of 
the sublevels in energy. The rules mentioned above 
(15, 17) serve this purpose. 

It is the purpose of this paper to point out an error al- 
most always made, so far as the author is aware, in the 
application of the above principles and rules to the 
“construction” of the atoms of the transition elements. 
In textbook discussions of this subject authors seem 
to concentrate entirely on writing the configurations of 
the ground states of the neutral atoms. But chemists 
are much more concerned with atoms in the combined 
state than they are with free atoms; so valence theory 
demands that one should be able to write the configura- 
tions of the ground states of the ions of the atoms of the 
elements as well as of the neutral atoms. 

The usual discussion goes about as follows: starting 
with one /s electron in hydrogen we add one proton to 
the nucleus (and incidentally two neutrons) and the ex- 
tranuclear electron enters the vacant /s position, filling 
the first shell and making a helium atom. A proton 
and two neutrons are introduced into the nucleus, mak- 
ing a lithium nucleus, and the extra electron enters the 
2s orbital, and so on, in succession, the other 2s and six 
2p positions are filled, arriving at neon. Starting at so- 
dium the extra electron enters the 3s orbital, and so on 
until the six 3p positions are filled at argon. Now at po- 
tassium the extra electron enters the 4s orbital, not the 
3d orbital, which is at a higher energy. At calcium the 
4s orbital is filled. At scandium (Z = 21) a new proc- 
ess starts in which the extra electron enters the 3d orbi- 
tal. Then in succession the other transition elements 
of the fourth period result from the filling in of the 3d 
sublevel ending at copper with ten 3d electrons. 

This discussion is perfectly correct up to the point 
where scandium is mentioned; that is to say, the elec- 
tronic configurations of the unit positively charged ions of 
the atoms of the elements up to and including atomic num- 
ber twenty are identical with the configurations of the neu- 
tral atoms of atomic number one unit less in each case. 

When reading such a discussion for the first time, the 
thoughtful student will ask, why, in the ionization of 
the iron atom to produce a ferrous ion, are the two 4s 
electrons lost from the iron configuration which is com- 
pleted by 3d*4s? if the sixth 3d electron was the last one 
added? This is a good question and is unanswerable in 
terms of the discussion in any textbook which the author 
has examined, (4-7, 9-14, 16), except one (8) where 
the extensive use of spectroscopic language is likely to 
confuse the student who lacks background in spectra. 
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Here Glasstone gives an excellent discussion of this 
subject. A typical example of a clearcut misstatement 
on this topic is that in Richtmeyer and Kennard (14): 
“As far back as scandium (Z = 21) there is theoretical 
evidence for the belief that the electron added last (italics 
ours) goes into the 3d subshell.”’ 

A study of the spectral evidence to be found in Bacher 
and Goudsmit (2) or the compilation recently published 
by the National Bureau of Standards (1) reveals that 
the configuration of the ground state of Sc+ is 3d4s. So 
it becomes apparent that the error lies in the application 
of the Building-up Principle. Here one must note that 
there are two steps involved in the transition from one 
atom to one of atomic number one unit higher. First, 
the charge on the nucleus is increased by one unit, and 
second, the extra electron is added. In the case of 
scandium, then, when a proton (along with four neu- 
trons) is added to the nucleus of a calcium atom one of 
the two 4s electrons drops back into the 3d sublevel. 
Then the extra electron is added to the resulting va- 
cancy in the 4s orbital. The end result is the same, of 
course, and it is for this reason that the error is not ap- 
parent when the discussion is devoted exclusively to the 
ground states of the neutral atoms. 

When a proton is imagined to be added to a scandium 
nucleus, again one of the 4s electrons drops back into a 
3d orbital, and the extra electron is again added to the 
4s orbital to make a neutral titanium atom whose con- 
figuration is 3d?4s*._ A proton added to a titanium nu- 
cleus results in both 4s electrons dropping into 3d orbi- 
tals, giving V+, 3d‘. But when the extra electron is 
added it goes into the 4s orbital and, in addition, one of 
the four 3d electrons now drops back into the remaining 
48 position, giving V, 3d*4s*. In the next case both 4s 
electrons again drop back into the 3d sublevel, and this 
time both stay there when the extra electron is added to 
the 4s orbital, giving Cr, 3d°4s. When the charge on 
the chromium nucleus is increased one unit the config- 
uration remains unchanged and the extra electron goes 
into the 4s orbital, making Mn, 3d*4s?. 

It is thus apparent that in order to avoid the error 
usually made one must focus his attention on what hap- 
pens when the charge on the nucleus is increased and 
before the extra electron is added. 

The above language is used deliberately to emphasize 
the fact that diagrams attempting to show the relative 
positions of the energy levels, such as those in references 
(16) and (17), or representing the: orbitals as circles 
plotted along a vertical energy coordinate (3, 12), are 
misleading oversimplifications. These diagrams always 
show the 3d orbitals as being above the 4s orbital. This 
is true only in the neutral atoms where none of the 3d 
orbitals are occupied in the ground state. As soon as 
an atom is considered in which a 3d orbital is occupied, 
that orbital is below 4s in energy while the unoccupied 
3d orbitals are still above 4s (for two exceptions, see 
below). In any case these levels are very close to- 
gether and the precise configuration is determined by 
the mutual interaction of all of the electrons and the 
nucleus. 
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If it is desired to arrive at the configuration of the 
doubly charged positive ion of a particular element 
from the point of view of the Building-up Principle it is 
necessary to start with the neutral atom of the element 
with atomic number two units less. Then to the nu- 
cleus are added in succession two protons and the ap- 
propriate number of neutrons, observing what happens 
in each step. For example, to arrive at the configura- 
tion of the ferrous ion one must start with the neutral 
chromium atom, Cr, 3d'4s. On the addition of the first 
proton nothing happens to the configuration, giving 
Mn*, 3d°4s. When the second proton is added the 4s 
electron drops back to 3d, giving Fe+*+, 3d*°. Obviously 
this principle may be extended to give the configurations 
of ions of higher charge. 

The author is not aware of a rule which will enable 
one to predict what will happen to the configuration of 
any atom or ion when the charge on the nucleus is in- 
creased by one unit. Substantial irregularities are to 
be noted in various cases. But at least when the sub- 
ject is discussed from this point of view it becomes ap- 
parent that the so-called “outer” electrons really are 
outer electrons in an energetic sense and that it is thus 
logical that these should be lost first when an atom is 
ionized. 

After the above facts are seen and understood it is 
better to abandon the attempt to learn the configura- 
tions of the ions of the elements by the Building-up 
Principle as described above and to observe that in all 
cases, except those of palladium, yttrium, and molybde- 
num, the outer electrons—1. e., those in the highest en- 
ergy positions and so those lost first—are either s or p 
electrons. Then, when an atom is ionized by removing 
electrons, they are removed in the order p, s, d, all the p 
electrons being lost before any s electrons are lost, and 
all the s electrons being lost before any d’s are lost (7. e., 
d’s with n one unit less than for the p and s electrons). 
If an atom has no outer 7p electrons, then the s electrons 
are lost first. This rule admits of nine exceptions. 
Vanadium, cobalt, nickel, lanthanum, and actinium 
each have two s electrons in the outer shell and when 
one of these is lost the second drops back to a d orbital; 
thus, V, 3d°4s? — Vt, 3d‘ + e-, etc., actinium being as- 
signed to this group by analogy with lanthanum. Yt- 
trium and molybdenum are irregular; although they 
each have 6s electrons in the neutral atoms, a d electron 
is lost first on ionization. Thus in these two cases a d 
electron actually was the last one added in the building- 
up process and a d electron is thus really the outer 
electron. ' Niobium is irregular in the ionization of Nbt. 


Nb*, 4d‘ > Nb**, 4d%5s + e- 
The last case, that of bromine, is somewhat surprising. 
Br, 48*4p' — Br*, 48*4p*ds + e- 


It does not appear that the spectral evidence is conclu- 
sive that the ground state of Br*+ is 4s*4p*5s, since the 
energy of the state 4s*4p*—which one would expect to 
be the ground state—is not identified (2). 

None of these ions is particularly important from a 





624 


chemical viewpoint, however, since none of these ele- 
ments in these valence states forms a stable series of 
compounds. 
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AVOGADRO 4 ALL’ 


All equal volumes of gases have 
The same number of molecules. 


"ALL THE SAME” 
BOYLE 4 BAROMETER” 


The volume of any gas varices 
inversely as the pressure. Vi :: Px 


“MORE EQUALS LESS” 
CHARLES — eyed CENTIGRADEZZ5" 


The volume of any gas varies directly 
as the absolute temperature. “;; Te 


“MORE EQUAISMORE’ 
DALTON rd DIFFERENT’ 


The total pressure exerted by a mixture 
of confined gases is equal to the sum of 
the DIFFERENT pressures each would exert 


if separately confined. 
GASES 


Guy Key 
aa "To" 


Gases combine in the 
ratio of small whole numbers. 
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VISUAL AID TO GAS LAWS STUDY 


CALVIN P. MIDGLEY 
Lake Villa, Illinois 


THE accompanying chart is submitted as a possible aid 
to the study of the gas laws for elementary students in 
chemistry and physics. Too often these basic laws are 
considered with awe by the average student and only by 
repetition and continual review is the law and the name 
associated with it fixed in the memory. It seems logical 
that any time saved in the effort to memorize these 
facts could be profitably expended in applying them in 
classroom discussions and experiments. Being a visual 
aid to memory the chart should be of particular value to 
those students finding it difficult to memorize in any 
other way and, if displayed prominently in the classroom, 
would serve all students usefully as a rapid review of the 
laws at a glance. 

The chart should be useful in another way, it seems, 
by suggesting to the student without verbally expres- 
sing it, that the laws are as “simple as ABC.” This 
helps in removing the psychological barrier to their con- 
sideration. 
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WALTER HUCKEL 


T we name Walter Hiickel! is known to organic chem- 
ists everywhere, not only for his many important re- 
searches but also for his outstanding books. He was 
born at Charlottenburg-Berlin on February 18, 1895; 
his father was a physician. The family moved to 
Géttingen in 1899. After completing the Gymnasium 
there, the young man took up the study of chemistry 
at the University of Géttingen in 1913. He served 
in the field during most of World War I; was wounded 
and placed in the reserves. Returning to the labora- 
tory in 1918, the doctorate was attained in 1920; the 
dissertation, prepared under the direction of Adolf 
Windaus,? dealt with hydroaromatic compounds. 
After graduation, Dr. Hiickel stayed on at Géttingen 
as assistant in the general chemistry laboratory. In 
1922 he spent a semester on leave at Munich, where he 
broadened his training in physical chemistry under 
Kasimir Fajans. He habilitated as Privatdozent at 
GOéttingen in 1923. His publications were of such high 
order that he was called as section chief of the organic 
division at the University of Freiburg in 1927. He was 
called to head the chemistry department at Greifswald 
in 1930, and in 1935 he went to Breslau in the same 
capacity at the University and Technische Hochschule. 
By order of the military authorities, Professor 
Hiickel had to leave Breslau in January, 1945, and 
return to Géttingen, where facilities for research were 
available in the Pharmakologisches Institut. After the 
collapse of the German resistance, the University could 
offer him no opportunity for teaching and scientific 
activity. He accordingly (October, 1945) entered the 
employ of the world-famous Sartorius balance manu- 
facturers, whose factory is in Géttingen. After 
two years (1947) he was called as guest professor of 
theoretical organic chemistry at the University of 
Tiibingen, where in 1948 he was appointed to his present 
post: Head of the Pharmazeutisch-chemisches Institut. 
Professor Hiickel’s publications are many and varied. 
He and his students have dealt with the stereoisomer- 
ism of decahydronaphthalene and other ring systems; 
the Walden inversion; molecular structure and reaction 
rates; the course of substitution—addition and cleav- 





1 He should not be confused with the well-known physical 
chemist, Erich Hiickel, whose biography will appear in Tuts 
JOURNAL, 27, 67b (1950). 

2 OrspeR, R. E., Tuts JouRNAL, 17, 453 (1940); HutcKet, W., 
Angew. Chem., A59, 185 (1947). 
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age—and rearrangement reactions, especially in ter- 
pene chemistry; rotation of the plane of polarization; 
dielectric polarization and association; dipole moments. 

His widely read books include: ‘‘Katalyse mit 
Kolloiden Metallen” (1927); ‘‘Theoretische Grundlagen 
der organischen Chemie’ (1931), 6th edition, 1949; 
“Lehrbuch der Chemie” (1936), 4th edition, 1950; 
“Anorganische Strukturchemie” (1948); ‘Fiat Review 
of German Science, Theoretische-organische Chemie’ 
(vols. 34, 35); ‘Theoretische organische Chemie’’ 
(1947); “Studienfiihrer fiir organische Chemie” 
(1947). 








A QUALITATIVE SEPARATION OF CALCIUM 
ION FROM STRONTIUM ION IN GROUP IV’ 


Tur separation of the calcium ion from the strontium 
ion, in the alkaline earth group, by the usual method is 
probably the least satisfactory of all separations in the 
cation scheme of qualitative analysis. The usual 
method? for detection of the strontium ion in the pres- 
ence of the calcium ion, by precipitation as strontium 
sulfate, fails if calcium is present in moderate amounts. 
The procedure of Noyes and Bray‘ affords an accurate 
method for the separation of calcium from strontium 
but is rather complicated for the elementary qualitative 
laboratory. The method described in this paper is a 
fairly straightforward and effective method of separa- 
tion. 

The separation of calcium from strontium has been 
accomplished by using an aqueous solution of sodium 
fluoborate (NaBF,) to precipitate the calcium ion. 
The addition of the sodium fluoborate solution to an 
ammoniacal solution of calcium ions results in a finely 
divided cloudy precipitate which settles in approxi- 
mately 30 minutes. A similar treatment of a solution 
of strontium ions gave no visible reaction on long stand- 
ing. 

The completeness of the precipitation of calcium by 
the sodium fluoborate solution has been determined. 
It was found that after precipitation of calcium as the 
fluoborate the concentration of the calcium ion remain- 
ing in solution was insufficient to precipitate calcium 
oxalate on the addition of ammonium oxalate solution, 
the reagent usually used to precipitate calcium. This 
indicates that the number of calcium ions present are 
too few to exceed the solubility product of calcium oxa- 
late. 

If calcium or strontium ions are present in moderate 
amounts the addition of a common ion such as ammo- 
nium chloride is necessary to prevent the partial precipi- 
tation of the hydroxides of the two ions. 

In the use of sodium fluoborate solution it was deemed 
necessary to prepare fresh solutions every four hours. 
This is due to the fact that aqueous sodium fluoborate 





1 Taken from a thesis presented by Moss Vernon Davis to the 
Graduate Council of the University of Florida in partial fulfill- 
ment of the requirements for the degree of Master of Science. 

2 Present address: Department of Chemistry, Vanderbilt 
University, Nashville 4, Tennessee. 

3’ McAtping, R. K., anv B. A. Sous, ‘Prescott and Johnson’s 
Qualitative Chemical Analysis,” D. Van Nostrand Co., New 
York, 1933, p. 411. 

4 Noygs, A. A., anp W. C. Bray, “System of Qualitative An- 
alysis for the Rare Elements,” The Macmillan Co., New York, 
1927, p. 116. 
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undergoes a slow hydrolysis to form a mixture of hy- 
droxyfluoborates and the fluoride ion.’ Aqueous solu- 
tions of sodium fluoborate on standing for a period of 
eight hours gave a precipitate with an ammoniacal so- 
lution of the strontiumion. This is probably due to suf- 
ficient concentration of the fluoride ion present as a hy- 
drolysis product. In this method it may be that there 
is an adequate concentration of fluoride ions to precip- 
itate the calcium ion and not enough to precipitate 
the strontium ion. On long standing of the sodium 
fluoborate solution, however, there is furnished enough 
fluoride ions by hydrolysis to precipitate strontium fluo- 
ride. The solubilities of the fluorides would seem to 
lend credence to this possibility. The solubilities are: 
CaF», 0.016 g./l. and SrF»2, 0.117 g./1.° 

In the procedure outlined below it was possible to 
separate and subsequently identify 0.5 mg. of calcium 
in 10 ml. in the presence of as much as 50 mg. of stron- 
tium. 


RECOMMENDED PROCEDURE 


The solution containing the strontium and calcium 
ions from the barium separation is neutralized and then 
made approximately 0.5 M with ammonium hydroxide 
(1 ml. 5 M NH,OH per 10 ml. of solution). If large 
amounts of either ion are present, 1 ml. of 2 M ammo- 
nium chloride per 100 mg. of cation present is added to 
the original solution before making it ammoniacal. 
Approximately 3-4 ml. of a freshly prepared solution of 
1 M sodium fluoborate (1.1 g. per 10 ml. of solution) are 
added to 10 ml. of the ammoniacal solution of calcium 
and strontium ions. The solution is heated to boiling 
and allowed to stand for a few minutes to cool. The 
appearance of a finely divided white precipitate indi- 
cates the presence of calcium. The solution is then 
centrifuged, the supernatant liquid is decanted or fil- 
tered, and a flame test conducted on the precipitate as 
a further confirmation of calcium. The filtrate or de- 
canted liquid is treated with 1 ml. of sodium fluoborate 
solution, heated to boiling and allowed to stand for sev- 
eral minutes. A clear solution indicates that calcium 
has been removed. If a precipitate appears the first 
step is repeated until the precipitation of calcium is 
complete. The solution containing the strontium ion 
may be identified in the usual way by precipitation with 
ammonium sulfate. 





5 The Harshaw Chemical Company. Personal communica- 
tion. 
6 KaRAOGLANOW, Z., Z. Anal. Chem., 56, 138 (1917). 
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The Educational Testing Service, 
Princeton, New Jersey, has announced the 
publication of a test, the A.C.S. Coopera- 
tive General Chemistry Test, Form A. 
This test is a joint venture with the Com- 
mittee on Examinations and Tests, Divi- 
sion of Chemical Education, A. C. 8. De- 
tails of these tests are well known to our 
readers. Information, test forms, and 
answer sheets are available from Coopera- 
tive Test Division, ETS, 20 Nassau St., 
Princeton, New Jersey. 


Resistance Boxes 


New resistance boxes have just been an- 
nounced by Leeds & Northrup Co., 4934 
Stenton Ave., Philadelphia 44, Pennsyl- 
vania. They are designed for use as 
moderate-precision, adjustable standards 
for d.-c. and for a.-c. resistance measure- 
ments up to medium frequencies. Prin- 
cipal feature of the boxes is an entirely new 
type of rotary switch having exceptionally 
low and stable contact resistance, obtained 
through the use of solid silver contacts and 
silver alloy multiple-leaf brushes. Zero or 
contact resistance is less than 0.002 ohm 
per decade and changes less than 0.0005 
ohm per decade on accelerated life tests. 
Switches are totally enclosed to keep out 
dust, and are equipped with adjustable 
indexing action. 


Catalogue 


The 1950 catalogue of the Arthur H. 
Thomas Co. (Box 779, Philadelphia) is 
now being distributed. This edition con- 
tains 1472 pages and lists 15,342 apparatus 


items with 5401 illustrations, and 2570 
reagent items in 6289 packages, all se- 
lected primarily for use in laboratories of 
chemistry and biology. A comprehensive 
index of 62 pages is included. The book is 
printed on coated paper, bound in pyroxy- 
lin impregnated buckram and stamped 
with gold leaf. 


Mercury Oxifier 


A motor-driven apparatus for purifying 
contaminated mercury by the oxidation of 
impurities by air is now available from the 
Braun Corporation, 2260 East 15th Street; 
Los Angeles 21, California. 

In operation, up to 25 pounds of con- 
taminated mercury is poured into the glass 
barrel of the oxifier where it is violently 
agitated to produce a thick spray. This 
agitation carries air into the body of the 
mercury and repeatedly breaks up the ox- 
ide skin formations of such contaminating 
metals as lead, tin, zinc, cadmium, and 
bismuth and reduces them to a dry pow- 
dery and noncohesive form. The mercury 
is then poured off into a container to allow 
all oxide particles to rise to the surface. 
After filtering it is ready for use. 


Microscope Stolen? 


The Scientific Apparatus Makers As- 
sociation, located at 20 North Wacker 
Drive, Chicago, Il., maintains a File of 
Stolen Microscopes as a public service 
since the Association was formed in 1918. 
Owners first report a theft to their police 
department and then to SAMA when a 
microscope is stolen. They report the 
make of the instrument, serial number, 
and other identifying numbers or marks, 
time and circumstances of theft, and any 
other information that may be pertinent. 


New Laboratory Balances 


Christian Becker, Division of the Tor- 
sion Balance Co., Clifton, New Jersey, has 
announced a new line of laboratory bal- 
ances. 
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Potentiometer 


A new model P-2 precision electronic 
potentiometer is available from South- 
western Industrial Electronic Co., 2831 
Post Oak Road, Houston 19, Texas, for 
making precise potential measurements on 
high impedance electrochemical cells or 
electronic tubes and circuits. The in- 
strument is suitable for the measurement 
of potentials from zero to three volts in 
three ranges. Current flow in the meas- 
ured circuit is less than 107!! amperes, 
making the instrument fully suitable for 
use with a 0.1 per cent potentiometer and 
dual-range dial, provides an accuracy of 
plus or minus one millivolt plus 0.1 per 
cent. The instrument is well suited for 
precise pH measurements, having a com- 
parative accuracy of 0.05 pH unit. 


Micro-Electrophoresis Apparatus 


The Kern Micro-Electrophoresis ap- 
paratus LK 30 works according to the 
principle that the course of the refractive 
index within the céll is measured by inter- 
ferometry. The interferometer arrange- 
ment adopted allows the rays to pass 
through the cell twice, so that the sensi- 
tivity is doubled. 

The cell is accessible from the outside. 
No adjustment is necessary, the inter- 
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ference pattern being unaffected by the 
exact position of the cell. Both the elec- 
trode and the channel part of the cell are 
welded together so that no recementing 
problems arise. The light source used is a 
sodium lamp. No provision is made for a 
thermostat as no convection occurs in the 
cell, owing to the narrowness of the chan- 
nels. The apparatus is therefore ready for 
use at any time and may be manipulated 
by untrained people. The apparatus is 
available from Kern Co., 5 Beekman St., 
New York City 7. 


Stainless Steel Beakers 


These beakers are strong, durable, 
fabricated from 18-8 stainless steel in 
gage proportioned to capacity and will 
withstand deformation even under hard 
use. They are available from Arthur 8. 
La Pine & Co., 121 West Hubbard St., 
Chicago 10, Illinois. 


National Crystallographic Registry 


As an aid to scientists throughout the 
world, the National Registry of Rare 
Crystallographic Data has been estab- 
lished by Armour Research Foundation of 
Illinois Institute of Technology. This is 
the latest step in the Foundation’s efforts 
in making crystallographic methods more 
generally available to research workers in 
general and analytical chemists in par- 
ticular. 

The Registry is a public service of the 
Foundation, and its information is avail- 
able to all scientists. Dr. Walter C. Mc- 
Crone, supervisor of the analytical section 
of the Foundation’s Chemistry and 
Chemical Engineering department, is in 
charge. 
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Subminiature Photoelectric Unit 


Laboratory development of a tiny, inex- 
pensive photocell which utilizes the photo- 
sensitivity of germanium has been an- 
nounced by the manager of the Physics 
Laboratories of Sylvania Electric Prod- 
ucts, Inc., Bayside, New York. 


Bulletins 


Aluminum Research Laboratories, New 
Kensington, Pennsylvania, has recently 
published a spirial bound book, price $1, 
entitled ‘Chemical Analysis of Alu- 
minum.”’ ; 

Pelican Books have released a new 
pocket book in their series entitled 
“Atomic Energy.” These books are 


available from Allen Lane, Inc., 3300 Clip- 
per Mill Road, Baltimore, 


Maryland. 
Price $0.35. 

Burgess Publishing Co., 426 South 
Sixth St., Minneapolis 15, Minnesota, has 
recently published a paper bound book, 
“One Family Vitamins, Enzymes, Hor- 
mones,”’ by Benjamin Harrow. Price $2. 

The Research and Amino Divisions of 
International Minerals & Chemical Corp., 
Chicago, have issued a booklet, ‘The 
Present Nutritional Status of Glutamic 
Acid,”’ which summarizes all published re- 
search on the medical uses of glutamic 
acid. 

“Fifty Years in Bailey Chemical Lab- 
oratory,”’ by Robert Taft has been pub- 
lished by the Department of Chemistry, 
University of Kansas, on April 28, 1950, as 
part of the Golden Anniversary of the 
Laboratory. 

The American Society for Testing Ma- 
terials, 1916 Race Street, Philadelphia 3, 
Pennsylvania, have recently made avail- 
able a Special Technical Publication No. 
90, entitled ‘“Metal Cleaning Bibliograph- 
ical Abstracts.” Price $2.75. 

Allied Radio Corp., 833 West Jackson 
Blvd., Chicago 7, Ill., announces the pub- 
lication of “A Dictionary of Electronic 





Terms” containing over 2500 terms used 
in television, radio, and industrial elec- 
tronics. 

Nuclear Instrument & Chemical Corp, 
223 West Erie St., Chicago 10, Illinois, has 
released a new 40-page catalogue, describ- 
ing many new instruments as well as the 
older ones in the line. 

A new booklet describing the uses of 
poly-pale resin in protective coatings has 
been published by Hercules Powder Com- 
pany, Wilmington, Delaware. The booklet 
explains that the poly-pale resin is made by 
treating natural rosin to cause a portion of 
the unsaturated rosin acids present to 
unite as polymers. This polymerization 
increases the softening point and viscosity 
of the resin, while unsaturation is lowered 
and oxidation tendencies are decreased. 

The Chemical Division of Koppers Co., 
Inc., Pittsburgh 19, Pennsylvania, has is- 
sued a new comprehensive 40-page tech- 
nical bulletin describing the physical and 
chemical nature, the uses, and chemical 
reactions of Koppers’ resorcinol. 

‘‘Hexylene Glycol’ has just been issued 
by Shell Chemical Corp., 500 Fifth Ave., 
New York City or 100 Bush St., San 
Francisco, California, obtainable on letter- 
head request. 

Foote Mineral Company, 18 West 
Chelten Ave., Philadelphia 44, Pennsy]- 
vania, has released a new bulletin, ‘Lith- 
ium in Modern Industry.” 

“Bibliography on Silicon Carbide,” has 
been compiled by The Technical Division 
of The Carborundum Co., Niagara Falls, 
New York. 


Polarograph 


A new instrument, the Model III Po- 
larograph has been announced by E. H. 
Sargent and Co., 4647 West Foster Ave., 
Chicago 30, Illinois, who will supply a 
manual giving complete information con- 
cerning this Polarograph. 
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MISREPRESENTATION AND FALSE CLAIMS' 


Apvertisine may be traced back to prehistoric 
times. The pictures of now-extinct animals, pierced 
with spears, still visible in a Cantabrian cave, adver- 
tised the artist’s skill as a huntsman. It has been said 
that the caravan which the Queen of Sheba led to Israel 
was really a campaign put on by the Ethiopian Chamber 
of Commerce to advertise the precious metals and 
spices of her native land. Effective advertising needs 
a medium of dissemination. This had to await the in- 
vention of the printing press and the newspaper, which 
gave the purveyor of foods and drugs a method of ac- 
quainting the public with the merits of his wares. A 
note in the “Tatler,” in the year 1710 says, “If a man 
has Pains in his Head, Cholic in his Bowels or Spots in 
his Cloathes, he may here meet with proper Cures and 
Remedies.” 

Webster defines ‘‘advertising” as ‘‘any form of public 
announcement intended to aid, directly or indirectly, in 
the sale of a commodity.” This definition includes, in 
addition to the usual newspaper, magazine, radio, or 
television announcements, such things as labels, cir- 
culars either enclosed within the package or handed out 
with it, and booklets sent through the mail or otherwise 
distributed with the purpose of encouraging the sale of 
a product. In 1937-38, while Congress had under con- 
sideration new legislation to replace the obsolescent 
Food and Drugs Act of 1906, there was much con- 
troversy over vesting of jurisdiction over advertising, 
whether in the Federal Trade Commission or in the 
Food and Drug Administration. Congress finally 
passed the Wheeler-Lea Act, which provided that dis- 
semination of false advertising -with respect to foods, 
drugs, or cosmetics constituted an unfair or deceptive 
act under the basic Federal Trade Commission Act. 
But jurisdiction over “labeling” was given to the Food 
and Drug Administration under the Food, Drug, and 
Cosmetic Act of 1938. That act defined “labeling” as 
“all labels and other written, printed, or graphic matter 
(1) upon any article or any of its containers or wrappers 





1 Paper given at the Pacific Southwest Association of Chemistry 
Teachers’ session in the joint meeting with the Southern Cali- 
fornia Sections of the American Chemical Society at Pomona 
College, Claremont, April 29, 1950. 


F. LESLIE HART 
Los Angeles District, Food and Drug Administration 


or (2) accompanying such articles.” It will be seen that 
circulars and other material accompanying a package of 
a food, drug, or cosmetic come within the purview of the 
Food and Drug Administration. It is the purpose of 
this paper to consider this latter type of advertising and 
the efforts of the Administration to protect all con- 
sumers against deception through its false use.? 

Methods of distribution of promotional literature 
used by manufacturers of proprietary medicines change 
as the scope of the law changes through judicial inter- 
pretations. The original 1906 Act classified articles as 
misbranded if false or misleading statements occurred 
on the package or label. In 1911 a court held that ‘an 
advertising circular inclosed with an article inside the 
carton in which it is offered for sale does not induce the 
sale or deceive the intending purchaser, and is not within 
the purview of the Act.” An attempt to correct this 
narrow construction was made in 1912 through the 
passage by Congress of the Sherley Amendment to the 
Act. This used the phraseology, “if its package or 
label shall bear or contain any statement. ..which is 
false and fraudulent.’”’ Under this clause the Supreme 
Court ruled that false and fraudulent statements on a 
circular within a package now constituted misbranding, 
but a patent medicine manufacturer needed only to 
ship his medicine and circular separately to avoid the 
law. The present Act expanded still further the con- 
cept of misbranding. That law declares a food, drug, or 
cosmetic misbranded “‘if its labeling is false or mislead- 
ing in any particular.” 

Since that time there has been a continuous legal 
battle to define the term “accompanying.” One phase 
of this battle was fought in the Federal District Court 
of Southern California. Here a promoter of a crude 
petroleum oil first sold the oil as a labeled treatment for 
a long list of ailments; then he transferred the curative 
claims to a circular packed inside the cartons used to 
ship the medicine to the druggist. Later he shipped the 
circulars and the medicine separately. His latest stunt 
was to supply matrices of advertisements to newspapers 





2 The scientific methods used by the Food and Drug Adminis- 
tration to test the claims for patent medicines are shown in the 
recent, interesting film, ‘Fraud Fighters.” 
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directing them to print additional copies of the ad- 
vertisement and deliver them to druggists for circula- 
tion to their customers. Each change of distribution 
was the result of some legal action instituted by the 
Food and Drug Administration. This manufacturer 
was fined $1500 in 1942, suffered over 125 seizures of his 
oil from 1944 to 1946, was enjoined in 1947 and again in 
1949 to stop shipping misbranded drugs, and in between 
these years he was fined $9000. He also was sentenced 
to two years in jail, this sentence being suspended dur- 
ing a probation period. 

Courts now hold that physical accompaniment of 
advertising circulars with the product is not essential. 
In one case which went to the Supreme Court, the mis- 
leading statements of which the Government com- 
plained had been distributed apart from the drugs. 
Some circulars had been given away with the sale of the 
drug, some had been displayed in stores for free pickup, 
some had reached customers by mail, and some had 
been sold independently. The Supreme Court said this 
all constituted ‘accompaniment ”’ and therefore labeling 
amenable to the Act. To quote a pertinent part of 
Justice Douglas’ decision: ‘‘The drugs and the litera- 
ture had a common origin and a common destination. 
The literature was used in the sale of these drugs. It 
explained their uses. Nowhere else was the purchaser 
advised how to use them. It constituted an essential 
supplement to the label attached to the package.... 
It would take an extremely narrow reading of the Act 
to hold that these drugs were not misbranded.... It 
would indeed create an obviously wide loophole to hold 
that these drugs would be misbranded if the literature 
had been shipped in the same container, but not mis- 
branded if the literature left in the same or the preced- 
ing mail. The high purpose of the Act, to protect cus- 
tomers who under present conditions are largely unable 
to protect themselves in this field, would then be easily 
defeated.... One article or thing is accompanied by 
another when it supplements it or explains it.... No 
physical attachment one to the other is necessary. It is 
the textual relationship that is significant.” 

Last year’s Annual Report from the Food and Drug 
Administration said that 150,000,000 people in this 
country use foods, drugs, or cosmetics prepared by 
others. These products were made, shipped, or stored 
by more than 77,000 firms doing interstate business. 
The Administration’s responsibility is to enforce the 
rules laid down by Congress to ensure these commodi- 
ties are safe, pure, and truthfully labeled. For this job 
the Administration was allotted 3'/; cents per consumer 
for the year 1949. 

Early laws against misrepresentation followed the 
Gilbert and Sullivan theory of making the punishment 
fit the crime. In one of the early Teutonic states a 


wine-maker who had adulterated his wine was sen- 
tenced to drink 6 quarts of his wine. From this he died. 
Early English bakers, like present-day ones, sold short- 
weight bread. Those caught were sentenced to sit in the 
pillory with bread dough draped around their necks. 
Present-day laws are more humane. The Food, Drug, 
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and Cosmetic Act punishes violators with fine or im- 
prisonment, or both, at the discretion of the Court. 
First offenders are subject to a fine of $1000, imprison- 
ment for one year, or both, for each count. Subsequent 
offences may be subject on each count to $10,000 fine or 
three-year imprisonment, or both. The law also pro- 


vides for injunction proceedings. This procedure has 
been found quite useful in many cases. 

‘Civil action against the misbranded goods through 
seizure proceedings may also be taken through libels 
filed in Federal Courts. This method of action, which is 
entirely independent of criminal action, quickly re- 
moves the misbranded goods from the market. 

The most flagrant examples of misrepresentation are 
found in the fields of the so-called patent medicines and 
in medical devices. It is a sad commentary on the 
greed of purveyors of these nostrums and gadgets, and 
on the credulity of people suffering from diseases, that 
organized campaigns for funds to combat such diseases 
as cancer, heart disease, or tuberculosis, or publicity on 
epidemics of influenza and polio also bring forth ad- 
vertisements of nostrums for the home treatment of 
these diseases. You will not usually find such rank 
frauds on the shelves of your local drug store. They 
are advertised through the smaller radio stations and 
in the pulp magazines. The 1949 Annual Report men- 
tioned previously observed that “such opportunistic 
attempts to capitalize on human misery have received 
little sympathy from the courts.” That year, in just 
one of the Administration’s sixteen field districts, cases 
were brought against three cancer remedies. One was 
stopped by injunction; two were prosecuted, found 
guilty, and ordered by the Court to discontinue inter- 
state business. 

A description of some of these devices may be of in- 
terest. Here are some of the contraptions that have 
come under the scrutiny of the courts in recent years, 
and have been condemned. 

A vapor-bath system, consisting of certain drugs and 
plumbing connections between a generator and bath 
cabinets, which could be purchased for $2,200, was rep- 
resented as effective for diabetes, abscgss of the lungs, 
decay of the jawbones, and blood poisoning, among a 
long list of other ailments. 

An apparatus for administering electric shock, sell- 
ing for $1,200, was represented as a cure for abscess of 
the liver, internal growths, heart disease, paralysis, 
cancer, tuberculosis, infantile paralysis, and other dis- 
ease conditions. 

A device for administering an enema, priced at 
$1,190, was offered for the treatment of arthritis, rheu- 
matism, neuritis, high and low blood pressure, toxic 
heart conditions, ulcers of the stomach and bowels, 
colitis, chronic appendicitis, gall bladder and liver 
troubles, kidney and bladder troubles, asthma, mi- 
graine, toxic skin troubles, lumbago, and for good 
measure, ‘‘a host of ills that have heretofore been ob- 
scure.”” 

Another device called Spectro-Chrome was a 1000- 
watt lamp in a cabinet supplied with different-colored 
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glasses to fit an aperture through which the light bathes 
the patient. With head pointing toward the north, the 
patient received “‘tonations” at favorable times of the 
day, with a “Favorscope” supplied to correct for 
“solar, lunar, terrestrial radiant and gravitational in- 
fluences” based on “vibrant breath phenomena.” By 
using appropriate glasses to color the light as required 
for the particular disease to be treated, the device was 
claimed to be effective for diabetes, cancer, tuberculosis, 
syphilis, and a long list of other ailments. Said Dinshah 
P. Ghadiali, who manufactured the apparatus and who 
scorned the use of drugs, “‘Give me a case of appendici- 
tis, and I will send the man back in one night, having 
his appendix inside of him instead of in a glass bottle.” 

This lamp, more marvellous than Aladdin’s, was not 
for sale. To get it, one had to join an “institution” at a 
fee of $90. The lamp was then furnished free. The 
Administration found that at least 5000 had been dis- 
tributed, and Ghadiali himself claimed the figure was 
9000. With them, for a price, was distributed so-called 
“encyclopedias” and other “literature” which gave 
voluminous information about the use of the lamp and 
sought to cloak the scheme in oriental mysticism and 
sanctity. 

The first action against the lamp deception was 
seizure and injunctions against further distribution. 
Ghadiali nevertheless, continued to distribute the 
lamps; then criminal prosecution was filed. During the 
trial, which lasted 42 days, the Government presented 
an array of relatives and physicians of victims who had 
used the device and had died from the diseases it was 
represented to cure. The jury brought in a verdict of 
guilty and the court imposed against Ghadiali and his 
corporation a fine of $20,000, and a three-year prison 
sentence against Ghadiali, but imprisonment was sus- 
pended on the condition that the business be stopped. 

The Atomic Age has also brought a host of promoters 
in its wake, offering weird devices, or fentastic nos- 
trums based on atomic disintegration, for the cure or 
prevention of even the most serious diseases. Many 
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of these are dangerous; all are worthless. The pub- 
licity on atomic energy in our magazines, newspapers, 
and radio adds an aura of science to these worthless 
products. Many have had their day in court and have 
been found wanting. One was called the U-235 Drinking 
Water, a product consisting of brown-colored lumps 
of very low-grade carnotite ore which the user was 
directed to drop into his drinking water. It was of- 
fered as a cure for polio, prostate trouble, gout, cancer, 
and 41 other diseases. This same faker offered an 
“atomic ray” salve that would build tissues, relax 
nerves, clear up skin infections, and correct chronic ap- 
pendicitis, and also sold a “radioactive” bath powder 
for treatment of diabetes, neuritis, and low vitality. 
Another entrepreneur offered an “atomic film” salve 
to relieve corns, ease stomach distress, and promote 
healing of gums after tooth extraction. 

The ‘Master Cell” was offered for sale in New 
England by an ex-pharmacist, now a farmer. This was 
a little, perforated, concrete “patty-cake” that em- 
bodied a mysterious cell said to be “‘a breeding place for 
new life.” The inventor claimed the use of it would im- 
prove the human race and induce reluctant hens to lay 
more eggs. 

These frauds would seem to make healing claims so 
far beyond the bounds of human credulity that no sales 
could be made. Unfortunately such is not the case. 
Men afflicted with cancer, diabetes, and other now-in- 
curable diseases, like drowning men, grasp at straws. 
To paraphrase Saint Paul’s description of the Athenians 
who “spend their time in nothing else but either to tell, 
or to hear, some new thing”’ these sufferers, when told 
their case is hopeless, feeling they have nothing to lose, 
try out any remedy or device they may see advertised 
for their affliction. A federal judge had just these 
people in mind when he said, “The purpose of this 
statute is te protect the public, the vast multitude 
which includes the ignorant, the unthinking, and the 
credulous, who, when making a purchase, do not stop to 
analyze.” 





In the announcement of proposed reviews of audio-visual aids, on page 488 of our September 
issue, the address of Dr. R. T. Sanderson was incorrectly given. It should have been: Depart- 
ment of Chemistry, University of Iowa, Iowa City, Iowa. 


fe 


Pf 





CURRENT STATUS OF RADIOISOTOPE 
UTILIZATION’ 


F'our years ago this month the first shipment of 
radioactive isotopes produced in a nuclear reactor 
left the Oak Ridge National Laboratory to be used in a 
cancer research investigation at the Barnard Free 
Skin and Cancer Hospital in St. Louis, Missouri. 
Since that time over 12,000 more shipments have gone 
to approximately 750 departments of some 430 in- 
stitutions for hundreds of investigations in the fields 
of medicine, agriculture, industry, and the basic 
sciences. In addition, over 830 shipments have gone 
to about 160 institutions in 27 foreign countries for 
similar studies. 

Does this represent a large program—a real con- 
tribution of the peacetime development of atomic 
energy? In one sense it does. 

Prior to World War II and the advent of the nuclear 
reactor, the only source of man-made radioactivity 
was particle accelerators such as the cyclotron. Al- 
though the cyclotron remains, even today, a much more 
versatile radioisotope production unit, its capacity is 
small and its operation time-consuming. For this 
reason the use of radiomaterials produced at that time 
was primarily limited to those institutions having cyclo- 
tron facilities, or to about 75 laboratories. This means, 
then, that the availability of reactor-produced radio- 
isotopes has increased the number of laboratories 
using them by a factor of about ten. Certainly this is 
an appreciable growth in the short span of a few years. 

On the other hand, the distribution of radioisotopes 
is not as expansive as it conceivably could be if we 
were to consider only the potential usefulness of various 
radioisotope applications. The reasons for this are 
many and varied although all the limiting factors are 
overshadowed by one—the lack of adequately trained 
scientists. 

However, to appreciate the over-all situation and 





1 Presented at the Twelfth Summer Conference of the New 
England Association of Chemistry Teachers, University of Con- 
necticut, Storrs, Connecticut, August 22, 1950. 


EDWIN A. WIGGIN 
Isotopes Division, U. S. Atomic Energy Commission, 
Oak Ridge, Tennessee 


some of the problems involved one should have a pretty 
good idea of how radioisotopes can be used and the 
extent to which they have been used to date. 


ISOTOPES AS TRACER ATOMS 


In their most generally useful role radioisotopes are 
employed as tracer atoms, that is, as atoms which can 
be used to label other atoms and molecules for the 
purpose of following them through complex reactions 
and processes. Radioisotopes as tracer atoms form 
the basis for the isotopic method of analysis, which 
derives its uniquely powerful applicability from three 
important factors: (1) chemical identity, (2) sensitivity, 
and (3) specificity. 

All tracer applications are based on the premise that 
isotopes of the same element have identical chemical 
properties. For example, all isotopes of carbon re- 
gardless of whether they are stable or radioactive 
have identical chemical characteristics. Carbon 13, 
which exists in nature at a concentration of only 1.1 
per cent behaves just like the more abundant carbon 
12 and man-made radioactive carbon 14. In a similar 
way, stable phosphorus 31 exhibits the same chemical 
properties as radioactive phosphorus 32. 

The sensitivity of the radioisotope technique is 
attributed to the fact that the presence of the radio- 
material is detected by the radiation which it emits in 
disintegrating. With radiation instruments such as 
the Geiger counter and ionization chamber it is possible 
in the case of short-lived materials such as radioactive 
sodium 24 to detect the presence of as little as 4 X 
10-!® grams of the isotope. This sensitivity is, of 
course, about a million million times greater than that 
ordinarily obtained by commonly used analytical 
methods. Even for radioactive isotopes of very long 
half-life such as carbon 14 (over 5000 years) where a 
larger number of atoms are required for detection, the 
sensitivity of this type of measurement is over 4 
million times that of chemical methods. 
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But even more important than sensitivity is the 
specificity of the radioisotope technique. It arises 
from the fact that a specific batch of atoms (the radio- 
active ones) can be detected and followed independently 
of all other atoms which are present in the system. 
The number and complexity of the reactions or proc- 
esses into which the labeled material may enter have 
no effect on the certainty of identification. For ex- 
ample, specific carbon positions within a complex 
organic compound may be labeled and then the move- 
ment of these labeled carbon atoms followed, even 
though they may become part of other molecular 
components during the reaction being studied. 


ANALYTICAL TECHNIQUES 


There are three distinct ways in which radioisotopes 
may be used as analytical tools. These may be re- 
ferred to as “tracer analysis,” “isotope dilution 
analysis,” and “activation analysis.” 

Tracer analysis, as shown in Figure 1, is designed to 
follow the fate of a radioelement or labeled material 
from one stage to a later stage of a reaction or process. 
It is primarily a qualitative technique and is useful 
when one merely wishes to determine the presence or 
absence of a particular substance in an agglomerate of 
other matevials. Because of the radioactive tag or 
label this determination can be made quickly at con- 
centrations far below those permitted by other methods. 

Illustrative of tracer analysis is the study carried 
out with radiocarbon 14 on the mechanism of the 
Fischer-Tropsch synthesis. This is the catalytic re- 
action whereby mixtures of hydrogen and carbon 
monoxide are converted at elevated pressures and 
temperatures to long-chained hydrocarbons such as 
gasoline. The tracer studies were designed to deter- 
mine if a metal carbide of the metal catalyst is an inter- 
mediate in the synthesis. In the first phase of the 
study, hydrogen and carbon monoxide were reacted over 
an iron catalyst containing tracer quantitiesof carbon 14- 
labeled iron carbide. It was assumed that if the 
iron carbide were an intermediate, the initial hydro- 
carbons produced would contain appreciable quantities 
of C'* since the first quantities of carbon entering into 
the reaction would tend to displace the labeled carbon 
in the carbide. As a further check the experiment was 
repeated, this time using the radiocarbon to label the 
carbon monoxide. Here it was reasoned that if the 
carbide were an intermediate, the initial hydrocarbons 
formed would contain little or no radiocarbon since 
most of the labeled carbon would be used in forming 
the carbide. From this study investigators were able 
to prove that iron carbide is not a major intermediate 
in the reaction. The results have since been con- 
firmed by thermodynamic calculations. 

Isotope dilution analysis is a modification of tracer 
analysis. This method of analysis is particularly 
useful when the substance, the concentration of which 
is to be determined, cannot be quantitatively separated 
from other materials in the system. The technique, 
as shown in Figure 2, is based on introducing into the 
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Figure 1 


sample to be analyzed an amount of radiomaterial 
mixed in known ratio with a stable isotope of the same 
element. Any change in this ratio, usually referred 
to as the specific activity, will be due to the dilution 
caused by the same element already present. This 
particular type of analysis is especially advantageous 
since only the specific activities of the isotopic materials 
added and later sampled for analysis need to be known. 
Quantitative separations are required at no stage of the 
analysis although the sample analyzed must be chemi- 
cally pure. 

One of the best illustrations of isotope dilution anal- 
ysis is the extensive series of studies which have been 
made on the phosphate fertilizer requirements of 
various crops. It has been the practice in these in- 
vestigations to add varying amounts of phosphate 
fertilizer labeled in known specific activity with radio- 
active phosphorus. If the specific activity of the phos- 
phate in the harvested crop is the same as the specific 
activity of the phosphate in the added radioactive 
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Figure 3 


fertilizer, the investigator immediately knows that the 
plant derived all of its phosphorus from the fertilizer. 
If on the other hand the specific activity of the plant 
phosphorus is less than that of the added fertilizer, it is 
evident that part of the plant phosphorus came from 
the phosphorus already present in the soil. 

Activation analysis involves the irradiation of an 
unknown sample in the nuclear reactor and the sub- 
sequent identification of the radioisotopes produced 
(Figure 3). This type of analysis is particularly useful 
where the concentration of the unknown element 
is too low to be identified by chemical or spectroscopic 
methods or where standard methods of analyses are 
not satisfactory because of interfering contaminants. 
The largest single limitation to this procedure is that a 
nuclear reactor or other nuclear bombarding device is 
necessary for irradiating the unknown sample. For this 
reason this particular type of isotope analysis has not 
been appreciably exploited to date although a co- 
operative exploratory program involving the Oak 
Ridge National Laboratory and several leading in- 
dustrial research laboratories is currently under way. 
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Figure 4 
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SOURCES OF RADIATION 


Although radioisotopes are primarily useful as tracer 
atoms—that is, as tools of analysis as described above— 
an increasingly large number of ways have been found 
for using them as uniquely applicable sources of ionizing 
radiation. In these instances they have been used in 
applications similar to those which have employed 
radium for many years. With the availability of 
niuclear-reactor-produced radioisotopes the variety and 
quantity of such sources has been greatly extended. 
For example, the investigator now has considerable 
choice in the type and energy of the radiation which will 
best suit his purposes. To date such applications 
have been primarily limited to interstitial and tele- 
therapy sources in medicine and to radioactive gages 
and radiographic testing in industry. 


EXAMPLES OF ISOTOPE UTILIZATION 


The number and variety of radioisotope applica- 
tions made to date are much too large even to survey 
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Figure 5 


here. The fact that over 2000 reports and papers of 
such applications have already appeared in about 200 
scientific and technical journals will verify this. Men- 
tion of: a few uses will, however, demonstrate the 
versatility and scope of radioisotope utilization. 


Biology and Medicine 


Radioisotopes have been used to develop an entirely 
new technique for studying body metabolism and for 
studying the ‘synthesis, transport, utilization, and 
breakdown of various body components. They have 
been used to study the fate of metabolites (Figure 4) 
such as proteins, vitamins, hormones, steroids, and 
phospholipids; the mode of action of drugs (Figure 5) 
such as hypnotics, antibiotics, anesthetics, bactericides, 
and alkaloids; and the action of injurious agents 
(Figure 6) such as carcinogens, viruses, bacteria, radia- 
tion, and toxicants. 

Approximately 47 per cent of the total number of 
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Figure 6 


shipments made to date have been used in medical 
diagnosis or therapy. As diagnostic tools, radioiso- 
topes are useful for indicating fluid space and flow 
and for determining the extent or location of a dys- 
functioning tissue or organ by absorption of the iso- 
topic material. Examples of the first type of applica- 
tion would include the use of radiosodium in radio- 
cardiography (Figure 7). The use of radiophosphorus 
in locating the extent of brain tumors is representative 
of the second type (Figure 8). 
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Figure 7 


As therapeutic tools radioisotopes are useful because 
of the ionizing radiation which they emit. They may 
be localized in or near the diseased tissue by physical 
means or be localized in the diseased tissue by chemical 
means taking advantage of the unique biochemistry 
of the ingested or injected radiomaterial. LIllustrative 
of physical placement is the use of cobalt needles in the 
place of radium needles as interstitial radiation sources 
(Figure 9). Chemical placement, which constitutes 
the much more unique use of reactor-produced radio- 


materials, includes the use of radioiodine for treating 
thyroid disorders and the use of radiophosphorus for 
treating disorders of the blood forming tissues (Figure 
10). Radioisotope therapy of hyperthyroidism and 
polycythemia vera is now the treatment of choice at 
several medical centers throughout the country. 


Agriculture 


Although of no immediate agricultural significance, 
probably the most important long-range radioisotope 
plant studies currently underway are concerned with 
the use of radiocarbon 14 in investigating the mech- 
anism of photosynthesis. By allowing simple plants 


such as algae to photosynthesize under controlled 
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Figure 8 


conditions in an atmosphere of carbon dioxide labeled 
with traces of radioactive carbon, scientists have been 
able to gain a better appreciation of the rapid rate 
at which the process takes place. One laboratory has 
succeeded in identifying five compounds which were 
formed within five seconds after photosynthesis started. 
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Figure 9 
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Figure 10 
The same group has also observed that within 90 
seconds, at least 15 compounds are produced including 
simple, six-carbon sugars. 

Of more immediate benefit to the farmer are the 
studies being made on the mechanism of chlorosis, 
the uptake of phosphate fertilizer (Figure 11), the 
mode of action of weed-killers and insecticides, and 
the nutritional requirements of livestock. 


Industry 


Radioisotope utilization in industry as in other fields 
of investigation has been primarily limited to research 
studies. Examples of such investigations are the poly- 
merization and vulcanization of rubber, the diffusion 
of solid metals (Figure 12), and minerals flotation. 

Although process-control problems have not in 
general lent themselves to the radioisotope technique 
because of the possible hazards which residual radio- 
activity in consumer goods might present, an in- 
creasing number of applied uses have recently been de- 
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Figure 11 
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veloped. For example, numerous radiomaterials have 
been incorporated into radioactive thickness gages 
which are destined shortly to come into routine use in 
plants producing sheet paper, plastic, rubber, glass, 
and metal. Radioisotopes are currently being used as 
interface markers between different grades and types of 
oil flowing through a common overland pipeline and 
for studying the efficiency of various kinds of lubricating 
oils in reducing the wear on piston rings in diesel and 
gasoline engines. 

Although these are but a few of the ways in which 
radioisotopes have already been used, they do illustrate 
the power and versatility of their application. Cer- 
tainly their usefulness predicts much wider application 
in the future. 


TRAINING VERSUS FUTURE 


The largest single ‘‘if’’ to further expansion of radio- 
isotope utilization, as was pointed out earlier, is the 
number of people trained to use the materials. This 
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Figure 12 


number is now quite small. For example, records 
show that of the senior investigators now using radio- 
isotopes, less than 250 are chemists. If in turn each 
of these represents a research team of ten chemists, 
the over-all total is still less than five per cent of the 
current membership of the American Chemical Society. 

Through the efforts of the Commission in supporting 
training programs such as the radioisotope techniques 
course offered by the Oak Ridge Institute of Nuclear 
Studies, the number of scientists trained in the special 
techniques for handling and using radiomaterials is 
slowly increasing. In the three years since the In- 
stitute’s training program has been in operation 512 
scientists out of a total 853 who have applied for ad- 
mission have added this new technique to their research 
background. The real solution to the problem, however, 
lies with the colleges and universities who have the 
experience and facilities for making education truly 
effective. 
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To the Editor: 


I should like to congratulate you and Dr. Desmond 
Reilly for the very interesting paper, ‘Irish Chemical 
Pioneers of 150 Years Ago.” I am sure both you and 
Dr. Reilly will forgive me if I correct a few statements 
appearing in this article which might give readers an 
inaccurate impression of the work of Irish Societies, 
particularly the Royal Dublin Society which for almost 
220 years has contributed in no small measure to the 
history of Science in Ireland. 

Dr. Reilly tells of the formation of the Dublin Philo- 
sophical Society, and writes “this Society, the anteced- 
ent of both the Academy and the Royal Dublin So- 
ciety, first met in 1785.” This, of course, should read 
1684. Again Dr. Reilly writes “in 1787 when Kirwan 
returned to Dublin the old Dublin Philosophical So- 
ciety had given way to the Royal Irish Academy.” On 
point of fact the Dublin Philosophical Society appears 
to have ceased in the early part of the century, probably 
about 1707. 

It is difficult to find substantiation for Dr. Reilly’s 
statement which at least gives the impression that 
Kirwan was responsible for the purchase of the Leskean 
collection of minerals. Actually a committee was ap- 
pointed by the Royal Dublin Society in 1792 to treat for 
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the purchase of the collection, and Dr. Kirwan was the 
negotiator. The collection was purchased by the 
Society at an eventual cost of £1,350 and placed in the 
Society’s museum. In 1795 William Higgins was ap- 
pointed professor of chemistry and mineralogy to the 
Society. 

Referring to William Higgins, Dr. Reilly states that 
“fone of the last acts of the Dublin Parliament before the 
Act of Union was to appoint a number of professors to 
the lately formed Dublin Society.” Higgins was ap- 
pointed in 1795, exactly sixty-fo&r years after the 
foundation of the Society in 1731, so the word “‘lately”’ in 
this sentence gives a wrong impression of the age of the 
Royal Dublin Society, which even at that period pos- 
sessed a royal charter. 

Your readers may be interested in the following brief 
note on the Irish Societies mentioned by Dr. Reilly. 


Dublin Philosophical Society, founded 1684, ceased 

1706.(?) 
Royal Dublin Society, founded 1731, still in enclosure. 
Physico-Historical Society, founded 1744, ceased 1752. 
Royal Irish Academy, founded 1786, still in enclosure. 


DersmonpD J. CLARKE 
LrBRARIAN Royat Dustin Society 
Batu’s Brings, DuBLIN 
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To the Editor: 

Those chemistry teachers who think that modern 
texts on principles of chemistry are responsible for the 
students’ lack of knowledge might be interested in the 
following two quotations: 

1. “Experimental and practical data occupy their 
place, but the philosophical principles of our science 
form the chief theme of the work.” 

2. “In order to secure as logical a treatment as 
possible it has been thought best not to give detailed 
descriptions of apparatus and specific directions for the 
preparation of substances, in the text proper. By 
avoiding these the attention can be better directed to 
the principles involved and a clearer conception of these 
principles will be formed, than when the attention is 
distracted by the reading of such details.” 

The first quotation is from the preface to the 1891 
edition of Mendeleev’s “Principles of Chemistry” 
(note the title). Anyone who examines this two- 
volume work will surely consider it a most discursive 
treatment of the subject. The amount of detail is 
bewildering; at one place, there are five pages con- 
taining 12 lines of text and 254 lines of notes in fine 
print. No matter what Mendeleev says about prin- 
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ciples it is clear that the student will learn them only 
by painstaking study of a host of facts. 

The second quotation is taken from the preface to 
the 1889 edition of Remsen’s “Inorganic Chemistry.” 
This text comprises 853 pages of material which | 
think most of us would classify as descriptive. 

These two writers were eminent. My point is that 
while they praised principles they wrote texts that most 
Students today couldn’t read in a school year. The 
real trouble is, I think; that many writers and publishers 
send out texts that can compete in a big market— 
they have to be mediocre. Alfred North Whitehead 
had this to say about the matter: “Whenever a text- 
book is written of real educational worth, you may be 
quite certain that some reviewer will say that it will be 
difficult to teach from it. Of course it will be difficult 
to teach from it. If it were easy, the book ought to be 
burned; for it cannot be educational. In education, 
as elsewhere, the broad primrose path leads to a nasty 
place.” 


Rosert Eppie 
Brown UNIVERSITY 
PROVIDENCE, RHopE IsLanp 


Keceut- Sooke 


* GENERAL CHEMISTRY 


John Arrend Timm, Professor of Chemistry, Simmons College, 
Boston, Massachusetts. McGraw-Hill Book Company, Inc., New 
York, 1950. Second edition. xii + 764 pp. 203 figs. 75 tables. 
16 X 23.5cm. $4.50. 


Tuts book is of a conversational type in which the author 
speaks directly to a student who has no previous knowledge of 
chemistry. It is obviously the work of a fine teacher who is aware 
of topics found difficult by students, and who answers many of 
their questions just before they are asked. It is clear and interest- 
ing and is well illustrated with photographs and line drawings. 
At the end of each chapter is a list of exercises and reading ref- 
erences. The exercises are good, but they are not as numerous 
as some might think desirable. Most of them are questions, but 
some are simple numerical problems of the types normally as- 
signed in general chemistry. The book gives the impression of 
being written much more for the average than for the superior 
student. Although it appears to be somewhat more descriptive 
in nature than most of the recent general chemistry texts, it does 
devote much attention to principles and to theory. Some his- 
torical material is given, and theories are introduced after facts 
upon which they are based have been presented. The binding is 
attractive and substantial. Both the printing and the paper are 
good and very few typographical errors are present. 

When revising the book, the author brought up to date the 
treatment of nucleonics by adding a discussion of nuclear fission. 
the nuclear reactor, isotope separation, the transuranium ele- 
ments, the atomic bomb, and the use of tracer isotopes. He also 
rearranged some of the chapters and made several additions. 


For example, sections on the silicones, the structure of silicates, 
the structure of sulfur, and the production of synthetic quartz 
crystals are now present. The number of figures has been in- 
creased from 173 to 203 and the number of pages from 592 to 
764. Most of the book, however, is still the same as the first edi- 
tion. (Reviewed in Tuts JOURNAL, 22, 364 (1945).) 

When another revision is made one may expect to see the dis- 
cussion of molecular structure extended to include modern treat- 
ments of the phosphates and/or organic compounds. 

In general, the book is written in a very clear style. This is not 
true of all parts, however. An example is the sentence, “In each 
of the molecules of a given substance, there are the same number 
of atoms of each of the elements of which the substance is com- 
posed.’’ Another example is the first discussion (p. 179) of the 
balancing of oxidation-reduction equations. This is too brief to be 
easily understood by a beginner. There is not an adequate dis- 
cussion of the meaning or the writing of ionic equations, nor is 
there a general use of ionic equations throughout the book. They 
do appear, but many of the ionic reactions in solution are repre- 
sented by molecular equations. 

These criticisms do not mean that the reviewer regards the 
book as bad. It is actually one of the fine texts on general chem- 
istry which are now on the market. One who has the respon- 
sibility of teaching beginning students of average ability should 
examine the book carefully, for it may be just the one which he 
wishes his students to use. 


GEORGE H. CADY 
UNtIversity oF WASHINGTON 
SeattLe, WASHINGTON 
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e INORGANIC SYNTHESES, VOLUME III 
Editor-in-Chief: Ludwig F. Audrieth, University of Mlinois. 


First edition. McGraw-Hill Book Company, Inc., New York, 
1950. xi + 230 pp. 40 figs. 3 tables. 15.5 xX 23.5 cm. 
$3.75. 


Lrxe its predecessors, this volume describes in detail the labora- 
tory preparation of useful or interesting inorganic substances, 
varying in complexity from anhydrous iron (IIT) chloride to bis 
(N,N’-disalicylalethylenediamine)-u-aquodicobalt (II).  Alto- 
gether some sixty preparations are given. 

A new feature of the present volume is the inclusion of reviews 
of the preparative chemistry of three groups of compounds: 
basic beryllium derivatives of organic acids, organosilicon com- 
pounds, and the poly- and metaphosphates and “strong phos- 
phoric acids.” Each review is followed by directions for preparing 
a few representative compounds of the group. The section on the 
complex phosphates (which includes fluophosphates) is par- 
ticularly timely. 

Several carbon compounds are included, such as carbon tetra- 
fluoride and tetraiodide, cyanamide, dicyanodiamide and am- 
monium dithiocarbamate, compounds which fall between the 
realms of organic and inorganic chemistry, avoided by the text- 
book writers of both fields, and yet of interest in both. 

The preparation of many useful fluorine compounds is de- 
scribed, including sulfur hexafluoride, tungsten hexafluoride, 
bromine trifluoride, silver (II) fluoride, and cobalt (IIT) fluoride. 
Most of the methods use fluorine gas, and techniques of handling 
fluorine gas and anhydrous hydrogen fluoride are carefully de- 
scribed. 

Many useful experimental techniques are given, including 
those used in preparing extremely pure strontium compounds for 
phosphors, in extracting, separating, and analyzing zirconium- 
hafnium mixtures, and in handling substances at low pressures 
and in controlled atmospheres. Methods are also given for pre- 
paring a few common compounds such as anhydrous ferric chlo- 
ride and aluminum bromide in high purity and adequate quantity 
for laboratory use. 

Following the precedent of Volume II, this volume uses the 
I.U.C. recommended system of nomenclature. Oxidation states 
are denoted by Roman numerals according to the Stock system, 
but common established names are given too. There are three 
indexes: names of contributors, subjects, and formulas. The last 
two are cumulative for Volumes I to ITI. 

It testifies to the careful proofreading that the reviewer 
noticed only one place where the word “fluoride” was misspelled— 
in an insignificant cross reference on page 191. 


H. F. WALTON 
UNIVERSITY OF COLORADO 
Boutper, CotoraDo 


© JAN INGENHOUSZ—PLANT PHYSIOLOGIST. WITH 
A HISTORY OF THE DISCOVERY OF 
PHOTOSYNTHESIS : 


Howard S. Reed, Professor of Plant Physiology, Emeritus, Uni- 
versity of California. No. 5/6 of Volume ll, pp. 285-396, Plates 
58-65 of “Chronica Botanica.’ The Chronica Botanica Co., 
Waltham, Massachusetts, 1949. 112 pp. 17 X 26cm. $3. 


Mucu can be learned by careful review of classical investiga- 
tions. These studies often reveal the basic courses of develop- 
ment, the ways in which new regions have been brought under 
investigation, the disciplines required for interpretation of natural 
phenomena, and the simplicity of experimentation and inter- 
pretation that distinguish the master from the apprentice. When 
concerned with one of the most important processes on the earth, 
the storage of solar energy through the photosynthetic assimila- 
tion of carbon dioxide and the production of oxygen and organic 
matter by green plants, these studies are certain to interest a 
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wide variety of specialists as well as every student of the history 
of science. 

This new publication by Dr. Reed illustrates some of the basic 
developments in plant physiology. Indirectly, it throws much 
light on the evolution of natural philosophy. It is an annotated, 
complete reprint of Ingenhousz’ ‘Experiments upon Vegetables,” 
first published in England in 1779. In the first eizhteen pages 
Dr. Reed has also presented a biographical sketch of Ingenhousz, 
the chemical studies that led to the discovery of gaseous inter- 
change in photosynthesis, a short summary of the eighteenth- 
century plant physiological investigations, and some historio- 
graphical notes with numerous illustrations never published be- 
fore. Each section of the reproduction of the “Experiments’’ is 
followed by pertinent comments, some explanatory in nature and 
some descriptive of our present state of knowledge. In support 
of the latter, current literature is also cited. Finally there is a 
short appendix containing Section one of the French edition and 
two letters from Benjamin Franklin. In this way, Dr. Reed 
has not only portrayed an early and critical stage in the subject of 
plant physiology but he has also brought us to the boundaries of 
knowledge in current research. 

Ingenhousz (actually Ingen-Housz in publications and by 
signature) was born in Holland (1730) and died near London 
(1799). He was a physician of note, counsellor of the court, and 
“body” physician to the ruling families of England and of Aus- 
tria. Above all, he was a careful observer, a precise investigator, 
and a lucid writer. His careful separation of observation and 
interpretation enabled him to avoid some of the involved con- 
troversies that engulfed his contemporaries, notably Priestley 
and Scheele. 58 

As a physician, Ingenhousz was interested in those properties, 
of air that are depleted by animals and restored by plants. 
Clouded at times by the phlogiston theory, his interpretation of 
the role of plants was centered in these properties‘of air. Like’ 
Priestley, he perceived that plants provide an enormous organ- 
izational force counteracting decay and purifying the atmos- 
phere. Only the green matter of living plants was effective, and 
this was active only in sunlight. All green plants from pond 
scums to trees acted similarly. 

At that time, all the chemical information for recognition of 
the carbon cycle in nature was being organized, but it took the 
chemist Lavoisier to develop this concept. A weak point in this 
chemical interpretation of the role of plants was the inability of 
the chemists to provide an analysis of fixed air or carbon dioxide, 
although its composition had been indicated previously by the 
combustion of carbon. 

As physician and physiologist, Ingenhousz did not recognize 
foul, phlogisticated air as a mixture of gases containing the fixed 
air of carbonates and fermenting substances, a concept pro- 
pounded by Bergman in 1774. It is truly remarkable, therefore, 
that he elucidated so clearly the role of plants in “their great 
power of purifying the common air in the sun-shine and of 
injuring it in the shade and at night.” + 

In the field of photosynthesis, there are other similar instances 
of the importance of concepts for the description and interpreta- 
tion of natural phenomena. For example, regarded as the or- 
ganization of matter by green plants, photosynthesis was clearly 
recognized in the earliest biblical times. By contrast, regarded 
as a particular process by which solar energy affects chemical 
reactions in living plants, photosynthesis has yet to be satisfac- 
torily interpreted. 

Recognition of the essential role of green matter by Priestley 
and by Ingenhousz initiated a series of complicated chemical in- 
vestigations on the pigments which have not been summarized by 
Reed, the magical word chlorophyll not appearing in the index to 
his publication. Again, the physiologist has avoided the chem- 
ical and physical principles on which interpretation of the 
mechanism of the phenomenon might be based. This is not the 
fault of the physiologist but of the chemists who have been so 
concerned with the minutiae of chemical research that they have 
not set forth clearly or even recognized the chemical facts that 
are critical to other disciplines. 

Today it is known that sunlight absorbed by chlorophyll a is 





640 


effective in all plants that purify the atmosphere. Other chloro- 
phylls, certain carotenoids, and proteinaceous phycobilins that 
accompany chlorophyll a in some plants are also effective in 
photosynthesis. Experiments with the sensitive adsorption 
method indicate that chlorophyll a and the other pigments that 
accompany it do not undergo chemical change during the utiliza- 
tion of the radiant solar energy by plants. Accordingly, the link 
between light absorption by pigments and the formation of or- 
ganic matter and oxygen may lie in the colorless components of 
the labile cellular parts. Although more irrelevant facts are 
known about chlorophyll than about any other essential constit- 
uent of the photosynthetic apparatus, virtually nothing is 
known about those circumstances that render it effective when in 
combination with other parts of the living cells. 

In making Ingenhousz’ publication more readily available and 
in correlating the early experiments with current results and in- 
terpretations, Dr. Reed has helped to cross-fertilize the mate- 
rialistic and philosophical aspects of science. Thereby, he has 
brought additional vigor to natural philosophy, and he has coun- 
teracted the weakness that always results from the uteaeneeen of 
highly specialized doctrines. 


HAROLD H. STRAIN 
ARGONNE NaTIonaL LABORATORY 
Curcago, ILLINoIs 


* POCKET ENCYCLOPEDIA OF ATOMIC ENERGY 


Edited by Frank Gaynor. Philosophical Library, New York, 
1950. (Printed in Britain.) 204 pp. Illustrated. 14.5 X 22 cm. 
$7,50. 


The flyleaf of this book states that “the purpose of this book is 
to present a comprehensive collection of brief explanations and 
definitions of concepts and terms in the field of nuclear physics 
and atomic energy to the scholar, researcher, teacher, librarian, 
student, and intelligent layman.” 

There are individual entries for every element, indicating: 
chemical symbol, groups of the periodic table, atomic number and 
weight, stable isotopes, radioisotopes, etc. Brief descriptions of 
the best known types of nuclear reactions are also given and 
there is an entry for every member of the known radioactive 
families, indicating: symbol, atomic number, mass number, type 
of radiation, and half-life. 

The book contains over 2000 entries, charts, tables, and illus- 
trations and lists the German equivalents for a great many of the 
terms defined. 


e TRATADO DE QUIMICA ORGANICA 


Enrique V. Zappi, Professor of Organic Chemistry in the 
Universities of Buenos Aires and La Plata. First edition. Volume 


I. Parts II and III. Libreria y Editorial “El Ateneo,” Buenos 
Aires, Argentina, 1949. Part II, xvi + 686 pp. 15.5 X 23.5 
cm. Part III, xv + 844 pp. 15.5 X 23.5 cm. 


Parts II and III continue the discussion of acyclic compounds 
and complete Volume I of this treatise on organic chemistry. 
Part II is divided into eight chapters dealing with ether oxides 
and thioethers; amines and their derivatives; alkyl derivatives 
of the metals and nonmetals in groups I to V of the periodic table 
(systematically discussed and with emphasis on the Grignard re- 
action); aldehydes; ketones; monobasic acids; esters; and de- 
rivatives by substitution in the carboxy] group. 

Part III is divided into twelve chapters dealing with glycols; 
acid-alcohols; amino acids, peptides, and proteins; monobasic 
acid-aldehydes and acid-ketones; dibasic acids; dihydroxy di- 
basic acids; sugars (comprising close to 200 pages and including a 
systematic procedure for their identification contributed by Dr. 
Calderon); derivatives of cyanogen and of carbonic acid; and 
acidic and cyclic ureides. 

The high standards set by the previously published parts [cf. 
Tuts Joupnat, 19, 98 (1942); 21, 468 (1944); 22, 519 (1945)] are 
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encountered here again. The presentation is generally advanced 
and up to date. As before, proofs of constitution and structural 
formulas and diagrams are abundant and well arranged and add 
noticeably to the pedagogical objectives of the book. Typo- 
graphically the work is excellent, and the number of errors and 
misprints is very small. An occasional pentavalent carbon, hy- 
drogen with a coordination number of 3 or 4 (pp. 677, 781), and 
questionable structures for the carbonyls and ferrocyanides (pp. 
1906, 1951) do not detract from the general character of the 
book. 

Since Volume II of the present work appeared before Volume I, 
the task so courageously initiated by Dr. Zappi in 1941 is here 
completed. The task has proven even greater than expected, and 
the four parts initially intended have become six. Physically, the 
“Treatise” consists of about 3500 pages of text, exclusive of very 
extensive and complete indexes, 224 tables in which properties, 
classifications, syntheses, etc., are outlined and systematized, and 
a large number of diagrams. 

The “Treatise” is intended as a text and follows, according to 
the author, the outline of his lectures at the Universities of Buenos 
Aires and La Plata. The efforts to make this book didactic are 
noticeable everywhere and are very successful. The work is pri- 
marily of a descriptive nature, the subject of organic chemistry 
being systematically presented. Theoretical concepts are scat- 
tered at the places the A&uthor has considered most appropriate. 
This is well done, but one wonders whether in a text of the pro- 
portions of the present one a more coordinated presentation of the 
theory should not have been attempted. Again, the lack of ref- 
erences to the original literature is much to be regretted. 

Dr. Zappi is to be congratulated for the successful completion 
of a first-class contribution to the chemical literature in Spanish. 
It will find its place both as an advanced text and as a reference 
book. 


J. GOMEZ-IBANEZ 
Wesieran UNIVERSITY 
Mrpp.etown, ConnecTICcUT 


« PHYSICAL CHEMISTRY OF HIGH POLYMERIC 
SYSTEMS 


H. Mark, Director, Institute of Polymer Research, Polytechnic 
Institute of Brooklyn, and A. V. Tobolsky, Assistant Professor of 
Chemistry, Princeton University. Second edition. Vol. II of 
“High Polymers,” a series of monographs. Interscience Pub- 
lishers, Inc., New York, 1950. xii + 506 pp. 165 figs. 108 
tables. 15.5 X 23.5cm. $6.50. 


TEN years ago, I reviewed the first edition of Professor Mark’s 
“Physical Chemistry of High Polymeric Systems’ (J. CHeEm. 
Epvuc., 18, 200 (1941)). My review contained the statement: 
“Many of the methods which the author discussed have not yet 
been applied to high polymers, or else their application is still in 
the preliminary stages; the inclusion of many suggestions of prob- 
lems yet to be investigated is one of the most valuable features of 
the monograph.” The author and his collaborator have, in the 
new edition, fulfilled the promise made in the old one: early sub- 
sections have grown to full chapters and “‘it has been shown .. .” 
appears instead of “it would be interesting to investigate . 
many places. This does not imply that we may consider the 
physical chemistry of polymers a closed subject; the present 
treatise still suggests new problems—problems which could not be 
foreseen in 1940, and which required settlement of some of the 
1940 problems before they could be formulated. The expansion 
of the book is a measure of the expansion of the field in the last 
decade; the author index has grown from six pages to ten. The 
four new pages represent more work by the pioneers in the field 
and many papers by authors new to the field since 1940. 

The general plan of the book follows the original outline. The 
first 246 pages of this edition are closely patterned after the first 
206 pages of ihe initial version, with expansion at appropriate in- 
tervals. These are the sections which deal with the structure of 
matter in general, with special attention to polymers. To econo- 
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mize on space, several subjects (for example, X-rays, electrical 
properties, and light scattering) are treated mostly from the 
fundamental rather than the applied point of view, although ref- 
erences are given to review articles. Industrial readers will prob- 
ably welcome the convenience of having this fundamental physi- 
cal chemistry in a reference book on polymers; academic readers, 
on the other hand, possibly would prefer to have the general ma- 
terial covered by reference and to see more details of applications 
to polymeric systems. 

The second half of the book is an expansion from 128 to 242 
pages on the thermodynamics, hydrodynamics, and kinetics of 
polymers, plus a new chapter on mechanical properties. It is in 
these four fields that much of the work of the last ten years has 
been concentrated; it is natural, therefore, to expect a consider- 
able increase in the space devoted to them. Our present under- 
standing of thermodynamics and hydrodynamics of polymer solu- 
tions represents a tremendous advance over the status of these 
problems ten years ago; the authors present in a very readable 
style an outline of this work, with an excellent bibliography. The 
section on mechanical properties is a review of classical theory, 
followed by a summary of the recent significant work from the 
Princeton laboratories. In kinetics, copolymerization (at best, a 
beginning art ten years ago), redox systems, absolute reaction 
rates, emulsion polymerization, and chain transfer are all modern 
subjects which are carefully summarized, along with the previous 
material. The book is warmly recommended to all research 
workers in the field of polymers. It is essentially a reference and 
source book rather than a text book; the field is now so broad 
that many details of derivation and procedure were of necessity 
omitted, as the authors state in their preface. 


RAYMOND M. FUOSS 
Yave UnNIvERsITY 
New Haven, Connecticut 


@ INTRODUCTION TO PLANT BIOCHEMISTRY 


Catherine C. Steele, M.A., B.Sc., Ph.D. St. Andrews, sometime 
lecturer in chemistry at the Horticultural College, Swanley, Kent. 
Second revised edition. G. Bell & Sons, Ltd., London, 1949. 
viii + 346 pp. 12figs. 6tables. 14.55 X 22cm. 22/6d. 


Tuts book, a revision of that published in 1934, is designed to 
provide the botany student “...with an introductory account of 
the chemical nature and relationships of the substances elaborated 


by plants.”’ The book is divided into seven sections. The first 
deals with the colloidal state and chemical composition of plants. 
The next five’ sections survey the kinds of organic compounds 
found in plants: II, alcohols, fatty acids, fats, and oils; III, 
aldehydes, ketones, and carbohydrates; IV, plant acids; V, 
proteins and related compounds; VI, cyclic compounds. Each 
subject is introduced by a consideration of the general organic 
chemistry and properties of the compounds. This is followed by a 
short treatment of the biogenesis and physiological function of the 
compounds as plant metabolites. The author often offers in- 
teresting notions on the function of these compounds, examples of 
which are: “ [glycosides]. ..perform a biological function in pro- 
tecting the plant from raids by animals...” and “{fat synthe- 
sis]. ..plays an important part in the defence mechanism of the 
plant against low temperatures.’”’ However, as a general survey 
of plant products the first six sections of the book will be found 
useful, although some of the subjects such as the pectins receive 
a very brief treatment in spite of the wealth of information that 
has accumulated since 1934. 

The seventh section, Plant Metabolism, is subdivided into 
chapters on enzymes, photosynthesis, respiration, nitrogen metab- 
olism, plant growth, and fruit ripening. Unfortunately, lack of 
clarity and general sketchiness serve to detract greatly from what 
might have been the most useful part of the book. The chapter 
on respiration is particularly disappointing because of the failure 
to provide the student with a clear and precise picture of the bio- 
chemical mechanisms involved in respiration and fermentation. 
Thus, the citric acid cycle is dismissed with one page and sum- 
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marized by the statement that ‘‘. . .isocitric acid is the most oxi- 
dizable substance in the cycle and experiments indicate that final 
oxidation to carbon dioxide and water occur at this point.” 
The chapter on plant growth suffers from the author’s apparent 
unfamiliarity with the literature on the hormonal control of plant 
growth as evidenced by the statement that ‘Wendt, Kégl and 
their collaborators’’ have isolated indole acetic acid from malt and 
maize germ oil. 
8. G. WILDMAN 
Cauirornia InsTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


+ ELEMENTS OF ORDINARY DIFFERENTIAL 
EQUATIONS 


Michael Golomb, Associate Professor of Mathematics, Purdue 
University; and Merrill Shanks, Associate Professor of Mathe- 
matics and Aeronautical Engineering, Purdue University. First 
Edition. International Series in Pure and Applied Mathematics, 
Consulting Editor: William Ted Martin. McGraw-Hill Book 
Company, New York, 1950. ix + 356 pp. 49 figs. 16 xX 24 


To quote from the preface: ‘This text is intended for use in a 
first course in ordinary differential equations and is written for 
students who have had but a year’s course in elementary calculus. 
It is designed to appeal to students majoring in engineering, 
science, or mathematics.” The book opens with a chapter de- 
voted to a review (and collection of formulas) of such a first 
course in calculus. . The remaining chapters of the book are based 
on this chapter in such a way that it is apparent that the first ob- 
jective has been well attained. The authors are in the Mathe- 
matics and Aeronautical Engineering Departments of Purdue 
University. The result of their combined efforts is a book which 
mixes in an admirable fashion the demands for logic and rigor of a 
mathematician and the practical ideas of an engineer. 

The reader is introduced to the concepts of differential equa- 
tions by means of geometric interpretations. Various types of 
differential equations are solved by methods suggestive of general 
procedures. The use of special rules and formulas is avoided. 
Operator notation is introduced and the operational methods are 
discussed in a logical fashion. Later, various special equations are 
discussed. The authors are to be commended for the introduc- 
tion of a chapter devoted to the discussion of Bessel functions, 
Legendre polynomials, hypergeometric functions, and various 
other related subjects not usually discussed in such a book. 

The procedures are well illustrated by the inclusion of many 
examples. These examples are well chosen as problems which are 
often met in theoretical physics and related fields. The exampies 
themselves will form a useful reference collection for the student. 
Many problems for the reader, with answers, are provided. 


4 


. C. F. CURTISS 
Tae University or Wisconsin 
Maprison, WIsconsin 


@ ELECTRONIC MECHANISMS OF ORGANIC 
REACTIONS 


Allan R. Day, Associate Professor of Organic Chemistry, Uni- 
versity of Pennsylvania, Philadelphia, Pennsylvania. American 
Book Company, New York, 1950. 31l4pp. 15 X 23cm. $3.50. 


Tuis book is an outgrowth of a course developed by Professor 
Day for advanced undergraduate and beginning graduate stu- 
dents. Its expressed purpose is to systematize the study of 
organic chemistry through the use of electronic mechanisms. 

There are thirty chapters ranging from two pages in length 
(alkane hydrocarbons) to twenty-nine pages (carboxylic acids 
and derivatives). The electronic interpretations of the well- 
kaown reactions for each class of compounds are taken up in an 
orderly fashion. The treatment is entirely qualitative, and is 
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decidedly intended only to serve as an introduction to the sub- 
ject. Because of the latter objective, perusal of many of the 
topics which are discussed will leave readers with the feeling, 
‘Well, here is an interesting situation which warrants deeper 
consideration on my part.”’ Free-radical mechanisms, as well as 
ionic ones, are suggested in appropriate sections. A chapter on 
heterocyclic compounds is included. - 

The following features of the text will probably appeal to many 
teachers and students. (1) The electronic interpretations pre- 
sented are in accord with recent research studies in the subjects 
considered. (2) The book is brief and readable. (3) The 
choice of topics coincides with the major ones which would be of 
interest to the general teacher of organic chemistry as well as to 
the beginning student. Thus, a study of the book serves as a 
review of the elementary course, dissociated from the mass of 
details found in the usual textbook. (4) The general make-up 
of the book, while not elegant, is clear and acceptable. 

While the author has a defensible position, in his desire to keep 
the text as simple as possible, there are certain features missing 
in this book which one would look for in a presentation for use 
at or near the graduate level: (1) Figures, tables, or graphical 
data are practically nonexistent in the book. (2) A single set 
of leading references appears in the appendix, and is referred to 
throughout the book, but much of the discussion is not adequately 
documented to permit the reader to have immediate access to 
detailed original literature on a given point. (3) Certain sec- 
tions of the book are extremely brief. (4) While kinetic data 
and energy values are often referred to, suitable introductions and 
sufficient detailed examples are not given to delineate the full 
importance of such studies to the task of interpreting mechanisms. 

The index to the book is sketchy, but major items are covered; 
a separate author index is not included. The author makes free 
use, at times unconventional, of various types of arrows and con- 
necting links to suggest inductive effects, polarizations, group 
migrations, etc. While these may at times be somewhat confus- 
ing to the reader, the treatment of these symbolic aids is consist- 
ent and can generally be followed. In his desire to be brief, 
also, the author has given minimum space to the definition of 
various terms, and the particular interpretation of these must 
often be gleaned from the context or by reference to more com- 
plete sources. The reader will also encounter some errors in 
proofreading and in nomenclature in the book, but these, as 
such, should not interfere with the understanding of the materi.! 
presented. 

The over-all impression which this reviewer has of the book is 
that it falls short of being fully adequate for the purpose intended. 
But the positive features mentioned above, the easy style of 
writing, and the elementary level for which this book is intended 
make it worthy of consideration by teachers and students as one 
of the available stepping stones to the rapidiy expanding literature 
of electronic mechanisms of organic reactions. 


NORMAN KHARASCH 
University or SourHERN CALIFORNIA 
Los ANGELES 7, CALIFORNIA 


« ADVANCED CHEMICAL CALCULATIONS 


Sylvanus J. Smith, formerly Senior Scholar of Trinity College, 
Cambridge, and Chemistry Master, the High School, Newcastle. 
The Macmillan Co., New York and London, 1950. viii + 454 
pp. 57 figs. 14 X 22cm. $2.75. 


‘THE objective of the present volume is to furnish practice in 
numerical problems...and...to continue the sequence of my 
Introductory Chemical Calculations; the two books. . .may be con- 
sidered. . .to provide a reasonably ‘complete’ course in numerical 
chemistry.” 

The twenty-one chapters into which the book is divided may be 
put in the following categories: Three chapters on such calcula- 
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tions of organic chemistry as the determination of empirical 
formulas, titration equivalents, and the number of hydroxy 
groups by acetylation; four chapters on analytical chemistry, in- 
cluding an inadequate treatment of equivalent weights; three on 
electrochemistry; five on thermochemistry and thermody- 
namics; and six on other phases of physical chemistry, such as 
vapor pressure, reaction kinetics, and the molecular theory of 
gases. 

Each chapter has a brief discussion of the theoretical back- 
ground, a few solved problems, and a very generous listing of 
problems to be solved, for which answers are given in the back of 
the book. In addition, many other problems of a “‘miscellane- 
ous” nature are grouped in three places in the book. A large 
proportion of the problems have been selected from university 
examinations, as suitably acknowledged by the author. 

Although most of the theoretical discussions are sound and the 
problems well chosen, there are several deficiencies to which 
attention should be called, as follows: 

A calculation error of a fundamental nature appears on page 
162. It is assumed that because the over-all constant for the 
ionization of H.S is 1.1 X 10~*? and the saturated solution, at 
18°C., is 0.1 “molal,’” the hydrogen-ion concentration is just 
twice that of the sulfide ion, and hence: 


“fH+]* = 1.1 X 10-7 
[H+] =... = 2.8 X 10-8 gm.-ion/litre.” 


The author has overlooked the fact that the hydrogen-ion con- 
centration is virtually that due to the primary ionization. 

In a book of this kind precision should be emphasized. How- 
ever, we find here: (1) units and their cancellation are generally 
omitted; (2) little attention is paid to significant figures; e. g., 
on page 167, the pH of a solution is 5.6 and from this it is calcu- 
lated that the “H+ = 2.512 gm.-ion per litre’; (3) in the discus- 
sion of such topics as “dissociation” constants and solubility 
products no explanation is offered for the cancellation of 
“‘gm.-ions/litre’ and “gm.-molecules/litre’; the mole, de- 
fined as the gram-formula weight of a substance, whether com- 
pound, element, or ion, could be used more logically; (4) on page 
158 we find: ‘In reactions in solution the term hydrogen ion is 
used to imply the oxonium ion formed between protons and the 
molecules of the solvent. For an aqueous solution of an acid the 
equilibrium is more correctly represented by the equation: 


HA + H.0 = H,0* + A- 


Since the active mass of the water, however, remains constant, it 
is convenient to write the dissociation in the form: 


HA = Ht + A~ 


Surely the day is passing when the “dissociation’’ of an acid, 
postulated by Arrhenius sixty years ago, must be used for the 
sake of “convenience” in preference to the now well-established 
tonization process. Actually the slight gain in convenience can- 
not counterbalance the loss in departure from what we believe to 
be true; (5) the partial dissociation of salts as postulated by 
Arrhenius is apparently accepted by the author; (6) the dia- 
grams for the hydrogen electrode on pages 379 and 385 show no 
outlet for the gas; (7) on page 14 it is stated that “It is imma- 
terial whether H = 1.0000 or O = 16.0000 is taken as the stand- 
ard (of atomic weights) since accurate values. . .are not required.” 
Do we not try to teach our students that there is only one stand- 
ard for atomic weights on the chemical scale? 

This collection of 952 problems provides a fine backlog from 
which teachers and students may select exercises. It is unfortu- 
nate, however, that so many lax and erroneous statements, of 
which the above-mentioned are conspicuous examples, have been 
allowed to creep in. 


WILLIAM B. MELDRUM 
Haverrorp CoLiecEe 
Haverrorp, PENNSYLVANIA 
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Tr 1s too bad that we never evolved a better term than “equation” for {the formu- 
lation we write for a chemical reaction. There is a certain justification, of course, 
in that such an expression must fall within the generalization of mass conserva- 
tion, and so there is something ‘equal’ about it. Nevertheless, we hedge from 
this at least to the extent of preferring an arrow to the equality sign, because the 
primary purpose of the expression is to describe a change. And finally, since the 
formulation seldom indicates a conservation of energy there is very little, after 
all, which does remain equal. 

Worse than that, however, is our too careless use of some of the associated 
terms. For instance, we announce our mistaken intention to “write a reaction,” 
when we know full well that only the “equation” for the reaction can be com- 
mitted to paper. We make a more subtle error, but no less a one, in our admoni- 
tion to the student to “balance the equation.’”’ The very term itself implies 
balance, equality. A written, symbolic expression, divided by an arrow or an 
equality sign, becomes an equation only when it does balance. 

Examination papers often contain a section headed by: ‘‘Complete and balance 
the following equations.’”’ We should delete the second and third words, for none 
of these expressions is either complete or an equation unless it is balanced. Split- 
ting hairs? Maybe; but a split hair is still many molecules thick, and that is a 
considerable magnitude in our chemical world. 

Tuis JOURNAL has sinned as much as any in this respect; we shall endeavor to 
balance no more equations. We shall try to find some better title for the next 
paper on “Balancing oxidation-reduction equations” (which will be along shortly, 
according to our frequency tables). 


No DOUBT, the reason why moving pictures do not find greater use in the chemistry 
classroom is that too many of them are not good enough. Let me call attention 
again to the appeal in our September number (page 488) for help in evaluating 
existing movies for this purpose. Surely, many teachers must have had at least 
a little experience with such visual aids. Please send comments, suggestions, etc., 
to either Dr. Richard Wistar, Mills College, Oakland, California, or Dr. R. T. 
Sanderson, Department of Chemistry, University of lowa, lowa City, lowa. These 
two will collect and arrange critical evaluations which should prove valuable to all 
teachers interested in visual aids. 

There is also a further movement afoot which may lead to a considerable im- 
provement in the quality of such moving pictures. The two men referred to will be 
glad to receive suggestions leading to this end. 


‘ 





LABORATORY BRIDGES' 


T ue determination of electrical resistance is best. made 
with a Wheatstone bridge. This bridge has its maxi- 
mum sensitivity when all four arms have the same 
resistance, and therefore it is desirable to have the 
standard resistances against which the unknown is be- 
ing measured of the same order of magnitude as the un- 
known, for highest precision. When the resistance to 
be measured becomes very high, however, it becomes 
difficult to obtain satisfactory resistance standards, and 
if the measurement is being made with alternating 
current, it is found to be much more convenient to con- 
sider the unknown primarily as a condenser having a 
small leakage current. It is then easily measured on a 
type of capacitance bridge due to Schering? which was 
designed to measure ca- 
pacitance and loss factor 
at power and audio fre- 
quencies. By using this 
bridge in combination 
with an alternating-cur- 
rent Wheatstone bridge, a 
resistance range up to 
10'* ohms can be coy- 
ered. 

The purpose of this 
paper is to describe a com- 
bined bridge which may 
be used over the fre- 
quency range 15 cycles to 
1 kilocycle (at higher fre- 
quencies, stray capaci- 
tance and inductance in- 
troduce errors, propor- 
tional to the square of the frequency, which are no longer 
negligible). With proper insulation, up to 10 kilovolts 
may be applied to the high voltage bus bar; the design 
herewith described covers the range 0-4000 volts at 15- 
1000 cycles, and up to 8500 volts at 60 cycles. Nor- 
mally, several hundred volts are used on the Schering 
circuit and about 50 volts on the Wheatstone circuit. 
The higher voltage ranges are then available for studies 
of deviations from Ohm’s Law in electrolytes (Wien ef- 














Figure 1. Basic Circuit of the 
Schering Bridge 


! Part of Project NR 054-002 of the Office of Naval Research. 
Paper No. 24. 
2 Scuprina, H., Zeit. fiir Inst., 40, 124 (1920). 





II. A High Voltage Schering-Wheat- 
stone Bridge 


DAVID EDELSON, WILLIAM N. MACLAY, 
and RAYMOND M. FUOSS 
Yale University, New Haven, Connecticut 


fect), ete. For an unknown in the range 10-100 uyf, 
the best precision of the Schering circuit is +0.01% in 
capacity for low loss samples; the limit of precision on 
tan 6 is about +1% for tan 6 > 0.1 with a detectable 
limit of tan 6 ~ 0.00005 at 60 cycles. On the Wheat- 
stone circuit, the precision is better than +0.1% for re- 
sistance, and about +1% or better on capacitance. 
All tolerances depend, naturally, on frequency, on ab- 
solute value of impedance, and on relative values of the 
capacitative and conductive components of the un- 
known. 

The basic circuit of the Schering bridge is shown in 
Figure 1. The ratio arms consist of a standard capaci- 
tor S and the unknown admittance X; the variable 
arms are resistance and capacitance in parallel. Three 
terminal capacitances are generally used in a bridge of 
this type in conjunction with a guard circuit.* This 
leads to a better geometrical definition of both capacity 
and field strength by eliminating fringing effects and 
also eliminates errors due to stray capacitance. The 
conditions of balance for the bridge, assuming the un- 
known to consist of resistance and capacitance in paral- 
lel, are, for C; = 0, 

SR 1 

R; 1 + tan? é 
= w*C,C.R; 
= wR 


Cy 


1/Rz 


tan 6 


where 6 is the loss angle (complement of ¢, the phase 
angle). More generally, when C; ¥ 0, 


C, = Shs 1+ w°CiCiRsRy 
Eee 1 + w*CZ2R2 
w*SR, (CiR, — C3R;) 


1/Rs = Ri + otk) (5) 


(CRs — CsRs) a 
1 + wC,C.RsR, ' 


(4) 





tan 6 = 


This arrangement is well adapted for work at high 
voltages; if the generator and detector are connected 
as shown in Figure 1, it is seen that by proper choice of 
the values of capacitance and resistance most of the 
voltage drop will occur across S and X, and the variable 
components R;, C3, Rs, and C, are at relatively low volt- 
age with respect to ground. This mode of connection 


3 Hacug, B., “Alternating Current Bridge Methods,” 4th ed., 
Pitman, 1938, Chap. 4. 
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has become known as the high-voliage Schering bridge 
circuit. 

The Schering bridge is useful in measuring admit- 
tances in the range where 0 < tané <1. The balance 
is very sharp at low loss angle; as tan 6 approaches 
unity, however, the balance becomes very broad and 
the condition known as sliding balance appears; 7. e¢., 
an attempt to balance the resistance component alters 
the capacitive balance and vice versa. In the range 
where tan 6 > 1 it is necessary to go over to the Wheat- 
stone circuit. This can be done very easily in a com- 
posite Schering-Wheatstone bridge by an arrangement 
which allows the replacement of S by a standard resist- 
ance R, with simultaneous interchange of the “3” and 
“4” arms. (wC;R; < 1, usually). 

The bridge built in this laboratory was patterned af- 
ter one constructed at the Research Laboratories of the 
General Electric Company‘~* with some modifications 
to reduce the cost. Since the bridge was designed to 
be used at high voltages the entire unit was constructed 
within a safety cage (Figure 2), the front wall of which 
contains all the controls in console form. The high 
voltage components were placed out of reach above the 
control panel; the unknown was contained in a thermo- 
stat in the rear of the cage. All doors in the cage were 
equipped with safety switches operating through a suit- 
able interlock circuit (Figure 3). 

Power for the bridge was obtained from two alterna- 
tive sources. Sixty-cycle power was fed to the bridge 
through a high-voltage transformer (General Electric 
Company, 8500 v., 0.16 kva., 20 ma. max.) controlled 
by a Variac in the primary; a switching arrangement 
(not shown in Figure 3) also allowed the output of the 
Variac to be fed directly to the bridge for low-voltage 
work. Provision was made for the incorporation of a 
voltage regulator in this part of the circuit; Sorenson 
model 250S was found satisfactory for this purpose. 
Other frequencies were obtained from a Hewlett-Pack- 
ard audio oscillator driving a specially designed ampli- 
fier (G. E. Cat. No. 9115253G1) having a maximum out- 
put of 4000 volts up to 10 kc. The amplifier was con- 
nected into the interlock circuit by connecting a relay 
into the primary of the plate supply transformer. 
Since the frequency appears explicitly in the bridge 
equations, it is necessary to control this factor care- 
fully; this is most conveniently done by working at 
harmonics of 60 and 1000 cycles and checking these 
against 60-cycle house current or a 1000-cycle tuning 
fork oscillator by means of Lissajous figures on the os- 
cilloscope. The voltage applied to the bridge is easily 
measured on a voltmeter constructed from a 10-megohn 
resistor (10 watt rating, for low temperature change), a 
small full-wave instrument rectifier, and a d.-c. milliam- 
meter. This voltmeter was then calibrated against an 
electrostatic voltmeter. 

The bridge and its various switching arrangements are 


Figure 2. Front View of Bridge and Safety Cage 


connected as shown in Figure 4. Changeover from 
Schering to Wheatstone circuit is provided by means of 
plug-in connectors which select either the Schering cir- 
cuit (SCH) or the Wheatstone circuit (WH), and a 3- 
pole double-throw telephone-type toggle switch, which 
reverses the “3” and “4” arms. A small rotary switch 
is used for the guard-test selector. All connections in 
the low voltage part of the bridge were made with in- 


oe c xt ieee 
a et 
Te: 

















a 


VR’ 














ae | 


© O® 


a oO -“ 


AMP 




















To 
BRIOGE 


<s 
= 











Figure 3. Power and Safety Circuit 


M, master switch; Si—S:, door switches; P:i, normally closed push switch; 
P2, normally open push switch; S, selector switch for 60 cycles or power 
amplifier; Ri, Rz, two sides of a DPST relay; Rs, SPST relay in primary 
of amplifier power transformer; T7;, Variac; 72, high voltage 60-cycle 





4 Bousman, H. W., G. E. Rev., 35, 295 (1932). 
5 Forp, W. A., anv 8. I. Reynoxps, G. E. Rev., 36, 99 (1933). 
6 Fuoss, R. M., J. Am. Chem. Soc., 59, 1703 (1937). 


transformer; VR, voltage regulator; VM, voltmeter (high voltage); PL, 
pilot light. 

Lower left: oscilloscope, audio-oscillator, and power amplifier (see 
Fig. 2). 
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sulated No. 14 solid copper wire; RG 8/U coaxial cable 
was used for the connections to the high voltage compo- 
nents. All parts were suitably shielded. 
































Figure 4. Bridge Wiring Diagram 
SCH, Schering position; WH, Wheatstone position. 


The standard capacitor S was made from two con- 
centric brass cylinders. The outer cylinder comprised 
the high voltage electrode; the inner cylinder was di- 
vided into three parts lengthwise, the long center section 
being the test electrode, while the two shorter end sec- 
tions made up the guard rings. Lucite or Mycalex 
spacers are suitable for holding the assembly together. 
By carefully machining the parts, a standard may be 
made whose capacitance is accurately known from its 
geometry. A capacitance of 100 uyf is most useful for 
the range of unknowns generally encountered in ordi- 
nary laboratory work; however, if desired, the stand- 
ard may be constructed with the inner tube divided into 
several sections, each of which may be connected into 
either the guard or test circuits, giving a range of values 
of S. An auxiliary capacitor, consisting of a 0.001 uf 
mica condenser, should. be provided as a shunt to the 
guard line to provide charging current for the latter. 

The standard resistor R consists of two 50,000-ohm 
“blue sticks’ (G. E. No. QCK2673272, manganin 
wound) in series, mounted on a lucite plate in a metal 
box (for shielding purposes) equipped with a coaxial 
fitting at each end. An auxiliary resistor of 100,000 
ohms is provided for the guard circuit. The metal box 
is connected to a tap on the auxiliary resistor so ad- 
justed that the potential on the box is equal to the 
average potential along R, so that guard-test capacitive 
current may be a minimum. Since residual guard-test 
currents at balance are reflected as distributed capaci- 
tance in R, this adjustment may be made by measuring 
a test unknown of pure resistance and moving the tap to 
make this capacitance a minimum, as measured at Cs, 
with C, = 0. 

An alternative standard resistor of 10° ohms, consist- 
ing of a resistor (S. S. White Mfg. Company) mounted 
within a glass tube to protect it from moisture, is recom- 
mended to extend the range of the instrument. It may 
be mounted in the same box as the 100,000 ohm stand- 
ard. 
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The resistors R; and R, are decade resistance boxes of 
five decades each. R; has a maximum value of 111,110 
ohms and R, 11,111.0 ohms. C;, is a decade capacitor 
having maximum of 1.11 uf in three decades, with a con- 
tinuously variable air capacitor, 2200 uuf maximum in 
parallel as vernier adjustment. 

The bridge is usually operated with no capacitance in 
the “3’’ arm; however, for unknowns with very low 
tamgents, it will be found that C, cannot be made low 
enough to balance the bridge, due to residual capacities, 
and it will be necessary to add capacitance in the “3” 
arm to attain balance. Therefore, it is well to provide 
a set of terminals whereby this extra capacitance can be 
easily connected; we have used a set of jacks together 
with a General Radio type 509 1000 uuf fixed condenser 
of the plug-in type. 

The guard resistors Rg consist of a set of volume- 
control type potentiometers connected in series; a 
10,000-ohm, 500-ohm, and 50-ohm set is satisfactory. 
Protective fuses, indicated in Figure 4 by -z-, are con- 
nected between all leads entering the low voltage sec- 
tions of the bridge and ground. These consist of spring 
clips separated from the grounded panel by a sheet of 
cigarette paper; in the event of a short circuit in the 
high-voltage section (which would put high potential on 
the low-voltage components and render them unsafe), 
the current will “arc” through the paper and ground 
the bridge, thus protecting the operator. 

Suitable cells for the sample X have been described 
elsewhere.’ It is advisable to provide a shunt capac- 
itor for the test electrode of X: this will allow the 
measurement of unknowns having tan 6 = 1, in which 
range neither bridge operates with sufficient sensitivity. 
In a series of measurements of increasing loss tangent, 
for example, the Schering bridge is used until tan 6 ap- 
proaches unity. The auxiliary capacitor is then con- 
nected, parallel to the unknown, extending the measure- 
ments until the loss tangent of the combination ap- 
proaches unity, the value of the unknown being calcu- 
lated from the bridge reading and the known value of 
the shunt. At this point the loss tangent of the un- 
known alone exceeds unity, and the measurements may 
be continued without the shunt, using the Wheatstone 
circuit. 


DETECTOR 


The detector is a four-stage resistance-coupled ampli- 
fier, the rectified output of which is registered on a mi- 


croammeter. There are low-pass filters in the last 
three stages in order to provide frequency selective 
characteristics. 

The circuit diagram is shown in Figure 5. The first 
three stages use a type 1D5-GP tube which is a super- 
control pentode of the filament type; the 1H4-G used 
as the output tube is a low gain triode. Since the 
bridge midpoints, across which the detector is con- 
nected, are above ground potential, the entire detector 





7 Meap, D. J., anp R. M. Fvoss, J. Am. Chem. Soc., 61, 2047 
(1939). Also, see footnote b. 
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is floating with reference to bridge ground and is there- 
fore most conveniently powered by batteries. A sep- 
arate plate battery is used for the first tube to eliminate 
any coupling between stages through the power supply. 

The screen voltage of the first tube is adjusted for 
maximum gain consistent with high signal-to-noise ra- 
tio. Owing to the fact that the super-control feature of 
the 1D5-GP requires a comparatively large grid-bias 
change, screen voltage may vary depending on the set- 
ting of the sensitivity control. A small 1.5- or 3-volt 
battery may be required in addition to that shown in 
the diagram. 

There are two filament circuits. A panel light is 
powered by the filament battery for the last two stages. 
The on-off switch is switch $1; it includes three gangs 
which open the filament and bias circuits. Switch S2 
(not shown on the diagram) is a ten-position, four-gang 
switch which selects the desired capacitance values in 
the filters C2, C3, C4, and C,’. The sensitivity control 
varies the bias on the first three stages. 

The rectifier connected to the plate of the final ampli- 
fier through a 1 uf condenser is a peak limiter consisting 
of a miniature full-wave copper oxide rectifier with a 1.5- 
volt bucking battery across the d.-c. output.* This 
provides a low impedance shunt beyond the 1.5-volt 
level and thus serves to protect the microammeter. The 
output meter is a Weston model 301 microammeter, 50 
ua full scale. It has a resistance of approximately 1140 
ohms and is fused on the positive side by a 8AG-1/200- 
amp. fuse. Since the meter is a d.-c. instrument, it is 
connected across the d.-c. output of a full-wave instru- 
ment rectifier. 

Filters C, and C; are capacitors to ground which shunt 
the 250,000 ohm plate load resistors. Values were cal- 
culated from the relationship 


2xfCR = 1 (7) 


which results from equating resistance and capacitive 
reactance at the working frequency, above which the 
attenuation will rise sharply. Filters C, and C,’ are 
likewise capacitors to ground; they form a pi-network 
with the 10,000 ohm resistor between them. Capaci- 
tance values are calculated as above with R = 10,000 
ohms. 

All tubes are shock mounted, as is also the entire am- 
plifier when in place in the bridge console. This is a 
precaution against the production of microphonics 
which would be quite disturbing, ‘particularly in the 
first stage. All the tubes are shielded to reduce stray 
pickup. 

With none of the filter capacitors in the circuit, the 
frequency response cf the amplifier is reasonably flat to 
1000 cycles, the upper limit of reliability of the bridge. 
Although the response above this frequency decreases 
markedly, the overall amplification of the instrument is 
great enough so that it is possible to detect a signal of 
much higher frequency, provided that the background 
noise level is not too high. . 





8 Bousman, H. W., U.S. Patent 2,079,485, May 4, 1937. 


OPERATION 


Schering Bridge. After proper selection of applied 
frequency and voltage, the bridge is balanced by first 
adjusting R; (with R, fixed) to give a minimum deflec- 
tion on the detector, then adjusting C,, and again Rs, 
etc., until the best balance is obtained. The detector is 
then switched into the guard circuit (position G in Fig- 
ure 4) and R, balanced. The test circuit is then rebal- 
anced, repeating the cycle until both test and guard cir- 
cuits are in balance simultaneously. 

Since tan 6 = wC,R,, it is convenient to set R, to such 
a value that wk, = 1.000 < 10°; then C, in microfarads 
is equal to tan 4, 7. e., the bridge can be made direct read- 
ing in loss tangent. ' 


y 


Figure 5. Detector-Amplifier Circuit. (See the Table) 





Parts List for Amplifier 


Condensers. 

Ci 9.25 mfd. Paper 
C2, Cs, Cs . Paper 
4, Vs, Vil P: aper 

Cs, C,, Cy, Cu Pyranol 

Resistors (0.5 watt) 
250 K 
1 Meg. 

50K 





Ri, Rs, Re, Ry, Rio, Ris 
Re 
R;, Rs, Rs 


7) Ru, Ru 
12, 
15 
Ris 
Ri 
18 
Ris 
Rx 


SPST Three gang 
4-Gang 11 pos. freq. selector 


Si 
S, (Not shown) 





Wheatstone bridge. This bridge is balanced in the 
same way as the Schering bridge, except that it is fre- 
quently more convenient to make R, the variable arm 
instead of R;. When working with unknowns having a 
moderate conductance, it may be found that operation 
at high voltage levels causes a drift in balance due to 
the heating of the sample. In this event, it is necessary 
to make the balance in a series of approximations, shut- 
ting off the bridge voltage between readings to allow the 
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unknown to regain temperature equilibrium with the 
thermostat. 


CALIBRATION 


Resistance. The resistances are best calibrated on a 
d.-c. Wheatstone bridge against known resistance 
standards. For high quality resistance decades, the 
resistance at audio frequencies would not be expected to 
differ significantly from that measured on direct cur- 
rent. If No. 14 or larger wire is used for making the 
connections, lead resistances in the bridge will be negli- 
gible and need not be calibrated. 

Capacitance. It is best to calibrate capacitance C, in 
place in its final mounting position in the bridge, so that 
stray capacitance will be included in the calibration. 
This is done by measuring the capacitance between 
terminal S (Figure 4), and ground, with R, disconnected. 
A bridge such as a General Radio type 216 capacitance 
bridge, using a substitution method, is satisfactory for 
this operation. 

Capacity Errors. The application of equations (1) to 
(3) for the bridge balance implies that C; is zero when no 
capacitance has been connected into the “3” arm. Be- 
cause of the presence of stray capacities, however, this 
is not the case, but may be taken as a first approxi- 
mation when great precision is not desired. For work 
of high precision, equations (4) to (6) must be used, and 
the stray capacity C;* must be evaluated. From equa- 


tion (6), neglecting w?C;C,R;R, as small compared to . 


unity, we have 


(tan 8)/wo = CiRs + Cs*Rs 


(8) 


If we further assume that an error C,* in the absolute 
zero level of C, has also been made in the previous cali- 
bration, 


(tan 5)/w = CiR, + Cy*R, — Cr*R; (8a) 


WALTER JULIUS REPPE 


T'ue disclosure of what has come to be known as 
Reppe chemistry created quite a sensation among Ameri- 
can organic chemists, but not many of them know 
anything about the life and achievements of the 
founder of this acetylene high-pressure chemistry. 
Walter Julius Reppe was born on July 29, 1892, at 
Géringen, Kreis Eisenach, Thuringia. He studied 
mathematics, physics, and chemistry at Jena, and then 
at Munich where he received the Ph.D. degree on 
December 10, 1920. The following spring he entered 
the employ of the Badische Anilin und Sodafabrik at 
Ludwigshafen. After the usual training period with azo 
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For unknowns of low loss tangent, Ry ~ R;C,/S; then 
C.R, = (tan 5)/w + (Cs* — C.*C./S)R; _ (9) 


Therefore, if a trial unknown is measured at various 
settings of Ry, and C,R, plotted against R;, the data 
should yield a straight line of slope (C3;* — C,*C,/S). If 
this is done for several unknowns, and the slopes 
plotted against C,, a line should result whose intercept 
is @;*, and whose slope is C,*/S, so that both these er- 
rors may be corrected. 


PICKUP 


The term pickup as applied to alternating-current 
bridges denotes any effect upon bridge balance caused 
by currents induced into bridge components by stray 
electric or magnetic fields. It is most commonly indi- 
cated by a dependence of bridge balance upon activat- 
ing voltage, an abnormally large detector current at bal- 
ance, or the presence of a detector current when no volt- 
age is applied to the bridge. Such pickup may arise 
from a number of sources; the most serious pickup, 
however, usually arises from cables, power supplies, and 
other auxiliary apparatus associated with the bridge. 
Proper shielding will eliminate much of the pickup, but 
in many instances the altering of the positions of vari- 
ous components with respect to each other and to 
nearby apparatus is sufficient to eliminate most of the 
pickup. It is rarely possible or feasible to eliminate 
pickup entirely, but it is usually a fairly simple matter 
to reduce it to the point where it may be neglected. 
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dyes and dyestuff intermediates, he was assigned the 
problem of producing borneol from turpentine for the 
synthesis of camphor, and worked out a process which 
he carried through the semitechnical scale. In 1923 he 
was transferred to the indigo laboratory, and in addition 
to problems concerning dyes and low-temperature tar 
he worked mainly with the catalytic preparation of 
prussic acid from formamide, which he developed to 
the technical stage. His ten years of activity in the 
indigo, solvent, and artificial material division, of 
which he later was the deputy head, resulted in a great 
(continued on page 653) 





APPLICATION OF MICROSCOPIC FUSION 
METHODS TO INORGANIC COMPOUNDS 


A crear deal of work has been done during the past 
‘ several years on the application of fusion methods to 
the study of organic compounds (4, 6, 7, 8, 9). Al- 
though fusion methods can be applied to inorganic 
compounds in the same manner as for organic com- 
pounds, less attention has been given to inorganic 
applications. This neglect has been due perhaps to a 
feeling that the melting points of most inorganic com- 
pounds lie above the safe operating limits of ordinary 
microscopic equipment. 





Melting Points of Inorganic Compounds* 


MP. (°C) No. of 
Compounds 








0-100 
59 


> 1000 





* Salts of Ag, Al, As Ba, Be Be, Bi, Cb, Cd pc * Cu, on Hg, K, 
Li, Mg, Mn, Mo Na, NH, i, Pb, Re, Si Sn, Sr, Ta, Te, Ti, Tl, 
U, V, and Zn as found in ton? 8 “Handbook of Chemistry.” 





The table shows the results of a survey based on 
more than 500 inorganic compounds and indicates that 
over 40 per cent melt below 350°C. and consequently 
can be handled in the same manner as described pre- 
viously for organic compounds (7). Compounds melt- 
ing in this low-temperature range can be handled 
readily with ordinary hotstages. The Kofler stage 
might be mentioned as one of the best where controlled 
temperatures are desired. Hotstages operating above 
350°C. are not generally available. To fill this need 
two hotstages have been constructed to cover the range 
of temperatures up to 1000°C. 

The first of these hotstages is unique only in its 
simplicity and ease of use. It consists essentially of an 
aluminum block containing a slot to receive a micro- 
scope slide, and at right angles to this, in the center, 
a hole through which the sample is viewed. This block 
is wound with nichrome wire, wrapped with, asbestos, 
and mounted in a frame of asbestos boards. Ther- 
mometer and thermocouple wells are provided for tem- 
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Showing Details of Aluminum 


Figure 1. of Hotstag 


Block 





A, B, two halves of aluminum block. C, slot for receiving slide. D, hole 


for viewing sample. EZ, thermocouple well. F, thermometer well. 


perature measurement. The details of construction 
are shown in Figures 1 and 2. The most important 
feature of this stage is its use with an auxiliary lens 
system in conjunction with the microscope so that the 
hot preparation can be kept away from the microscope 









































Figure 2. Constructi of Hotstage Showing Block Mounted in its 


Support 


A, aluminum block. B, asbestos board. C, mirror and support. D, 
hole for viewing sample. £, slot for receiving slide. Thermometer and 
thermocouple wells are omitted from this drawing. 
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Figure 3. Hotstage Positioned for Use with Auxiliary Lens System 


objective. Figure 3 shows the stage positioned for 
operation. The hotstage is placed beneath the sub- 
stage assembly of the microscope, which is tilted so 
that its axis is perpendicular to the slot in the aluminum 
block of the hotstage. Being tilted at an angle of 
about 30° removes the microscope stage and lenses 
from the direct upward path of the heat. The sub- 
stage condenser is removed and a 32-mm. objective 
centered in its place. By moving the objective upward 
or downward using the rack and pinion, a real image of 
the preparation can be focused above the microscope 
stage and viewed as usual with the regular microscope 
optics. 

Satisfactory resolution is obtained with either a 32- 
mm. or 16-mm. objective on the microscope, and by 
using 20X or even 30X eyepieces, magnifications up to 
300X are possible. Since more than 100X magnifica- 
tion is seldom required for fusion studies this arrange- 
ment is quite satisfactory. Sustained working tem- 
peratures up to 500°C. are easily obtained with this 
apparatus. 

For temperatures greater than 500°C. a modified 
microfurnace is used, the construction of which is 
illustrated in Figures 4 and 5. The furnace core 
(Figure 4A) is a cylinder of a zirconium refractory 
material having an inner shelf for supporting the 
preparation (made to order by Leco Company, St. 
Joseph, Michigan). Its dimensions are: height, */, 
inch; O.D., */, inch; I.D., 1/2 inch; diameter inner 
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hole, '/, inch. To wind the core with resistance wire 
for heating, nichrome ribbon is wrapped around a 
1/,-inch bolt which is then inserted through the inner 
hole in the core (Figure 4B). This serves as a firm 
support on which a coil.of B & S No. 30 asbestos- 
covered nichrome wire is wound (Figure 4C). This 
coil is then coated lightly with Sauereisen, pulled into 
the core and, after removing the bolt, sealed over 
completely with Sauereisen (Figure 4D). The winding 
is completed by an additional layer of wire around the 
outside of the core a short distance above and below 
the inner shelf (Figure 4). If desired, the wall of the 
cylinder can be ground thinner at this point to receive 
the wire. 

The casing for the furnace is a box made of asbestos 
board with a 1/,-inch hole drilled through the center 
of the bottom board (Figure 5). The core is cemented 
in place over the hole and the sides coated with Sauer- 
eisen. The remaining space in the box is packed with 
asbestos for insulation. The top cover for the case is 
made with a removable section for access to the 
furnace. Windows for covering the top and bottom 
hole of the case are made of Vycor or fused silica and 
cemented in place. Since the high temperatures 


attained are confined to a relatively small space inside 
the furnace the outer casing remains only moderately 
hot when the stage is used for short heating cycles. 
For this reason the casing is made as large as the 
dimensions of the microscope stage permits, and the 
furnace may be used in the conventional manner on the 


Figure 4. Construction of Microfurnace (Description in Text) 
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microscope stage for periods of about one-half hour 
without excessive heating of the microscope. For 
longer periods of time the furnace is best used with an 
auxiliary lens system similar to the one described for 
the previous stage. The hotstage is supported on a 
tripod and a light source placed directly beneath. 
A 32-mm. objective is again used as an auxiliary lens 
and is centered above.the stage by a clamp and ring- 
stand arrangement. The microscope body tube is 
conveniently supported by a stand such as the Spencer 
Model shown in Figure 6. With this setup a magni- 
fication of 50X is obtained with the auxiliary lens placed 
6 cm. above the furnace. Figure 6 shows the stage 
set up for use with a binocular microscope. 

Temperature control 
for both hotstages is 
obtained by means of a 
voltage regulator in the 
circuit. For approxi- 
mate temperature meas- 
urement the dial of the 
voltage regulator or an 
ammeter can be cali- 
brated using compounds 
of known melting point; 
for more accurate meas- 
urement a thermocouple 
can be used. 

Finding a_ suitable 
material for use as slides 
and cover glasses at high 
temperatures presents 
some difficulties. Glass 
is not practical both be- 
cause of its low softening 
point and its high co- 
efficient of ‘expansion, 
which causes frequent 
breakage on cooling. 
Chemical reaction also 
frequently takes place at elevated temperatures re- 
sulting either in contamination of the preparation or 
etching of the slide, thus ing observations difficult. 
Since there is very little information on reactions and 
solubility at temperatures‘around 1000°C., the prob- 
lems of the slide and cover glass resolves into a trial 
and error process to find Gne*suitable for the particular 
system being studied. Several substances have been 
found most satisfactory. Fused silica slides of the 
same size as ordinary microscope slides can be obtained 
from many supply houses. They are excellent for use 
with the inclined stage and may -be cut down for use 
with the microfurnace, although their thickness is 
objectionable. Thin plates about 1 inch by '/2 inch 
cut from boules of artificial sapphire have been ob- 
tained through the courtesy of R. G. Waindle, Aurora 
National Watch Company, Auorora, Illinois, and are 
very satisfactory for most systems. However, unless 
cut exactly perpendicular to the optic axis they are not 


Figure 5. Casing for Microfurnace 


Figure 6. Microfurnace Set up for Use with Auxiliary Lens System 


suitable for use with polarized light. Optical quality 
“Magnorite” (periclase) can be obtained from the 
Norton Company, Chippawa, Ontario, in limited 
quantity. Its melting point is about 2800°C. and at 
temperatures near 1000°C. it is quite inert. MgO 
belongs to the cubic system and is therefore isotropic. 
Furthermore, it exhibits perfect cubic cleavage and 
can therefore be cleaved to give thin cover glass and 
slides having dimensions up to '/2 XK '/2 X '/se inch. 
It transmits without appreciable absorption between 
2200 and 60,000 A. (3). A synthetic mica has been 
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Figure 7. Phase Diagram for Snli-SblI: 


reported recently in which the hydroxyl groups have 
been replaced by fluorine (5). This eliminates the 
objection to natural mica of opaqueness caused by 
liberation of water at higher temperatures. Parallel 
plane cleavage is still obtained, as with the natural 
mica, making this substance desirable for some systems. 
Almost colorless flakes of carborundum can be ob- 








Mixed Fusion of Snli (Upper Right) and SbI: (Lower Left), 
Before Solidification of Eutectic 


Figure 8. 
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Figure 10. Crystals of KCl (Left) and AgCl (Right) Grown from Melt 


The fine-grained appearance of the KCI is due to sublimed crystais on the 
cover glass. 
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tained, which are resistant to most nonoxidizing melts. 

Using one of the hotstages described above (de- 
pending upon the temperature range), all of the fusion 
techniques previously described as applicable for 
organic compounds (7) may be extended to inorganic 
compounds having melting points up to 1000°C. 
The techniques and theory for the determination of 
identity, purity, optical properties, polymorphism, 
phase diagrams, crystal growth mechanisms, etc., 
remain unchanged. Specific example of the applica- 
tion of these methods to inorganic compounds are illus- 
trated by Figures 7 to 13. 

The phase diagram for the binary system Snl,- 
SbI; (Figure 7) was determined by the usual micro- 
scopic technique. Temperatures were determined by 
the Kofler hotstage, and the eutectic composition by 
following melting of mixtures of known composition. 
The preliminary mixed fusion used to determine the 
general type of diagram is shown in Figures 8 and 9. 

Fusion preparations of Snl,, SbI;, uranyl nitrate 
hexahydrate (2) ‘and Zitic acétate dihydrate (1) illus- 
trate well the similarity in appearance between in- 
organic compounds and organic compounds as grown 
from the melt. 

In Figure 10 potassium chloride and silver chloride 
are shown as grown from the melt. In this case the 
silver chloride was melted at the edge of the cover glass 
so that it ran under and into contact with the potassium 
chloride which had solidified. The preparation was 
then cooled quickly by removing from the hotstage 
before any appreciable solution had taken place. 
Figure 11 shows the preparation after remelting and 
cooling again. Both compounds have crystallized 
in thin transparent films except in the zone of mixing, 
where the dendritic habit can be seen beneath the 
nearly opaque eutectic. The melting point of this 
eutectic (AgCI-KCl) determined on the Kofler hot- 
stag? is 317°C., differing from the 306°C. value given 
in the literature (10). The eutectic composition was 
found to be 30.3 mol per cent potassium chloride, which 
agrees well with the accepted value of 30.5 per cent. 








Figure 11. Mixed Fusion of KCl (Left) and AgCl (Right) 
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Isotropic compounds which tend to crystallize in 
transparent films without conspicuous markings can 
often be rendered visible and sometimes recognized by 
the shrinkage cracks which appear when the prepara- 
tion is cooled quickly. The preparation of sodium 
chloride shown in Figure 12 illustrates this behavior 
well. An interesting note on the behavior of KCl 
and NaCl is that both compounds sublime rather 
readily at temperatures near their melting points. 





Figure 12. Crystals of NaCl Grown from Melt 


Polymorphic transformations are easily recognized 
in many inorganic compounds. As an example, Figure 
13 shows the transformation of mercuric iodide from 
the yellow rhombic form to the red tetragonal form 
taking place at a temperature of 126°C. The trans- 
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formations of sodium sulfate from the rhombic to 
monoclinic (100°C.) to hexagonal (500°C.) forms are 
more subtle, being evidenced only by a slight change in 
polarization colors when viewed by polarized light 
between crossed nicols. 


Figure 13. Polymorphic Transformation of Hgl: from Its Rhombic 
(Yellow) to Its Tetragonal (Red) Forms 


The photomicrograph on the right was taken about 10 seconds after the 
one on the left, after the preparation had cooled through the transition 
temperature. 
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WALTER JULIUS REPPE 
(continued from page 648) 


number of technical processes, all characterized by 
fundamentally novel technical procedures. The most 
important were: the hydrogenation of acetaldehyde to 
ethanol, of crotonaldehyde to butanol and butyralde- 
hyde; the catalytic preparation of ethyl- and butyl- 
amines from acetaldehyde; the synthesis of acrylic 
ester from ethylene, as well as the preparation of buta- 
diene by the classic four-step process. Procedures for 
producing ethylene by cracking of oils and by hydro- 
genation of acetylene were followed by the entire ethyl- 
ene chemistry, namely ethylene chlorohydrin (new 
tower process), ethylene oxide, glycols, glycol ether, 
etc. 

In 1934 Dr. Reppe was made head of the newly 
created intermediate products and synthetic thaterials 
laboratory; in 1937 he was appointed Prokurist, and 
in 1939 became a director of the I. G. Farbenindustrie 


Aktiengesellschaft. The direction of the main labora- 
tory was entrusted to him in 1938, and the entire re- 
search program at the Ludwigshafen-Oppau works was 
put under his charge in 1949. 

His first experiments with acetylene under pressure, 
which formed the basis of Reppe chemistry, date from 
around 1928. This new domain of organic procedures 
embodies a large number of fundamental syntheses 
which, starting from the simplest building stones, make 
possible the production of homologous classes of com- 
pounds, which hitherto were not accessible or were only 
so with extreme difficulty. They, together with their 
subsequent products, span a wide domain of organic 
chemistry. The concurrent use of new types of catalysts 
resulted in a host of new reaction possibilities, which 
Reppe grouped in four main categories: (a) vinylation, 

(continued on page 658) 





THE DDT-TYPE COMPOUND AS SOURCE 
MATERIAL IN ORGANIC SYNTHESIS' 


Becauss of the insecticidal importance of DDT (2,2- 
bis-(p-chlorophenyl)-1,1,1-trichloroethane) at the pres- 
ent time, there are available large quantities of techni- 
cal, aerosol, and purified grades of this material at a 
very reasonable cost. In addition, the actual labora- 
tory synthesis of DDT is not difficult nor does it call for 
expensive starting materials or for elaborate equip- 
ment. This holds true for most reported analogues and 
homologues of p,p’-DDT, which may be synthesized in 
good yields by the same basic procedure. DDT and 
these analogues will undergo a variety of degradation 
reactions leading to a large number of products of pos- 
sible interest as synthetic intermediates. Many of 
these products have not heretofore been obtainable in 
such a facile manner nor in such good yields. It is the 
purpose of this paper to present a general picture of the 
synthesis of DDT-type compounds and to indicate the 
various interesting products that may be degraded 
therefrom. However, it is not to be inferred that all 
analogues or homologues of DDT when treated under 
identical conditions will give analogous products. 
Usually the possibility of exceptional behavior may be 
anticipated or will readily become manifest through ab- 
normal properties of the reaction products obtained. 

Technical grade DDT and the majority of its ana- 
logues are most easily obtained by the condensation of 
chloral or chloral hydrate or alcoholate with a substi- 
tuted aromatic hydrocarbon (1). This reaction gives a 
mixture of at least fourteen compounds (2), with ordi- 
narily about 70 to 75 per cent as the p,p’-DDT-type 
compound. Extensive studies of the reaction (1, 3) 
have raised the yield of the p,p’-isomer somewhat, but 
two or three recrystallizations of the reaction solids 
from 95 per cent ethyl alcohol in slight excess will usu- 
ally yield crystalline p,p’-isomer of sufficient purity for 
synthetic work. For low-melting reaction material, 
one or two distillations under reduced pressure will af- 
ford the same results. Of course, reaction conditions 
will vary for the preparation of certain of the analogues, 
and the preparation of mixed analogues, e. g., the p- 
chloro-p’-iodo analogue or the o-chloro-p’-chloro isomer, 
will differ, but nonetheless they may prove of value in 
the over-all scheme for source materials. 
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In the table are presented thirty-two representative 
analogues of DDT with references to their published 
syntheses. Actually, many hundreds of DDT-type 
compounds have been recorded in the recent literature; 
these include nearly every conceivable type of substitu- 
ent in the aromatic rings, as well as a wide variety of 
other substituents on the methylene carbon atom, as re- 
corded in not less than seventy-five separate publications 
since 1945. 





Analogues of DDT 
R,R.-CH-CCl; 
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64 
74 
96 
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42-45 
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4BrCH.C.H, 
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4CH;,CONHC,.H, 4CH;CONHC,H, 
C,HS C.HS 
5CIC,H,S 5CIC,H,S 
5BrC.H;S 5BrC.HS 
51C,H3S 51C.H3S 
4CH;C.H:S 4CH,C,H;S 
5CH;C.H;S 5CH;C.H,S 


94-95 

95 
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70-71 





When DDT is used as an insecticide under certain 
field conditions of maximum surface exposure, diurnal 
variations in temperature and humidity, and intense ir- 
radiation in the “far” ultraviolet, it is slowly degraded 
into what are presumed to be innocuous compounds. 
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It has been proposed (17) that the degradation reaction 
series is as follows, at least in part: 
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The evidence to support this proposal rests upon the 
isolation of compounds II, ITI, TV, and VII. When so- 
lutions of purified DDT were irradiated with ultraviolet 
light in the absence of air, 2,3-dichloro-1,1,4,4-tetrakis- 
(p-chlorophenyl)-2-butene was obtained instead of the 
expected II; in the presence of air, IV was obtained 
(18). The effects of heat, iron salts, and other impuri- 
ties upon these reactions under actual field conditions 
have not been evaluated precisely. However, these 
demonstrations of decomposition under field conditions 
do illustrate the ease of degradation of the DDT-type 
molecule, and serve to emphasize the flexibility of prod- 
ucts that may be achieved. 

With reference to the degradation of DDT-type com- 
pounds as practicable synthetic procedures in the labor- 
atory, the attempt has been made to include only those 
published in the more readily available journals. In 
addition, only those procedures affording yields equal 
or superior to other published methods of securing 
the desired end products have been used. 

Key reactions involved in the degradation of the 
DDT-type compound may be formulated as follows, 
with R; and R, representing almost any conceivable sub- 
stituents (see the table): 
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Reaction 1: A solution of VIII in carbon tetrachloride 
can be chlorinated for three hours in the presence of a 
trace of phosphorous trichloride and sunlight. The re- 
action mixture contains a 93 per cent yield of IX (19). 

Reaction 2: Refluxing an absolute alcoholic solution 
of VIII with an excess of potassium hydroxide for a few 
minutes affords an 81 per cent yield of X (19). 

Reaction 3: A six-hour refluxing of a solution of VIII 
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and potassium hydroxide in the mixture of diethylene 
glycol and water that boils at 134-137°C. will yield 70 
per cent of XI (20). 

Reaction 4: An ethylene glycol solution of VIII and 
potassium hydroxide, when refluxed for 6 hours, will 
yield a theoretical amount of XII (21). 

Compound IX, in turn, can readily be converted into 
a number of interesting compounds, all of which are suf- 
ficiently reactive to indicate a multiplicity of secondary 
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Reaction 5: After heating [X to just 160°C., a trace 
of anhydrous ferric chloride is stirred into the melt. 
The cooled solid affords an 85 per cent yield of XIII 
(22). 

Reaction 6: When a mixture of XIII, glacial acetic 
acid, and water in a sealed tube is heated to 160-175°C. 
for 36 hours, there is obtained an 89 per cent yield of 
XIV (22). This is an alternative to reaction 8. 

Reaction 7: When an absolute alcoholic solution of 
XIII is refluxed with zinc dust for 48 hours, there is ob- 
tained a 39 per cent yield of XV (22). 

Reaction 8: A 56 per cent yield of XIV is afforded by 
treating IX with 98 per cent sulfuric acid at 90°C. for 
14 hours (23). 

Reaction 9: When XIV is added to a mixture of 5 per 
cent sodium hydroxide solution and 3 per cent hydrogen 
peroxide solution at 65-70°C. with continued heating 
for 15 minutes, there results a 61,5 per cent yield of 
XVII (23.) 

Reaction 10: A solution of XIV in absolute ethyl ether 
shaken with potassium hydroxide for four days will 
yield 81 per cent of XVI (24). 

Reaction 11: A reduction of XVI will occur when it is 
treated with red phosphorus and hydriodic acid in gla- 
cial acetic acid for 2'/, hours, to afford a 94 per cent 
yield of XI (25). This is an alternative to reaction 3. 

As mentioned previously, compound X is probably 
the key compound for all of the preceding series of reac- 
tions, for it apparently will undergo all of these reac- 
tions as well as many more here listed for the DDT-type 
compounds. However, only its two more important 
direct reactions will be emphasized : 
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Reaction 12: A solution of X in glacial acetic acid is 
slowly treated with a solution of chromium trioxide in 
glacial acetic acid and refluxed for 1'/; hours to afford a 
52 per cent yield of XVIII (7). 

Reaction 13: When a solution of X in chloroform is 
chlorinated in the dark for 6 hours, there results a 70 
per cent yield of [IX (/9). This is an alternative to 
reaction 1. 

The most versatile of the degradation products yet 
encountered is probably compound XVIII, since it will 
undergo a large variety of interesting reactions, of 
which the following are illustrative: 
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Reaction 14: When a solution of XVIII in ethyl 
alcohol is stirred with sodium hydroxide and zinc dust 
for 3 hours, it is reduced to XIX in 96 per cent yield 
(26). Also, a 98 per cent reduction is achieved when a 
solution of XVIII and metallic sodium in isopropyl 
alcohol is exposed to sunlight (27). 

Reaction 15: A Grignard reaction of methyl mag- 
nesium bromide with XVIII results in an 89 per cent 
yield of XX (28). 

Reaction 16: By refluxing for 1 hour a solution of XX 
in concentrated sulfuric acid, there is obtained an 88 
per cent yield of X XI (28). 

Reaction 17: A solution of XXI in absolute ethyl 
alcohol can be hydrogenated in the presence of Adams’ 
platinum black catalyst for 30 minutes and 30 pounds 
pressure to yield 62 per cent of XXII (28). 

Reaction 18: A Grignard reaction of phenyl mag- 
nesium bromide with XVIII results in a 90 per cent 
yield of XXIII (29). 

Reaction 19: Formamide reacts with XVIII when 
heated to 175°C. for 6 hours to give an 84 per cent 
yield of XXIV (30). 

Reaction 20: Hydrolysis of XXIV is accomplished 
by heating for 6 hours with methanolic potassium 
hydroxide to yield 89 per cent of XXV (30). 
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Reaction 21: A solution of XVIII in benzene and 
ethyl ether, in the presence of magnesium and mag- 
nesium iodide, affords a 94 per cent yield of XXVI 
(31). Also X XVI is obtained by photosynthesis from 
XVIII in isopropy! alcohol and a trace of glacial acetic 
acid in a 93 per cent yield (32). 

Compound XIX may readily be transformed to give 
these useful compounds: 
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Reaction 22: A solution of XIX in glacial acetic 
acid is reduced by phosphorus and hydriodic acid in 
24 hours to give 75 per cent of XII (33). This is an 
alternative to reaction 4. 

Reaction 23: By refluxing XIX for three hours with 
constant boiling hydrobromic acid, there results 46 
per cent of XX VII (x = Br) (34). Also, when a solu- 
tion of XIX in absolute ethyl ether is treated with 
hydrogen chloride in the presence of calcium chloride, 
there results a 50 per cent yield of XXVII (x = Cl) 
(35). 

Reaction 24: The Ciena reaction of XXVII 
with methyl magnesium bromide affords an 85 per 
cent yield of XXVIII (28). 

Some of the more interesting reactions of compound 
XXVI are as follows: 
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Reaction 25: The rearrangement of X XVI is induced 
by refluxing it for 5 minutes with iodine in glacial 
acetic acid to give a 95 per cent yield of XXIX (36). 
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Reaction 26: Hydrolysis of XXIX is aecomplished 
with alcoholic potassium hydroxide with 95 per cent 
yield of XXX (32). 

Reaction 27: Rearrangement and dehydration of a 
solution of XXIX in benzene and ethyl ether is ac- 
complished by refluxing it for 20 hours with magnesium 
and magnesium iodide to yield 92 per cent of XXXI 
(37). 

Reaction 28: Chlorination of a solution of XXXI 
in carbon tetrachloride at 0°C. yields 95 per cent of 
XXXII (38). 

Reaction 29: A solution of XXXII in chloroform 
at 0°C. reacts in the presence of stannic chloride in a 
few hours to yield 90 per cent of XX XIII (38). 

This compilation of twenty-four distinct type com- 
_ pounds derived from the DDT-type compound by 
means of 29 different reactions is by no means all- 
inclusive, as has been indicated previously. There is an 
unlimited number of useful products available from the 
DDT-type compound for those who seek them. It 
must be emphasized again, however, that certain groups 
present upon the benzene rings interfere in some of the 
reactions. For example, alkyl radicals on one or both 
of the benzene rings will usually be oxidized in reaction 
12. Also, aryl fluorides may tend to hydrolyze when 
subjected to strong alkaline or acid conditions. None- 
theless, the possibilities for the use of the DDT-type 
compound as a starting material in organic syntheses 
are impressive. An outstanding illustration of this 
fact may be found in the recent description of the total 
synthesis of the chloro analogue of the analgesic 
Methadone from DDT as the starting material (39) : 
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The current development of two methods for in- 
corporating carbon-14 into the aliphatic portion of the 
DDT-type molecule renders the preceding series of re- 
actions additional importance for radiological studies 
of modes of action and mechanisms of reaction. Al- 
though neither of these syntheses is stoichiometrically 
adequate from yield considerations, both of them would 
seem to be worth scrutiny for possible applications to 
suitable problems. 

One of these syntheses involves five steps (40) and 
the other involves six steps (44): 
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Reaction 30: Radio p-chlorobenzoic acid can be 
prepared in near quantitative yield from barium car- 
bonate (41). 

Reaction 31: Conversion of this acid to the aldehyde 
may be accomplished either by conversion to the acid 
chloride followed by a Rosenmund reduction, in low 
yield, or by methylation and conversion to the hy- 
drazide with subsequent hydrolysis to the desired alde- 
hyde in 60-70 per cent over-all yield (42). 

Reaction 32: The condensation of this aldehyde with 
chloroform is the bottleneck in this reaction series, 
affording a yield of at best only 20-30 per cent. This 
reaction was examined in considerable detail, but an 
improvement of the yield as originally obtained by 
Howard (43) was not achieved. 

Reaction 33: The last step, condensation of the car- 
binol with another molecule of chlorobenzene, affords 


the desired p,p’-DDT in good (about 70 per cent) 


yield (1, 2, 3). - 

When based upon barium carbonate, the total over- 
all yield of desired product is approximately 14 per cent 
via the hydrazide path. Even lesser yields are secured 
when the Rosenmund reduction is incorporated into the 
series. 

Reaction 34: The acid chloride in benzene solution 
is reacted with cold ethereal diazomethane, then in the 
cold with dry hydrogen chloride to give p,a-dichloro- 
acetophenone in 88 per cent yield. 

Reaction 35: This ketone in an equal volume of 
trichloroacetic acid on treatment with chlorine for two 
days at 120—125°C. affords the tetrachloroacetophenone 
in 93 per cent yield. 

Reaction 36: Reduction of the above ketone with a 
small excess of 3N aluminum isopropoxide in isopropyl 
alcohol gives the carbinol in 95 per cent yield. ; 

When based upon barium carbonate, the total over-all 
yield of desired product in this series of reactions is 
calculated to be about 50 per cent, assuming reaction 
33 to be 70 per cent efficient. 

Because of renewed interest in the chronic toxicity 
of DDT and the unquestioned development of resist- 
ance of certain insects to this compound, it would 
seem that much worth-while information might be 
obtained by utilizing radio-labeled p,p’-DDT and its 
analogues, and their degradation or other reaction 
products as here presented, in such investigations. 
The current commercial availability of carbon-14- 
labeled benzene and toluene and carbon-14 methyl- 
labeled ethanol (Tracerlab) makes possible the prepara- 
tion of DDT analogues and homologues radio-labeled 
in the ring and in the 1-position as well. 

These facts in conjunction with the delineated variety 
of compounds discussed here may serve ultimately 
to expedite work on the mechanisms of action of in- 
secticidal molecules, in addition to possessing unusual 
interest as synthetic sources for other materials. 
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WALTER JULIUS REPPE 
(continued from page 653) 


(b) ethinylation, (c) cyclization, (d) carbonylation. 
These may be illustrated by the following examples: 
(a) the preparation of vinyl ethers from alcohols, 
phenols, naphthols, etc., and acetylene; (b) the syn- 
thesis of butynediol from technical formaldehyde and ~ 
acetylene, which represents not only a valuable new 
method for butadiene, but in addition provided the key 
reaction for an unforeseeable number of products for 
all fields of application; (c) the cyclization of acetylene 
to cyclooctatetrene; (d) the preparation of acrylic 
ester directly from carbon monoxide, acetylene, and 
alcohols. The working out of techniques for safe han- 
dling of acetylene under high pressures is certainly one 
of the greatest advances in modern chemical technology. 

Of no less importance than his scientific achievements 


are his studies of the translation of laboratory findings 
to the pilot plant and when necessary to full factory 
scales. It is a particularly happy circumstance that 
Dr. Reppe combines within himself the scientist skilled 
in dealing with problems in a small painstaking way, 
and the technologist, long-range planner, and de- 
veloper of full-scale chemical industry. 

Honorary doctorates have been conferred on him by 
the Technische Hochschule in Munich and the Uni- 
versity of Heidelberg. He holds the Adolf von Baeyer 
medal of the German Chemical Society and the Gauss 
medal of the Braunschweigische Wissenschaftliche 
Gesellschaft. He is a member of the Kaiserliche Leo- 
poldinisch-Carolinisch Deutsche Akademie der Natur- 
forscher zu Halle. 





THE ACTIVITY SERIES OF THE METALS 


Virrvaty every lecture room used for the presenta- 
tion of basic courses in chemistry bears on its walls two 
charts: some form of the periodic table and a vertical 
listing of the metals in order of decreasing activity. 
These are important and useful guides to generaliza- 
tions without which the teaching of general chemistry 
would be a most difficult enumerating of the basic facts 
of chemical behavior on the one hand and the develop- 
ing of theoretical atomic structure concepts on the 
other. The periodic law and forms of the periodic 
table which lend emphasis to the concepts of atomic 
structure generally receive a great deal of interpreta- 
tion both by textbook authors and by teachers contribut- 
ing to Tu1s JouRNAL. It is the purpose of this discus- 
sion to indicate how some of these same concepts of 
atomic structure can be correlated with the position 
which a metal occupies in the activity series. 

A great many general chemistry textbook authors 
agree that the place in the course to introduce the “‘ac- 
tivity” series of the metals is in connection with the re- 
actions utilized to replace hydrogen from its compounds. 
Some choose to identify the series by its more accurate 
title ‘“Electromotive Force Series.” The order in the 
series usually is indicated by observations of laboratory 
or lecture demonstration experiments of the ease with 
which active metals such as sodium or calcium displace 
hydrogen from the weak acid water as compared to the 
more difficult reduction of hydrogen from the stronger 
acids by the less active zinc, iron, etc. These reactions 
are utilized as early illustrations of oxidation-reduction 
and the stage is set for an appreciation of the obvious 
electrical nature of many chemical reactions; Some 
authors tie together the contrasting concepts ‘ot stabil- 
ity and activity by discussing the ease of oxide reduc- 
tion relative to the metal’s place in the series. The use- 
ful table in the cover of the Hopkins-Bailar' books or 
the table in Richardson-Scarlett? are examples. Schle- 
singer* shows how a close parallel-exists between the or- 
der of the reactivity of the metals and the arrangement 
based upon the magnitude of the heat evolved when 
gram equivalent weights of their chlorides or oxides are 
formed. Nearly all texts contain later chapters on ele- 
mentary electrochemistry where the series is again pre- 
sented from the point of view of electrode reactions. 
The displacement tendencies noted in the earlier de- 





1 Hopkins, B. 8., anp J. C. Baruar, “Essentials of General 
Chemistry,’ D. C. Heath and Co., Boston, 1946. 

2 Ricnarpson, L. B., anp A. J. Scaruert, ‘General College 
Chemistry,’ 4th ed., Henry Holt and Co., New York, 1947, p. 119. 

* Scutesincer, H. I., “General Chemistry,” 4th. ed., Long- 
mans, Green and Co., New York, 1950, pp. 166 ff. 
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scriptive chemistry are given some quantitative signifi- 
cance in terms of electrical potentials or driving forces. 
In the interval between these two discussions the stu 

dent has probably learned a good deal about the struc- 
ture of matter. |He has become acquainted with elec- 
tron distributions, ionization potentials, and possibly 
some understanding of the types of bonds operating in 
the solid state. The periodic table has become a very 
useful ally in predicting chemical properties of less famil- 
iar substances and in correlating familiar information 
with theory. It is quite likely that he puzzles over the 
discrepancies which appear to exist between the posi- 
tion of some metals in the series and the prediction of 
properties which he can make from the periodic table. 
Lithium’s position is a particular case. Another is the 
big difference in the order of such neighbors as iron, 
cobalt, nickel, copper, and zinc. 


FACTORS WHICH ESTABLISH A METAL’S ACTIVITY 


Deming‘ gives a brief statement of “what determines 
the position of a metal in the activity series.”” He em- 
phasizes that the reaction upon which a metal’s place in 
the series is determined is not a simple oxidation or ion- 
ization. It is rather the complete process of changing 
an atom of a metal from its environment in the solid 
piece into an ion in aqueous solution where it is usually 
hydrated. This over-all process can be represented by 
the sum of three separate steps. The total energy like- 
wise comprises the sum of the energy requirements or 
contributions of the individual steps. These steps are: 


(1) M (atoms in crystal) — M (atoms in gas) 


This reaction is invariably endo-energetic. The heat 
energy requirement can be considered to be that for the 
sublimation of the metal. 


(2) M (atoms in gas) — M** (free ion) + ne 


This reaction likewise is invariably endo-energetic. 
The heat energy requirement can be considered to be the 
ionization energy (not to be confused with the ioniza- 
tion potential to be mentioned later). 


(3) M"* (free ion) + aq. — M** (aq.) 


This reaction is exo-energetic. The heat energy 
evolved, can be calculated from heats of hydration or 
from heats of solution of comparable ionic salts. The 
algebraic sum of these quantities yields a figure which 
can be interpreted as being a measure of the comparable 
“activity” of the metals. Actually this figure is the 
same as that known thermodynamically as the AH® of 


4 Demina, H. G., “Fundamental Chemistry,” 2nd. ed., John 
Wiley & Sons, Inc., New York, 1947, p. 303. 
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Figure 1. Energy Relationships Which Determine the Activity of a 
Metal (at 25°C.) 


formation. It is the heat of the reaction forming a mol 
of hydrated ions from a mol of the metal in its standard 
state. 

Data of this type is presented in Table 1 and graphi- 
cally in Figure 1. A representative list of metals was 
chosen for which complete data were available. They 
are arranged in Figure 1 so that the metals decrease in 
activity going from left to right. The horizontal axis 
in units of decreasing electrode potential toward the 
right can be thought of as an “activity” axis in a manner 
similar to the usual vertical representation of the series 
from top to bottom. The usual thermodynamic con- 
vention has been employed of designating the heat ab- 
sorbed by a reaction as positive; negative values imply 
the release of energy. The values are, of course, rela- 
tive to the assigned value of zero for the heat involved 
in the over-all reaction producing hydronium ions from 
elemental hydrogen gas. The horizontal axis of the 
figure represents the normal electrode potentials as tab- 
ulated by Latimer.5 The heats of reaction for each 
step were calculated for one gram equivalent weight of 


5 Latimer, W. M., “Oxidation Potentials,’ Prentice-Hall, 
Inc., New York, 1938. 
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the metal from the data (all at 25°C.) in the National 
Bureau of Standards Tables.® 

The manipulation of the data for cadmium can be 
used for illustration. The tables give the AH of forma- 
tion from the crystalline metal of Cd(g) as 26.97 kg.- 
cal./mol; Cd*++(g) as 627.1 kg.-cal./mol; and Cdt++ 
(aq.) as — 17.3 kg.-cal./mol. Each of these values is 
divided by two to give figures for one gram equivalent 
weight. The 13.5 kg.-cal. for sublimation is subtracted 
from half of 627.1 to give 300.1 kg.-cal. as the heat ab- 
sorbed in producing one gram equivalent weight of cad- 
mium ions from that weight of cadmium gaseous atoms. 
The heat of hydration is calculated as the heat evolved 
to supply the 313.6 kg.-cal. necessary for sublimation 
and ionization and still allow for the evolution of — 8.7 
kg.-cal. of heat which is the heat of formation of one 
gram equivalent weight of Cd+* (aq.). 

It will be noted that when the sum of these three en- 
ergy steps for a gram equivalent weight of each of the 
metals is plotted against the normal electrode potential 
for that metal a straight line can be drawn which very 
nearly includes all points. A somewhat more detailed 
discussion of the location of points off the line will follow 
later. The approximately linear relationship has the 
following implications: 

(1) To a first approximation, the net exothermic 
character of the reactions producing ions in solution 
from crystalline metals is a measure of the “activity” of 
that metal. This loose equating of exothermic reaction 
energy to reaction tendency is ordinarily an easy con- 
cept for the beginner. Indeed, he has a historical pre- 
rogative from the early workers in thermodynamics. It 
should be emphasized that the true quantitative meas- 
ure of a reaction’s tendency to proceed is the free energy 
decrease rather than the total energy as here described. 
This relationship is dealt with later. However, realiz- 
ing that the electrode potential is thermodynamically 
valid as a measure of the spontaneity of a reaction (free 





6 “Selected Values of Chemical Thermodynamic Properties,” 
Series I, National Bureau of Standards, Washington, 1950. 





TABLE 1 

Energy Data for Metals in the Activity Series (Kilocalories 
per Gram Equivalent Weight at 25°C.) 

Normal Subli- Hydration 

electrode mation energy 

Metal potential energy 
i 3.02 37.1 
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energy decrease), the approximate linearity demon- 
strated by the graph does lend strength to the qualita- 
tive argument. 

(2) All of the usual corollaries of the activity-series 
concept can be retained and further amplified. For ex- 
ample, predicting the amount of energy evolved or the 
vigor with which a displacement reaction will occur has 
@ meaning in terms of the difference between the verti- 
cal positions of the two elements on the solid line. 

(3) If the exothermic nature of the over-all reaction 
is allowed as a measure of a metal’s relative “activity,” 
it should be possible to examine each of the contributing 
steps in terms of structural concepts to gain some under- 
standing of why the metals are arranged in the list as 
they are. 


ATOMIC STRUCTURE INTERPRETATIONS 


The concepts of atomic structure which usually 
are employed in discussions of the periodicity of 
atomic properties are the ionization potentials, atomic 
and ionic size, and the arrangement of the electrons 
which contribute most to the atom’s interactions with 
other atoms, the valence electrons. This pertinent in- 
formation for the metals of this series is collected .in 
Table 2, following the order established in Table 1. 
The ionization potential data are from Herzberg’ and 
the atomic and ionic radii are from Wyckoff*. These 
data are presented graphically in Figure 2 and Figure 3, 
using a horizontal axis identical with that employed in 
Figure 1 to facilitate comparisons. 

Many general chemistry textbooks present a plot of 
the first ionization potential of the elements against 
their atomic number. Students frequently associate 
“metallic” properties with the fact that an element oc- 
cupies a valley in such a graph. This conclusion is in 
harmony with the observation that these same elements 
are also found toward the left side and toward the bottom 
of the periodic table, where low ionization potential is 
predictable from electron 
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lar. For example, zinc has the highest potential re- 
quired for ionization, yet it is still to be considered as a 
relatively active metal. The absence of any consistent 
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feature in this plot indicates that any implied criterion 
of low ionization potential for pronounced metallic ac- 
tivity in the usual chemical sense certainly must be 
modified. The line connecting the second ionization 
potentials for the divalent metals with the first for the 





configurations. For the 
metals of the series under 


TABLE 2 


Atomic Structure Data for the Metals in the Activity Series 





discussion here, it can be 
seen from Figure 2 that the 
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7Herzperc, G., “Atomic 
Spectra and Atomic Structure,” 
2nd. ed., Dover Publications, 
New York, 1944, p. 200. 
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monovalent and the third for trivalent aluminum repre- 
sents the potential required to produce the ions which 
actually exist and has a contour like that of the upper 
line in Figure 1. This further emphasizes the necessity 
for the consideration of other factors, since these data 
alone would predict a much higher place in the series for 
silver and conversely place aluminum far toward the 
bottom. 

An examination of the contour of the second line of 
Figure 1, the representation of the sublimation energy, 
is illuminated by a comparison with the upper line of 
Figure 3 which shows the variations in atomic radius of 
the metals under consideration. The sublimation en- 
ergy requirements for the metals show less pronounced 
variations than the corresponding ionization energies. 
Notable are the relatively high values for silver and the 
transition trio of iron, cobalt, and nickel. The generali- 
zation, in light of the data in Figure 3 is that the rela- 
tively smaller atoms can be packed into the crystal more 
tightly and consequently require more energy for their 
sublimation. This is subject, of course, to the modifica- 
tion of the kinetic energy demanded by the weight of 
the atom. This further increases the requisite energy 
for silver, for instance. It should be mentioned further 
that such a generalization is valid only if all the crystals 
under consideration are of similar characteristics. This 
is the case for the metals here listed. The majority are 
either face-centered cubic or hexagonal close-packed 
with the maximum coordination number of twelve. 
Lithium, potassium, barium, sodium, and iron have the 
This 


slightly looser body-centered cubic configuration. 
type involves each atom with only eight nearest neigh- 
bors, but, since the six next nearest neighbors are only 
about 15 per cent more distant, the effective environ- 
ment for each atom is virtually the same as for those in 


the close-packed symmetries. The cases of zinc and 
cadmium are somewhat unique. Although these met- 
als crystallize in a hexagonal close-packed form, they 
have a unit cell which does not have the regular axial 
ratios, but is extended somewhat in one direction.® 
Accordingly, the figure given for the atomic radius of 
these two metals in Table 2 is a weighted average com- 
promising the two internuclear distances which Wyckoff 
gives. This qualitatively, at least, places these two on 
a size scale relative to the others. 

The very significant hydration energy which can be 
seen from Figure 1 to play such a deciding role in deter- 
mining a metal’s position on the activity scale can re- 
ceive some structural interpretation in terms of ionic 
size and electron configuration. The lower line of Fig- 
ure 3 shows the variations in ionic radius which are seen 
to follow the same pattern as the lowest line of Figure 1, 
the hydration energy. The quite apparent generaliza- 
tion is that the relatively smaller ions hydrate more ener- 
getically. This is particularly illustrated by the behav- 
ior of lithium, aluminum, and copper. Likewise, 
magnesium is the smallest of the alkaline earth metal 





* Hume-Roruery, W., “The Structure of Metals and Alloys,”’ 
The Institute of Metals, London, 1947, p. 28. 
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ions and is seen to be the most energetically hydrated 
of that family, followed in order by calcium, strontium, 
and barium. 

The tendency to hydrate as evidenced by the exo- 
thermic character of the reaction is also influenced by 
factors other than ionic size. Two factors which are 
inherent in the electron configurations of the atoms are 
the magnitude of the positive valence of the ion and the 
orbital distribution of its electrons. These are illus- 
trated by comparisons of the electron distribution data 
of Table 2 with the hydration energies graphically 
shown in Figure 1. The metals which lose a single s 
electron to form monovalent ions do not hydrate very 
extensively. This can be considered as due to the low 
ion-dipole attractions which singly charged particles 
would be expected to exert toward water molecules. 
Such attractions would be greater for the di- and tri- 
positive ions. Even lithium’s apparent eagerness to hy- 
drate as a consequence of its small size is not as energetic 
as those of more highly charged ions. 

The other structural correlation between electron 
distribution and hydration is to note that ions which 
have available orbitals of types which can combine to 
form spatially symmetrical coordination structures are 
energetically hydrated. This is the same as making 
the broad géneralization that the metallic ions which 
are often encountered as complex ions of other types 
can be expected to give evidence of extensive hydra- 
tion. The term “available orbitals” implies either that 
electrons have been removed from an orbital to form 
the ion (as in the case of the s orbital in Zn*+*) or that 
half-filled orbitals can rearrange their electrons so that 
completely vacant orbitals can be opened up (as in the 
case of the d orbitals of Ni++). These vacant orbitals, 
and others of nearly the same energy in the ion, are then 
particularly attractive as electron-receptor sites for the 
coordinate covalencies, established by water molecules 
attaching to the ion, to make it the center of a spatially 
symmetrical hydration complex. Some of the generali- 
zations relating types of coordinate structure with elec- 
tron distribution have been presented previously.'° 
Among the metals under discussion here it can be noted 
that the ions of zinc, aluminum, and cadmium have 
available one s and three p orbitals which interact to 
form a spatially oriented tetrahedron about the ion 
when filled by electron pairs from donor molecules. 
In a similar fashion, the ions of nickel and copper can 
utilize one open d, one s, and two p orbitals to estab- 
lish a stable square configuration. Iron, cobalt, and 
possibly aluminum ions probably utilize an available s, 
three p, and two d orbitals to orient water molecules 
into octahedra about them. This conjecture is also 
supported by the tendencies of these ions to form hy- 
drated salt crystals, notably sulfates. The relatively 
low hydration energy of lead can be interpreted in terms 
of these considerations. Plimbous complex ions are 
encountered rarely, whereas complexes of other metals 
of comparable activity are common. The lead atom’s 





10 Krerrer, W. F., J. Coem. Epuc., 25, 537 (1948). 
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ionization to the divalent state removes the p electrons 
but retains the full s orbital. This does not make pos- 
sible any of the more stable orbital combinations such as 
are utilized by the other more vigorously hydrated ions. 
The difference between the behavior of copper in losing 
two electrons, one from the filled d orbitals, and silver’s 
adherence to losing only the s electron to establish the 
contrasting monovalence is not readily explained. The 
cupric state is certainly stabilized by the establishment 
of the hydration complex. It may be that a similar 
dsp* square configuration is less likely for the silver be- 
cause of its increased size. Although silver readily 
forms linear complexes such as Ag(NHs)2*, it is appar- 
ently less likely to do so with the less basic H,O mole- 
cules. 

The foregoing analysis seems to offer the following ad- 
vantages as a supplement to the usual discussions relat- 
ing an element’s chemical characteristics to its position 
in the periodic table. 

(1) It has summarized the way in which the ener- 
gies of sublimation, ionization, and hydration are bal- 
anced to account for the relative position of a metal in 
the familiar activity or electromotive force series. It 
shows further how it is possible to interpret the relative 
magnitudes of these energies in terms of differences in 
the atom’s electron distribution, its size, and the size of 
its ion. The discussions following from a recognition 
of the relative sizes of these units serve to emphasize 
the conclusions summarized by Campbell"! as pertinent 
for the presentation of general chemistry. 

(2) Lithium’s apparent anomalous position ahead of 
potassium has a structural interpretation. This illus- 
trates the application of the generalization too often 
overlooked in discussions of periodicity of atomic prop- 
erties that the first members of the A families as desig- 
nated by the periodic table behave in a unique manner 
relative to the other members of the family. These 
elements, lithium to fluorine, have only one filled s orbi- 
tal beneath their valence electrons, whereas the others 
have an octet of electrons filling s and p orbitals next to 
their outer electrons. This structural difference can 
be considered responsible for most of the atypical prop- 
erties. For example, fluorine’s behavior sharply con- 
trasts with that of the other halogens. 

(3) Agreements with the order of properties predicted 
by the periodic table for the typical members of the A 
families are apparent. Potassium leads sodium; bar- 
ium, strontium, calcium, and magnesium are in line. 
Similarly, the expected order is found in the period: 
sodium, magnesium, and aluminum. This implies that 
each of the factors involved in determining a metal’s ac- 
tivity varies in comparable order relative to its position 
in the periodic table. 

(4) There is some basis for interpreting the puzzling 
order of metallic activity noted when comparing metals 
diagonally located in the I A and II A families of the 
table. Potassium is just about the equal of barium 
and strontium, yet calcium is definitely ahead of so- 
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dium. The contrasting energies of ionization and hy- 
dration are seen to account for the established order of 
activity. The entropy contributions to the energy bal- 
ance discussed in the following section are also perti- 
nent, particularly in the case of potassium as compared 
with the more hydrated alkaline earth metals. 

(5) An understanding of the relative chemical activ- 
ities of the common heavy metals is possible. The 
“noble” behavior of silver is seen to be due primarily to 
its firm binding in the solid metal and its low degree of 
hydration. The interesting order in which the hard, 
high melting metals—iron, cobalt, and nickel—are situ- 
ated with respect to the softer, lower melting zinc, cad- 
mium, and lead similarly can be accounted for by the 
balance between the energetic factors due mainly to 
atomic and ionic size. 


THE FREE ENERGY AND ENTROPY RELATIONSHIP 


This discussion should not conclude without some 
more accurate, if qualitative statement about the ther- 
modynamic relationship between the heat of a reaction 
and the electromotive force which it can develop. Al- 
though the following discussion is undoubtedly beyond 
the understanding of the student in a general chemistry 
course, it may help the more mature student to connect 
some of the familiar chemistry of the beginning course 
with theoretical concepts usually encountered later. 
The previous discussion has dealt with AH, the total 
heat energy change for a reaction. This total actually 
involves two types of energy change. One of these en- 
ergy terms, the “free energy” change, designated as 
AF, is the measure of the energy available for harness- 
ing into useful work. The electromotive force is pro- 
portional to the maximum amount of such useful work. 
The other term is the “unavailable energy,” designated 
as TAS. This energy is soaked up or squeezed out of 
the reacting system by changes in its store of internal 
energy. The equation relating these is 


AH = AF + TAS (1) 
It is also true by thermodynamic conventions that: 
— AF = (n X F) X (e. m. f.) (2) 


where n X F represents the number of faradays of 
electricity involved and e. m. f. is the electromotive 
force developed by the reaction. Combining these two 
relationships, there results the equation: 


— AH = (F) (e. m. f.) — TAS (3) 


for the reactions involved when 1 g. equivalent weight 
of a metal is changed into hydrated ions. The straight- 
line relationship between AH and e. m. f., shown in 
Figure 1, implies that all the reactions whose data have 
been used must have a TAS energy term of the same 
sign and magnitude. The fact that the points fall 
nearly, but not exactly, on such a line obviously shows 
that such a situation is only approximately realized. 

A word of definition and explanation of the T AS term 
is in order. In this expression, T has the usual conno- 
tation of absolute temperature, and AS represents the 
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change in the property known as the “entropy”’ of the 
system. Since the temperature is the same for all the 
reactions compared here, differences in the magnitude 
of the TAS term must be due to differences in the en- 
tropy changes involved. Any attempt to set forth a 
complete treatment of the entropy concept would be out 
of place here. However, some insight to the present 
discussion can be gained by considering one aspect of the 
idea of entropy. It is correct to think of an increase in 
entropy (positive AS) as associated with the easing of 
restrictions or the establishment of a randomness or lack 
of orientation in the system being investigated. This 
would mean, for example, that ail of the sublimation 
processes referred to above would occur with an increase 
in entropy. The precise ordering of the atoms in the 
crystal would cease to exist. Conversely, a negative 
AS would imply that as a consequence of the reaction, 
the system ended up in a more restricted, less random 
involvement. This second circumstance would be il- 
lustrated by the cases previously mentioned in which 
the ions add water molecules to become hydrated into 
definite, spatially oriented, coordination complexes. 
The ions, free and at random in the gaseous state before 
entering the water, become very much restricted. 

A reconsideration of Figure 1 along with equation (3) 
reveals that if a point lies below or to the right of the 
solid line, as drawn on Figure 1, there has been more of 
an entropy decrease (— AS) in the over-all process than 
in a similar reaction for a metal represented by a point 
on or above the line (to the left). The entropies listed 
in Table 3 are the thermodynamically accurate values 
for the over-all process of changing 1 g. equivalent 
weight of a metal into ions in aqueous solution. The 
units are the usual “entropy units” of calories/degree. 
The values are calculated from the entropies of metals 
and ions at 25°C. given in the Bureau of Standards 
Tables.!? The value — 15.6 entropy units for hydrogen 
has been included in Table 3 to facilitate detailed calcu- 
lations by equation (3). It also serves to indicate that 
the line drawn on Figure 1 would not be expected to go 
through zero on the electrode potential axis. Zero 
would be the position of hydrogen assigned in the same 
way as the points for the metals. The line was drawn 
to give the best fit with the most points, rather than be- 
ing located on any standard value. Thermodynamic 
conventions assign the value zero to both the total en- 
ergy change and the free energy change for the process 





12 See footnote 6. 
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of producing hydronium ions from a mol of hydrogen 
gas, yet the same conventions establish the entropy 
change for that reaction as — 31.2 cal./mol, deg. The 
consequence of this is to make the value of 15.6 an arbi- 
trary additive constant to all the entropies of Table 3 
when using them in calculations by equation (3). It 
means, for example, that when employing the values 
for silver from Table 1, e. m. f.,—0.80 and AH, 25.3 kg.- 
cal., the AS for the reaction must be chosen as 21.1 to 
obtain agreement. Similarly, the 2.34 volts and — 55.2 
kg.-cal. for magnesium agree with an entropy change as- 
signed the value — 2.4 cal./deg. Calculations of this 
type would make possible a large-scale plot analogous 
to Figure 1 with a straight line showing the true linear 
relationship between the siastind (AH — TAS) and the 
e. m. f. of the reaction. 





TABLE 3 


Entropy Changes for Reactions of Metals in the Activity 
ries 
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When the entropy -contributions are thus calculated 
the conclusions of the previous qualitative representa- 
tion are substantiated. A comparison of the figures in 
Table 3 with the relative positions of the points near the 
solid line of Figure 1 bears this out. The metals for 
which an increase of entropy for the over-all process is 
indicated are those which are not very energetically hy- 
drated. Potassium, sodium, and silver are examples. 
For these there is little orientation of water molecules 
into definite complexes. The ions which do prefer to 
form tight hydration complexes, such as aluminum, zinc, 
or copper are listed with relatively large negative en- 
tropy changes. 
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KURT H. MEYER 


Kurt Hermnrich Meryer, whose achievements in 
organic chemistry are internationally known, was born 
at Dorpat, Esthonia, on September 29, 1883. His 
father, a German, who was then professor of pharma- 
cology at Dorpat University, later held a similar chair at 
Vienna. The son began his professional training in 
medicine, but later transferred his interest to chemistry. 
After attending several German universities, he spent 
one term under Sir William Ramsay at University 
College, London. The doctorate degree was conferred 
in 1907 at Leipzig; the dissertation: ‘Untersuchungen 
iiber Halochromie”’ was prepared under the direction of 
Arthur Hantzsch. A year as assistant to Th, Zincke at 
Marburg was followed by a period in a similar capacity 
in Baeyer’s laboratory at Munich. Here Dr. Meyer 
habilitated as Privatdozent in 1911; the habilitation 
essay deait with keto-enol tautomerism. The steady 
stream of publications (33 up to 1914) was interrupted 
by World WarI. In 1917 Dr. Meyer was appointed as- 
sociate professor at Munich, and continued his work 
with such distinction that in 1921 he was given the 
responsible post of director of research of the Badische 
Anilin & Sodafabrik (later I. G. Farbenindustrie). In 
1932 he left industry and returned to academic life, 
accepting the call to his present post as head of the 
laboratories of organic and inorganic chemistry at the 
University of Geneva, where he succeeded Amé Pictet 
(1857-1937). 

Professor Meyer has about 250 papers to his credit. 
These deal with a wide variety of fields in organic 
chemistry, but especially topics that lie at the border- 
‘line of chemistry and physics with biology. He found a 
simple titration method to determine the enol content of 
keto-enol mixtures and established methods for pre- 
paring labile and hitherto unknown tautomeric forms 
such as pure enol and pure keto-acetoacetic ester, 
anthranol, and oxanthrone, the isomer of anthrahydro- 
quinone. During his industrial period he took up re- 
search on natural and synthetic high polymers, and the 
bulk of his subsequent publications have been in this 
field. ‘Der Aufbau der hochpolymeren organischen 
Naturstoffe,’’ which he published jointly with H. Mark 
in 1930, contains an account of the then newly ac- 
quired knowledge and ideas of the structure of these 
compounds. To extend the ideas contained in this 
book, he and his students have carried out further work 
on polymers; they established chain formulas for 
elastic sulfur and polyphosphonitrilic aperne and de- 
termined the atomic arrangement in cellulose, silk, 
chitin, and other fibrous polymers. From experiments 
on the thermodynamics of elastomers and of solutions 
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of polymers, the kinetic theory of rubber-like elasticity 
(1932) and a qualitative statistical theory of polymer 
solutions were deduced (1939). The knowledge thus 
acquired was extended to other fields, particularly to 
the structure and permeability of membranes and to the 
fine structure of protoplasm. The recent years have 
been devoted to studies of starch. Meyer found that 
most starches are composed of a linear polysaccharide 
and a branched one. The “fringe” micellar structure of 
the starch granule was shown to be the reason for the 
peculiar swelling phenomena of starch. Several starch 
splitting enzymes have been obtained in a crystalline 
condition, e. g., human saliva amylase. 

“‘Hochpolymere Chemie” with H. Mark as co-author 
was published at Leipzig in 1940, and Dr. Meyer fur- 
nished the comprehensive review “Natural and Syn- 
thetic High Polymers” for the well-known “High Poly- 
mer”’ series published at New York in 1940. 











ADVERTISING’ 


Tue attitude today of the chemical sales and ad- 
vertising organizations toward the chemist as a sales- 
man or advertising man may be described in a few 
words. There is plenty of room at the top. 

In the past six months, I have talked with hundreds 
of people in all phases of chemical sales and advertising. 
Company presidents have told me that they can’t 
find the right men to fill the jobs open today. Job- 
seekers, on the other hand, have told me the qualifica- 
tions for today’s jobs are so high-flown that anyone who 
has them probably doesn’t need a job. 

Employment agencies have revealed an active and 
increased demand for sales and advertising personnel 
with chemical backgrounds. Yet a survey of 756 com- 
panies in the chemical and allied industries made by 
my company in January, uncovered only four openings 
in sales, none in advertising! 

Management counsel firms, whose job it is to advise 
top management on personnel problems, told me that 
there were openings in the $10,000 to $30,000 class. 
Most of these openings were for top sales management 
personnel. One opening was for a chemical company 
advertising manager paying from $12,000 to $15,000. 
The man who fills this position will have to be a com- 
bination scientist-salesman-advertising genius-author- 
diplomat-public speaker and saint. These $10,000 to 
$30,000 jobs, incidentally, are going begging for want of 
the right men to fill them. 

I surveyed personnel managers of chemical com- 
panies by letter and by telephone. I talked to advertis- 
ing agencies which handle accounts in the chemical and 
allied industries. I found one opening in New York 
for a copywriter with a chemical background. If you 
know one who can write like Ernest Hemingway, I can 
tell him where there’s a good job. 

I talked to sales managers, and I talked to salesmen. 
My office has become such a clearinghouse for employ- 
ment information that we are thinking of opening an 
employment branch. 

A sales executive for one of the large solvent manu- 
facturers said: “We aren’t putting anyone on in sales 
right now. We are just waiting to see which way the 
tide will turn.” 

Most of the salesmen I talked to told me they have 
come a long way since the market days of World War 
II. Some of them are still a little rusty in their selling 





1 Presented before the Division of Chemical Education at the 
117th meeting of the American Chemical Society at Philadel- 
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techniques. Some of them had grown fat and lazy. 
On the whole, they are back on the job, back studying 
new techniques for selling in the market of today, and 
they seem to be glad of it. When I asked the sales 
managers what they were waiting for, which tide 
they were watching, their answers fell into one of five 
categories. 

One was the “international situation.” The second 
was “to see what the Government (or Truman or 
Congress) wil! do next.”” The others were general busi- 
ness conditions, taxes, and competition. Almost every- 
one was playing a “watch and see’”’ game. 

One of the predominant characteristics of business to- 
day is a hesitancy on the part of the chemical industry 
to move forward into the land of plenty. In a sense, the 
situation is an anomaly. Here is an industry that pro- 
duces at the rate of $45 billion a year. It develops one 
new commercial chemical a day. Most of the products 
that spell profits today were unknown five or ten years 
ago. Some authorities predict that before long the 
chemical industry will embrace all industry. Some 
phases of the industry have grown as much as 800 per 
cent in the last ten years. But is it increasing its sales 
and promotional efforts? Is it changing outdated 
methods of merchandising? Is it hiring the new sales 
and advertising personnel necessary to do the job 
ahead? The answer, on the whole, is no. 

Realizing the seriousness of the situation in sales, 
The Salesmen’s Association of the American Chemical 
Industry, Inc., several months ago scheduled a two-day 
sales clinic at the Hotel Roosevelt, New York, Novem- 
ber 2 and 3, 1950. Between the original plans and the 
execution of the program material, the North Koreans 
crossed the 38th parallel. Overnight, the theme of the 
Salesmen’s Clinic was changed from “‘The Place of the 
Chemical Salesman in the Postwar Economy” to “The 
Chemical Salesman and the Selling Problems of To- 
day.” 


THE NEED FOR TOP SALESMEN 


A company president told me that his most important 
problem today is market research. He wants a new 
evaluation of all his products. Above all, he wants a 
market research man with a sales background who can 
steer the company in the right direction. He will pay 
when he finds the right man, and he will pay plenty. 
But read the qualifications: 


Age: 37 to 42 years, with chemical engineering de- 
gree. 
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Business experience should include a broad back- 
ground primarily in industrial marketing. 
Responsibilities: 
Coordination of: 

(a) Plans of the various departmental sales 
managers in respect to sales policies and 
programs. 

(b) Sales and expense budgets. 

(c) Advertising and sales promotion activities. 

Duties will also include. assisting the Vice-President 
for Marketing in: 

(a) Developing sales policies for the Marketing 
Division. 

(b) Arranging for the development of detailed 
sales programs. ; 

(c) Coordination of the Marketing Division’s 
activities with other phases of the cor- 
poration’s business such as research and 
development. 

(d) Assisting in directing the negotiation of 
sales contracts, leases, or agreements for 
products sold by the Marketing Divi- 
sion. 

Keeping fully informed regarding the Mar- 
keting Division’s competitor’s activities 
and conditions in the industry. 


(e) 


Personality qualifications to handle the above-men- 
tioned responsibilities and duties obviously require a 
man with leadership, sales ability, and tact. Since the 
personnel of this corporation spend a good deal of time 
together, the ability to get along well with associates 
during both business and leisure hours is essential. 

Here’s another opening: This company is seeking a 
vice-president in charge of foreign sales operations. 
The candidate in question should be about 45 years old 
and have had considerable experience in foreign opera- 
tions, with particular emphasis on the South American 
countries. The company manufactures products with 
an annual volume of approximately $40,000,000 and the 
Foreign Division is currently doing over $15,000,000 
and accounts for nearly one-half the net profits of the 
entire company. The salary for this job will vary from 
$20,000 to $25,000. However, the candidate will be 
going in to understudy the present vice-president in 
charge of foreign operations, and at such time as he is 
ready to fulfill these duties the salary will naturally be 
increased. Since this man will be responsible for the 
profit and loss of the foreign operation, for all invest- 
ments in foreign countries, for the operations of all 
manufacturing subsidiaries and the like, the qualified 
candidate will have extensive experience and unusual 
capabilities. 

You tell me where to find those combinations, and 
I’ll tell them where there are good jobs. 

So far as chemical companies in general are con- 
cerned, the only hiring today involves replacements. 
On the whole, there are few new positions opening up. 
Most firms did a great deal of hiring two years ago. 
Since then, the situation has remained fairly static. 
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In 1947 most chemical firms brought their sales and 
advertising staffs back to prewar levels and added new 
personnel necessary to handle increased business. Since 
some of this increased business reflected a period of ac- 
tivity that was far from normal, several firms have had 
to cut back on their sales and advertising, personnel. 
One large firm with headquarters in New York and a 
tremendous volume of business in organic chemicals 
now has only three salesmen. Several of the largest 
chemical manufacturers in the country have laid off 
production workers. This, in turn, has had a tendency 
to cut down on sales and advertising staffs. Whether 
increased production due to the new armament program 
will call for their rehiring remains to be seen. 

Out of a dozen chemical companies surveyed at 
random from a list of those with offices in New York, 
only one now intends to put on additional salesmen. 
None expect to add advertising personnel, except where 
normal replacements are needed. The company that 
will hire salesmen is an organic chemical manufacturer 
and expects to add some men in the below-$5,000 class 
and a few in the above-$10,000 class, none in between. 

A bright outlook characterizes the very nature of 
America’s chemical industry. Growth is the byword, 
and growth has been the keynote. The industry pro- 
duces at a pheriomenal rate. Mighty du Pont reported 
recently that its gross sales for 1949 had gone over the 
$1 billion mark for the first time. Capital invested in 
major chemical companies is even more dramatic in 
comparison. Dow Chemical’s invested capital is now 
1,300 per cent of what it was in 1929; Monsanto’s 
invested capital has increased 1,060 per cent since 1929; 
American Cyanamid 450 per cent; du Pont 250 per 
cent, and Union Carbide 220 per cent. 

Most significant of all for prospective employment in 
sales and advertising are the figures reported for the 
type of products that are contributing to the record 
sales figures. Sixty per cent of du Pont’s sales in 1949 
resulted from products that were unknown or in their 
commercial infancy 20 years ago. 

Sharp & Dohme, producer of medicinal chemicals, 
had a similar experience in 1949. Over 40 per cent of 
that company’s sales were products less than five years 
old. Monsanto, Commercial Solvents, Celanese and 
most of the other major factors in the industry all report 
a growing sales gain directly proportional to the amount 
of product.and market research undertaken. Prospec- 
tive candidates for sales and advertising positions in 
the chemical and allied industries will do well to re- 
member these facts. Coordinated laboratory research 
and product and market development offer the only in- 
surance today for the chemical industry against sales 
and profit losses. If you want a job in selling or advertis- 
ing concentrate job-getting activities upon those com- 
panies with active research and market development 
programs. 

There has been recently a noticeable move to 
strengthen market research departments in progressive 
companies. These companies want to see new products 
developed and old ones improved. Last year there was 














much employment activity in the market research 
direction. The activity died down for a short period, 
but now it has been revived. 

The industry’s No. 1 problem, an employment 
agency owner told me, is the problem of sales executive 
manpower.. Few companies even gave the problem a 
thought during the war. The situation now is not a 
normal one from the standpoint of the employment 
counselor. There seem to be more sales executives 
ready for retirement now than there have been for 
years. And many of them do not have capable assist- 
ants to whom they can turn over their jobs. What is 
worse, men in secondary positions today are not quali- 
fied for the top jobs that have to be filled. They cannot 
take on the additional responsibilities involved. In 
respect to sales executives, the chemical industry is 
sadly undermanned. 

A new position has sprung up since the war, and this 
new position might give some qualified men an idea 
about what to look for. Wise company executives are 
creating the post of vice-president in charge of mer- 
chandising. This is a coordinating position designed to 
help the sales manager who is out in the field—or should 
be. 

The jobs which are going begging are the market re- 
search and development positions open to men with 
complete backgrounds in the chemical industry. Par- 
ticularly active is the heavy chemical field. One com- 
pany in this category has been looking for a market re- 
search man for the past ten months. 


GROWTH OF THE CHEMICAL INDUSTRY 


The chemical industry now rates No. 1 on the 
American scene. As Fortune magazine pointed out just 
recently, to understand U. 8. industry in the second 
half of the twentieth century you must understand the 
chemical industry. It is almost wholly an industry 
founded, built, and run by chemists and chemical engi- 
neers, men trained in the sciences—in a climate that has 
bred some of the best managerial brains in the U. S. 

Now, just imagine what’s ahead for the chemical in- 
dustry. Try to predict, for instance, where the phar- 
maceutical industry goes from here. Now at the 
highest point of production and sales in its history, this 
industry exhibited a growth of 800 per cent in the last 
ten years, the most phenomenal growth of any industry 
in the country. Are we properly staffed for the tre- 
mendous sales and educational job that lies ahead in 
this field? Not at all. In 1933 we had the sulfa drugs. 
They were followed by the antibiotics—penicillin, 
streptomycin, aureomycin, chloromycetin, and terra- 
mycin. Ahead of us, we hope, are cures for tuberculosis, 
cancer, poliomyelitis, influenza, the common cold, and 
children’s diseases. All of these medicinal develop- 
ments must be intelligently promoted and sold. The 
long-term outlook in this industry is brighter today than 
it has been at any time in its history. But the job ahead 
for proper merchandising is sadly in need of well-trained 
personnel to handle it. 

I can name many other divisions of the chemical in- 








dustry where sales and merchandising are not able to 
keep up with the progress. The future of surface-active 
agents, particularly as cleansing agents, is also a bright 
one. But a bigger selling job must be done before they 
can ever replace soap, the best known detergent for 
several thousand years. One of the best dishwashing 
agents on the market today is a synthetic detergent 
which meets consumer resistance because it doesn’t ex- 
hibit much foam. In the mind of the housewife, foam 
and cleaning are synonymous. It will take years of in- 
telligent advertising and promotion before she believes 
otherwise. 

The petroleum industry has increased its interest in 
chemicals, offering many new opportunities for sales and 
advertising. Everywhere you turn the need for in- 
telligent selling is apparent. For example, there is the 
pulp and paper industry, an increasing source of raw 
materials for the chemical industry. Its by-products 
have many interesting possibilities. But it will be some 
years to come before sales and advertising are successful 
in encouraging the right industries to use them. 

Synthetic lubricants, synthetic rubber, synthetic 
waxes, new food products from the chemical laboratory, 
new insecticides, titanium metal—these are but a few 
of the products which still have much selling and ad- 
vertising ahead before they reach the commercial pro- 
portions they deserve. What opportunities there are 
for well-trained personnel with vision! 

What I am trying to point out is that there is so much 
work ahead to be done in these fields that I am sur- 
prised at our shortsightedness. American efficiency is 
so great that we give odds to foreign competition and 
beat them at their own game. Yet I have talked to 
companies in the heavy chemical business who have 
great fears that before long Europe will be competing 
for their business in our own markets. I have talked 
with food technologists who told me that new dis- 
coveries have revealed the amount of amino acids re- 
quired to maintain nitrogen balance in adult humans. 
They mentioned wonderful new vitamins, new facts 
about health and disease, improved world food supply 
through chemistry, and how food is related to human 
health. Yet not one of the companies employing these 
food technologists was considering the addition of per- 
sonnel to tell and sell the world. 

The paint industry is another one fraught with great 
possibilities. This one hit the billion-dollar sales mark 
one year, then dropped off due to a recession, which, 
though short-lived, took its toll. The prediction again 
is for another billion dollar year, and what opportunities 
there are for sales and advertising in this field! The 
year 1949 alone saw such a large number of new special- 
ized coatings for peculiar requirements or specific pur- 
poses that the material for promotion, publicity, and 
sales is endless. 

The chemical industry is still expanding. It is one of 
the most rapidly growing industries in the economy to- 
day. It pays for its expenditures of expansion from in- 
ternal sources in 97 per cent of the cases, the other 3 per 
cent from selling stock rather than borrowing. The 
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biggest increase of any industry in the country is taking 
place in the chemical industry in 1950. On the whole, 
the industry expects production to continue at a high 
rate, employment to hold its present rather high rate, 
and it expects that 1950 sales will end up about equal to 
1949. Most companies are geared to this premise. 
However, if 1950 sales boom, then what? 


TRAINING OF CHEMIST-SALESMEN 


Our universities could provide better training for 
individuals who select sales and advertising as a career. 
Perhaps we ought to make salesmanship a profession. 
By so doing we might attract more potentially good 
salesmen. 

In sales and advertising personnel there is an un- 
balance which, I suppose, is inevitable. We seem al- 
ways to have a surplus of poorly trained men and a 
shortage of the well-trained variety. The demand in 
recent years has been so high that many incompetents 
are now employed. 

I suggest that the educational! institutions do a fact- 
gathering job on sales and merchandising personnel for 
the chemical industry, as well as on their jobs. With 
up-to-date information, the educational forces of this 
country could insure a balance in the future to make the 
best use of the people in training. These facts could be 
used as standards of admission, graduate requirements, 
new courses, revisions, and advice. This alone would 
be the best insurance I can think of against a surplus of 
inferior personnel. 

The new chemical industry calls for a new type of 
businessman which Fortune magazine recently called 
“the chemist-salesman-developer.”’ To produce this 
type of man our colleges are going to have to make some 
drastic changes in their approach to selling as a career. 
Some authorities in the industry believe that it’s high 
time we make salesmanship one of the professions. 
The trouble with technical education today is that 
selling as a career is seldom suggested. Many profes- 
sors look down upon selling and salesmen. This 
attitude is transmitted to students who reflect not only 
the attitude of their teachers but also that of the general 
public in its misunderstanding of salesmanship. The 
old notion still lives that anything worth having does 
not have to be sold and that all salesmen are either 
peddlers of gold bricks or philanderers or both. 

Chemical training, of course, is the best background 
for chemical selling in the chemical century ahead. Un- 
fortunately, the type of student who selects chemistry 
as a career frequently is not what we call the “sales 
type.” Perhaps there should be a middle ground where 


a 





one could study chemical selling. One of the midwest- 
erm universities has such a course, although I have yet 
to meet one of its graduates. 

Some of the metropolitan New York colleges offer 
courses in selling and in advertising. So far, only one, 
to my knowledge, has offered a course designed es- 
pecially for chemical selling. This still is in its forma- 
tive stages. Another is considering a course in advertis- 
ing for graduate chemical engineers who are studying 
business administration. And salesmen’s associations 
are giving much study to courses for members and to 
meetings for the interchange of sales knowledge and 
techniques. 

New chemical products require the most intense sort 
of technical service and technical selling before they 
reach the production stage. Chemical salesmen need a 
broad knowledge of many industries. They must know 
what products are being used at the present time and 
what possibilities there are for replacing them. They 
must be able to talk intelligently about their own 
products and about the buyer’s business as well. Since 
the salesman’s job is one of service, he must under- 
stand production problems in the industries he sells. A 
most important function of his work is to guide his own 
research staff by passing on suggestions as to the type 
of products needed by industry. One of the technical 
service directors for a large company recently told me 
that only 30 per cent of the ideas for new products were 
developed in his laboratory. The balance came from 
suggestions brought in by the sales force or the tech- 
nical service department. 

Chemical selling is unlike any other field because 
quality and price are not always the major considera- 
tions in buying. Many chemical products are sold on 
definite specifications, so price advantages may not al- 
ways live too long. The salesman who can sell on serv- 
ice and ideas is the kind most companies are looking 
for today. This is more true than ever in the chemical 
industry which is its own best customer. Sixty per cent 
of its chemicals are sold within the industry. Naturally, 
technically trained men are necessary for intelligent 
chemical sales. 

I do not believe that there is anything wrong with the 
chemical industry that a new concept of chemical sales 
and advertising cannot help cure. I do believe that 
whatever will be done in this direction will be done by 
those who are trained for the job. 

It is on the proper training of the new chemist-sales- 
man-developer and the subsequent proper marketing 
of new, efficient products that our future economy de- 
pends. 
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PREVENTION OF ACCIDENTS WHEN 


HANDLING CHEMICALS 


RUDOLF WINDERLICH 
Oldenburg im Oldenburg, Germany 
Translated by Ralph E. Oesper 


The days of our years are threescore years and ten; and if by reason of strength they 
may be fourscore years, yet is their strength labor and sorrow, for it is soon cut off and 


we fly away. 


Tue upper limit of the lifespan, which the psalmist as- 
sumes, is reached by relatively few: sickness and acci- 
dents sometimes hurry even the able-bodied into their 
graves. The constant progress of medicine has consid- 
erably reduced one of these causes of premature death. 
However, many believe that we are helpless against the 
apparently haphazard accidents, because they almost 
always occur unexpectedly. Nevertheless, the toll of 
accidents can also be decreased. Even the most ex- 
perienced of us should always be conscious that we, too, 
are not entirely immune to serious accidents, which may 
be the consequence of our own or another’s ignorance, 
carelessness, blunders, or indifference. 

During a lecture by Justus Liebig before a selected 
audience in Munich he exhibited the strikingly beautiful 
combustion of carbon bisulfide in nitric oxide. The de- 
light of the onlookers led him to repeat the demonstra- 
tion. This time, to the great horror of all present, 
there was a terrific explosion, the flask was shattered 
into bits. Queen Therese, Prince-regent Luitpold, and 
Liebig himself were seriously wounded by the flying 
glass. The accident would have been fatal for Liebig 
if his snuff box had not prevented a large splinter of 
glass from penetrating his femoral artery.! 

On August 14, 1810, Berzelius wrote to Gehlen: 
“Since my last letter I have been temporarily blinded be- 
cause of an explosion of fulminating gold, and I barely 
missed losing my sight entirely. This happened on 
March 5, and I still was not able to read by the end of 
April.”? The recipient of this letter, Adolph Ferdinand 
Gehlen, died in Munich on July 15, 1815, after eight 
days of horrible suffering. He had been working with 
arsine and because he was not aware of its toxicity had 
taken no precautions against breathing this deadly gas. 

These examples show that even the most skilled ex- 
perimenter is not immune to accidents. Much less so 
are young people, who like to do experiments, or factory 
workers, who pay no heed to the possible dangers, or 





1 Letter of Liebig to Wéhler, April 18, 1853. ‘‘Briefwechsel,”’ 
vol 2, p. 11. 
2 Schweiggers Journal fiir Chemie und Physik, 1, 257 (1811). 
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laymen, who have no chemical knowledge and often re- 
gard it as superfluous. A remarkable verdict handed 
down by the German Supreme Court against a druggist 
because of a serious injury received from potassium 
chlorate led the writer to ask a group of presumably 
well-educated gentlemen: ‘What is potassium chlo- 
rate?” Of the twelve, only four knew the material, 
namely a chemist, a physician, 4 school principal, and a 
clergyman, while significantly, the two jurists present 
stated that they had never even heard the name.* 


POISONS 


As the son of an apothecary, Gehlen, from boyhood 
on, Was familiar with chemicals, but he nevertheless fell 
a victim to an insidious poison. Everyone is exposed 
to similar dangers if he is ignorant of them. No lay- 
man thinks of soot as harmful, and yet as early as 1775 
the English surgeon Percival Pott found that it could be 
held responsible for the skin cancers so often contracted 
by chimney sweeps.‘ A century later, R. Volkmann 
proved that tar was the actual carcinogenic agent, that 
it attacks tar workers and blast furnace operators.® 
Subsequently, the Frankfort surgeon L. Rehn traced the 
mysterious cancer of the bladder of aniline workers back 
to the inhalation of aniline vapors, or to the constant 
handling of fuchsine and §-naphthylamine.’ Since 
then many carcinogenic materials have been uncovered. 
Now that the relation is known, exposed persons are 
constantly guarded and tested for susceptibility. Not 
all persons are equally receptive to diseases; the sus- 
ceptible ones must be removed in time and the perma- 
nent workers must be replaced at proper intervals by 
others who are also immune. 





3 Winper.icH, R., ‘“Chemische Kenntnisse ausserhalb der 
Fachkreise’”’ in Der Deutsche Chemiker, Beilage zur, Z. angew. 
Chem., 53. Berthelot discovered potassium chlorate in 1786. It 
was tried at once in powder manufacture. No later than October, 
1788, two men were killed at the Essone powder factory, in an ex- 
plosion which might easily have cost Lavoisier his life. 

4Porr, Percivau, ‘Chirurgical observations relative to the 
cancer of the scrotum,’’ London, 1775. 

5 “Beitrage zur Chirurgie,’ Leipzig, 1875. 
* Archiv fur klinische Chirurgie, 50, 588 (1895). 
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Phenol, formaldehyde, and allyl mustard oil damage 
the skin; after long exposure they destroy the skin tis- 
sue. Likewise, carbon bisulfide, paraffin, and olefines 
are not entirely harmless if they act on the skin continu- 
ously. In the hygienic supervision of all industries spe- 
cial care must be given to supersensitivity, which is not 
always an inborn characteristic but is often acquired as 
a result of frequently repeated exposure. H. 8S. Mart- 
land found that the salts of radium, mesothorium, and 
radiothorium were responsible for bone cancer among 
those employed in making luminous timepieces.’ These 
women pointed between their lips the fine brushes with 
which they applied the radioactive mass to the dials. 
This custom has of course now been prohibited. The 
danger from radioactive materials could have been fore- 
seen much earlier, because Sir William Ramsay died in 
1916 of nasal cancer contracted from his long continued 
work with intense radium radiation.’ 

Among the long-known heavy poisons, lead and car- 
bon monoxide are the most frequent industrial health 
hazards. The list is being constantly lengthened and 
an additional toll of life and health is often taken before 
the effects are recognized and measures taken to guard 
against the careless handling of toxic or noxious mate- 
rials. A striking example is ortho tricresyl phosphate 
(CsH,CHs)3PO,, which has brought misery to many 
persons in Germany. This compound is employed in 
industry as a softener for plastic masses, as a solvent for 
gums and—mixed with acetone—as a polishing agent. 
During the period when fats were very scarce in Ger- 
many black marketeers sold this nice-looking clear oil 
to the hungry public for cooking purposes. Its inges- 
tion results in psychic disturbances and temporary or 
permanent paralysis. The-extreme danger is evidenced 
by the official report of the situation that arose in Gel- 
senkirchen. The reporting physician states: ‘In our 
city numerous cases of severe ortho tricresyl phosphate 
(O. T.) poisoning occurred after linseed oil, inadvert- 
ently contaminated with O. T., was used as a salad oil 
in a factory kitchen. A notable factor is the small 
amount of O. T. that brought about the poisonings. 
Pure linseed oil was put into an empty barrel, which 
previously had contained linseed oil to which O. T. had 
been added. Consequently, it was only the residual 
layer on the sides of the barrel that could still have con- 
tained O. T. The works personnei came down with 
paralyses, which in part have not yet disappeared, even 
though some of the patients had eaten only one meal 
(flour pancakes) which had been prepared with linseed 
oil taken from this barrel.’’® Numerous cases of O. T. 
poisoning have occurred in the United States, where the 
malady is known as ginger paralysis or jake leg.” 

o-Tricresyl phosphate was formerly a constituent of 
the valuable synthetic textile known as Igelite. After 





7 J. Am. Med. Assoc., 92, 466, 552 (1929). 
§ Regarding the life and work of Sir William Ramsay see Re- 
port of the Smithsonian Institution, 1919, pp. 531-546. 
® Medizinische Klinik, 44, 1543 (1949). 
” Public Health Reports, 45, 1703 (1930); 46, 1227 (1931). 
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it was found that the toxic material was also absorbed 
through the skin, with the result that paralysis occurred 
after wearing skirts, coats, etc. fashioned from this fab- 
ric, the O. T. was replaced by a safe plasticizer.’ It 
has happened repeatedly that synthetic materials which 
at first appeared to be highly advantageous have had to 


be abandoned for many purposes. For instance, the 
German army used a cap lining that had been impreg- 
nated with phenolic resins. It was found that these 
resins decomposed to an extent which, though scarcely 
noticeable, was sufficient to release enough phenol to 
produce skin damage. ‘The caps were called in and the 
linings replaced.'? 

Far-sighted governments have issued warnings and 
passed laws to protect the public against poisonous ma- 
terials. These regulations are being constantly ex- 
tended and improved. Households have been forbid- 
den to store coal oil, benzene, benzine, turpentine, 
wood alcohol, hydrochloric acid, etc., in old beer or wine 
bottles, because people have often been poisoned 
through mistaking such liquids for the original contents 
of the bottles. Laws have been enacted for supervising 
the trade in foods and other necessities. 

It should be a strict requirement that every educa- 
tional institution, from the lowest school to the univer- 
sity, must store its chemicals in such a manner that 
unauthorized persons have no access to heavy poisons, 
which should, in addition, be kept in tight containers. 
Care should be exercised in storing even “harmless” 
chemicals. For instance, alkalies and alkaline sub- 
stances should not be put into bottles fitted with ground 
glass stoppers, since deliquescence and the resulting 
cementing of the stoppers often makes it impossible to 
open the bottle without shattering the glass. Some- 
times accidents are caused by such frozen stoppers. A. 
W. Hofmann reported the explosion of a 10-liter bottle 
of chloride of lime, which had stood unused for 10 years 
because the stopper could not be loosened.'* 


EXPLOSIONS 


Thoughtlessness or carelessness may expose buildings 
and entire blocks to violent explosions if remainders of 
combustible volatile materials are dumped into drains 
and thus get into the sewers. If, for instance, waste 
oils from garages are run into the drainage system, they 
vaporize there, and by an unfortunate combination of 
circumstances the resulting explosive gaseous mixture 
may be touched off. Consequently, before the war the 
garages and automobile laundries in Berlin were pro- 
vided with gasoline separators. More than one serious 
fire or explosion has resulted in chemical laboratories 
from the careless custom of throwing all sorts of resi- 
dues into the same waste can, where unexpected reac- 
tions may then occur. 

11 The Robert Koch Institut fiir Hygiene und Infektionskrank- 
heiten (Berlin) investigated the problem thoroughly as to whether 
o-tricresyl] phosphate is absorbed through undamaged skin. The 
answer was in the affirmative. Deutsche medizinische Wochen- 
schrift, 75, 311 (1950). 

12 Chem. Ztg., 59, 636 (1935). 
18 Liebigs Ann., New Folge, 39, 292 (1860). 
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As a matter of fact, unpleasant surprises may result 
from perfectly harmless procedures if proper precau- 
tions are not observed. When a warm concentrated 
solution of potassium nitrite is allowed to flow slowly 
into a similar solution of ammonium chloride, nitrogen 
is evolved. 


NH,Cl + KNO, — KCl + N: + 2H,0 


The production of gas accelerates constantly because 
the reaction is exothermic, and with rising temperature 
the reaction rate increases exponentially. If the flask 
is not cooled quickly by immersing it in cold water the 
excessive gas pressure is liable to force the rubber stop- 
per out of the flask or the latter may blow up. 

The possible serious consequences of not following 
directions explicitly when carrying out a well-tested 
procedure’is strikingly illustrated by a horrible accident 
which killed ten students and injured many more in the 
chemistry laboratory at the University of Miinster on 
May 27, 1920. The purpose of the experiment was to 
demonstrate combustion by means of bound oxygen; 
the chosen reactants were cotton and tetranitrometh- 
ane, to which a little toluene was added since the carbon 
of the cotton was not sufficient for the oxygen content of 
the oxidizing agent. According to the procedure, 
which had been tested repeatedly before previous 
classes, 15 grams of cotton were to be pressed into a 
steel tube (2.8 cm. in diameter) and then moistened 
with a mixture of 67.5 ec. C(NOz),4 and 7.5 cc. CsH;CHs; 
the moistened cotton was then ignited. Because of a 
typographical error in the newly rewritten lecture 
demonstration journal, the assistant used grams instead 
of cubic centimeters of the liquids. The proper propor- 
tions by weight are 108:6. The experiment went along 
as expected for three minutes, and then the frightful ex- 
plosion took place.'* 

Intentional explosions as supporting attractions in 
lecture course must not be carried out on too large a 
scale, since they can cause damage even though no one 
is visibly wounded. Lothar Meyer, who was very fond 
of explosion demonstrations told of an experience with 
acetylene in one of his lectures. ‘The explosion was 
a quite powerful one, and one of the students, who sat 
rather far from the lecture table, reported to me later 
that after the bang he could see me talking but could 
hear nothing because the report had deafened him tem- 
porarily.”’® 

One of the worst explosions on record was the disas- 
ter at Oppau near Ludwigshafen on May 21, 1921. For 
some unknown reason, 4500 hundred weight of ammo- 
nium sulfate-nitrate exploded, 559 people were killed, 
2053 buildings damaged, of which 1036 were completely 
demolished. It had been the usual practice to break up 
the solid masses of the salt by blasting, a procedure con- 
sidered perfectly safe after numerous trials had never 
caused the material to detonate. Perhaps, in some 
strange manner, the salts had become segregated during 





14 Z. angew. Chemie, 33 (2), 245 (1920). 
18 Ber., 27, 2764 (1894). 


storage, so that on the day of the disaster the explosive 
was acting chiefly on ammonium nitrate. It must be 
remembered moreover that the decomposition of am- 
monium sulfate-nitrate is exothermic: 


2NH.NO;-(NH,)2SO,—> 8H20 t + SO2t +3Nef + 74.2 kg.-cal. 


Perhaps the moral to be drawn is that caution is the 
order of the day whenever a potential reaction is exo- 
thermic. 

I regret that I myself have not always acted with due 
consideration. For many years I had my students 
carry out the synthesis of magnesium, calcium, and 
aluminum sulfide from the elements. However, in 
May, 1927, a demonstration experiment before the class 
with a tiny amount of powdered magnesium and flowers 
of sulfur produced a loud report; the test glass was 
blown to bits, and the accompanying flame set fire to a 
window shade six feet away. At this same time the 
authorities at the University of Miinster called atten- 
tion to the existing danger.'"* The powdered magne- 
sium I had used hitherto was coarse grained, whereas 
the material that gave rise to the explosion was an im- 
palpable powder and accordingly more reactive. Con- 
sequently, it is imperative to test new supplies of mate- 
rials before using them in the presence of other persons. 

As was the case at Oppau, the real causes of many ex- 
plosions are never completely discovered. This ap- 
plies, for example, to the explosion that occurs occa- 
sionally when potassium is determined by the perchlo- 
rate method. Max Popp, Director of the Agricultural 
Experiment Station at Oldenburg, experienced a case of 
this kind which fortunately did notinjure anyone. Dur- 
ing removal of the excess perchloric acid by fuming the 
platinum dish was suddenly torn into fragments which 
were hurled through the air. Perhaps dust particles of 
organic nature or an unforeseen local superheating 
brought about the sudden decomposition. Organic 
impurities are certainly the most frequent causes of such 
explosions'”, whereas the explosions during the boiling- 
off of ether can usually be ascribed to peroxides, which 
are formed on prolonged storing in the light.” 

The chlorates are much more dangerous than per- 
chloric acid and the perchlorates. Numerous accidents 
have been due to potassium chlorate. Its victims have 
been not only students but even teachers who were not 
sufficiently trained—a condition that prevails at least 
in Germany. This fact compels the requirement (un- 
fortunately not yet fully appreciated) that chemical in- 
struction be imparted only by persons who are thor- 
oughly trained for this assignment, and that the young 
people should be made acquainted with the most es- 
sential chemical facts. 

The domain of possible chemical accidents is tre- 
mendous, and only a few of these could be mentioned 
here. To avoid such unfortunate events it is not 





16 Z. angew. Chemie, 40, 809 (1927). 

1 Chem. Zig., 66, 321, 415 (1942). 

18 Chem. Zig., 66, 314 (1942) describes a method of avoiding ex- 
plosions of ether due to peroxides. 
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enough to rely on official regulations and directions; 
the primary factor is that the operator must do the 
proper thing. The possibility of accident is deter- 
mined not solely by materials and apparatus but pre- 
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dominantly by the actions of the person who uses them. 
Therefore the danger must be fought on the psychologi- 
cal front; people must be properly enlightened, in- 
structed, and above all trained to be careful. 


+ CLASSROOM DEMONSTRATIONS OF ION-EXCHANGE RESINS 


T ue use of siliceous silicates in water softening by ion 
exchange is taught and demonstrated in most high- 
school classes in chemistry and applied chemistry. 
The concept of ion exchange, similar to a double replace- 
ment reaction, is fundamental to the high-school chem- 
istry course. With the development of synthetic ion- 
exchange resins within the last fifteen years and their 
increasing use in various applications such as softening 
water, demineralizing water, purifications of various 
pharmaceuticals, and the separation of rare earths and 
radioactive isotopes, the need for simple demonstra- 
tions of their properties becomes apparent. 

The following demonstrations indicate the amazing 
properties of these resins which permit the preparation 
from tap water of water which is equal to distilled 
water. The resins used were furnished through the 
courtesy of Rohm & Haas Company. 

They were Amberlite IR-120(H), Amberlite IR-4B 
(OH), and Amberlite MB1. Resin columns in burets 
and other glass tubes were prepared by first soaking the 
resin in water to permit swelling and then filling the 
columns with the resins, which were packed on suc- 
cessive layers of glass wool and clean sand. Another 
effective method involved the use of a glass chimney 
packed with 6 inches of resin and an additional half-inch 
of sand to prevent resin flotation. The columns were 
back-washed to make the particles pack evenly. It is 
recommended that separate columns be used exclu- 
sively for each experiment to prevent contamination. 
When not in use, the resin columns should be filled with 
water and stoppered to prevent caking and air pockets. 

Amberlite IR-120(H), which is a sulfonic-acid type 
based on polystyrene, was used to demonstrate cation 
exchange, particularly of metallic ions for hydrogen. 
A 1 per cent solution of NaCl was passed through the 
column and the resulting acidity shown by means of 
indicators. A dilute solution of NaOH, cdlored with 
phenolphthalein, was passed through another similar 
column and the effluent was colorless. 


JOSEPH F. CASTKA and JOSEPH CRANE 
Lafayette High School, Brooklyn, New York 


Amberlite IR-4B(OH), which derives its activity 
from weakly basic amine groups, was used to demon- 
strate anion exchange. The most effective demonstra- 
tions were those of acid adsorption. The 1 per cent 
solution which previously had been passed through 
Amberlite IR-120(H) came through the IR-4B(OH) 
completely neutral, indicating adsorption of HCl. 
Similar results were obtained with a 2 per cent MgSO, 
solution. Tests for the chloride and sulfate ions after 
the IR-4B(OH) pass showed greatly decreased concen- 
trations of these ions. Complete removal of these 
ions, however, was not achieved. Passing solutions of 
either NaCl or MgSO, through the Amberlite [R-4B- 
(OH) alone resulted in solutions which were basic. 
It is significant to note that the MgSO, solution was 
employed with both the Amberlite IR-120(H) and the 
Amberlite IR-4B(OH) to relate the entire demonstra- 
tion to the problem of softening hard water. 

The third resin employed was Amberlite MB-1, a 
mixture of Amberlite IR-120(H) and Amberlite 
IR-4B(OH). This material provides a convenient 
means of producing water that has low electric con- 
ductivity. The solutions selected for test purposes 
with this resin mixture had to contain metallic ions 
whose presence could be demonstrated by colorimetric 
means or by precipitation. The solutions used were 2 
per cent nickelous sulfate and cupric sulfate. The green 
NiSO, solution was passed through a 6-inch column of 
Amberlite MB-1 three times. The effluent was color- 
less and gave no red-colored precipitate with dimethyl- 
glyoxime nor did it give a sulfate test with BaCh 
solution. The blue CuSO, solution, after three passes, 
came through colorless and gave no test for copper ion 
with ammonia nor for sulfate with BaCl, solution. 
Both effluents were neutral to litmus. Both effluents 
failed to conduct enough electricity to light a 25-watt 
bulb on a 110-volt line in a standard type of conduc- 
tivity apparatus commonly used in the high-school 
classroom. 











ERICH HUCKEL 


To THE chemical world, the name Hiickel has two dis- 
tinct connotations: (a) the eminent organic chemist 
and writer Walter Hiickel! and (b) his younger brother 
Erich, the physicist-chemist, whose name is so often 
linked with that of Peter Debye. ; Erich collaborated 
with his brother in the latter’s well known ‘Theore- 
tische Grundlagen der organischen Chemie.” 





Erich Hiickel 


Erich Hiickel was born at Berlin-Charlottenburg on 
August 9, 1896. He studied physics and natural science 
at the University of Géttingen from 1914 to 1916, and 
then was appointed co-worker at the Aerodynamic Ex- 





1 J. Cuem. Epuc., 27, 625 (1950). 
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periment Station there. After the war he resumed his 
university studies in physics and mathematics and was 
awarded the Ph.D. in 1921. The experimental disser- 
tation, prepared under the direction of Debye, dealt 
with the diffraction of X-rays by anisotropic liquids. 
In 1921-22, Dr. Hiickel was assistant for theoretical 
physics to the great mathematician David Hilbert, and 
in 1922 he held a similar post with Max Born, with 
whom he worked and published on the quantum theory 
of molecular spectra. He left Géttingen in 1922, and 
went to the Technical High School in Ziirich, where he 
was assistant in physics to Debye. In 1925, he was 
made lecturer in physics there. Together with Debye, 
he worked on the theory of electrolytes, and they pub- 
lished two joint papers on this topic. In 1925, Hiickel 
published his important papers: ‘Theory of concen- 
trated aqueous solutions of strong electrolytes” and 
“Theory of membrane-equilibria of electrolytes.”” His 
“Adsorption und Kapillarkondensation,” a monograph 
of 308 pages, appeared in 1928. This book was com- 
posed at the suggestion of the great colloid chemist, R. 
Zsigmondy, whose daughter, Annemarie, and Hiickel 
were married in 1925. Their son, George R., recently 
came to this country to continue his training in physics. 

As a Fellow of the Rockefeller Foundation, Dr. 
Hiickel spent 1928 at University College, London, where 
he worked with F. G. Donnan on the anomalous mobil- 
ity of the Ht and OH~ ion in aqueous solution. The 
next year found him at the University of Copenhagen 
(Niels Bohr) and 1929-30 at the University of Leipzig as 
a Fellow of the Notgemeinschaft der Deutschen Wissen- 
schaft. Here he worked with W. Heisenberg and F. 
Hund on the quantum theory of the double bond and 
benzene. 

A long list of significant papers on a variety of topics 
constitutes the printed record of this and the following 
period which preceded Dr. Hiickel’s return to the 
teaching profession. In 1930 he became Dozent for 
chemical physics at the Technische Hochschule in 
Stuttgart. His researches there dealt with the quan- 
tum theory of benzene, aromatic, and unsaturated mole- 
cules; and with free radicals in organic chemistry. 

Since 1937 he has been at the University of Marburg, 
where he competently occupies the chair of theoretical 
physics. 
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CHEMISTRY’ 


Somes years ago, a survey was made of the aims of 
qualitative analysis.* Based on the data furnished by 
this survey, a series of objective tests‘ measuring 
achievement in theory and facts of qualitative analysis 
was prepared. 

In the postwar period a number of reorganizations of 
chemistry curricula have been made. In order to con- 
struct new test forms it became necessary to discover 
what happened to Qualitative Analysis in this shuffle. 
Therefore a questionnaire was prepared to determine in 
the postwar curricula: 


1. The place of qualitative analysis in college chem- 
istry curricula. 

2.- The aims of qualitative analysis. 

3. The subject matter covered. 


These questionnaires were sent to colleges in all parts 
of the country. From returned questionnaires the fol- 
lowing data were obtained. 

The Place of Qualitative Analysis in College Chemistry 
Curricula. The results*appear in Table 1. Those col- 
leges which indicated qualitative analysis to be offered 
for a quarter as a separate course were included in the 
data for the one semester group. 

These data indicate that about seventy per cent of 
the colleges offer a one semester course, while about half 
the colleges include a course as a part of general chemis- 
try. In many cases this is the only course offered in 
qualitative analysis. About twenty per cent of the 
colleges were doing it both ways for different purposes. 
Relatively few colleges have a year course. The mid- 
western colleges seem to prefer a single course in their 
curricula, while in the eastern area about half the col- 
leges offer two or more courses. In the previous survey 
only thirty-five per cent of the colleges included qualita- 
tive analysis in the second term of general chemistry. 
This indicates a growing tendency to include qualitative 
analysis in general chemistry. 





1 Presented as part of the Symposium on Teaching Qualita- 
tive Analysis at the 117th Meeting of the American Chemical 
Society, Philadelphia, April, 1950. 

2A subcommittee of the Committee on Examinations and 
Tests (of the Division of Chemical Education of the American 
Chemical Society), composed of the following members: E. K. 
Bacon, Union College; Fred H. Heath, University of Florida; 
C. 8. Martin, Bowling Green State University; Rufus D. Reed, 
State Teachers College at Montclair; H. W. Rogers, Colgate 
University; Bruce V. Weidner, Miami University. 

* Reep, R. D., W. P. Cortetyou, anp A. CALANDRA, J. CHEM. 
Epvuc., 17, 220 (1940). : ‘ 

4 Cooperative Tests Project, Educational Testing Service, 15 
Amsterdam Avenue, New York City. 
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A Committee Report’ 





TABLE 1 
The Place of Qualitative Analysis in College Chemistry 
Curricula 





——T ype of courses 











Number Partof Total 
of re- One se- One gen. courses 
Area plies mester Year chem. reported 
New England 20 16 3 10 29 
New York and 
Middle Atlantic 
States 49 39 6 28 73 
Middle West and 
Northern States 62 36 2 26 64 
South West and 
Southern States 15 11 1 6 18 
— Mountain 
an Pacific 
Coast States 14 10 1 10 21 
Total 160 112 13 80 205 
The Aims of Qualitative Analysis. The collaborators 


were requested to indicate the per cent of a mark which 
they would allot to each of the eleven aims investigated. 
In this survey, as in the previous one, accuracy in analy- 
sis was the most important factor of the mark. Ability 
to write equations for the reactions was ranked sec- 
ond by the general chemistry group and one-semester 
group, but fourth by the one-year group. It was 
ranked second in the previous survey. Solving prob- 
lems was considered more important in. the separate 
course groups than by the general chemistry group. It 


_Wwas given second rank by the year group, third by the 


one-semester group, and fifth rank by the general chem- 
istry group. In the previous survey it was given a com- 
posite rank of fifth. 

Ability to think logically was placed fourth by both 
one-semester and general chemistry groups and sixth by 
the one-year group. In the previous survey it was 
given eighth place. This might indicate that the idea 
of mental discipline is gaining ground. 

Skill in laboratory manipulation is given fourth 
place by the general chemistry group, while it is given 
seventh place by the other groups. Accuracy, com- 
pleteness, and neatness in recording data were given 
last place in the previous survey but placed eighth in 
all three groups of this survey. 

Ability to quote known facts regarding properties of 
substances involved in the analysis was given third 
place in the previous survey but in the present one was 
given fifth place by the general chemistry group, sixth 
by the one-semester group and tenth by the one-year 
group. Ability to specify short-cut methods in analy- 
sis is considered more important in the one-year course. 
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Ability to specify laws and theories concerned in re- 
actions or analytical steps and the ability to translate 
the description of an unfamiliar analysis into terms of 
what an analyst found to be present or absent were 
given low ranks in both the surveys. 

Content of Laboratory Work. The questionnaires in- 
dicate that the following cations are considered of pri- 
mary importance in all courses: aluminum, ammonium, 
barium, cadmium, calcium, chromium, cobalt, copper, 
lead, mercurous, mercuric, nickel, potassium, silver, so- 
dium, and zinc. Where the course is part of general 
chemistry there is some tendency to omit bismuth, 
magnesium, manganese, and strontium. There is a 
stronger tendency to omit arsenic, antimony, and tin. 
All of the above were generally included in the separate 
course. 

Less than five per cent would include in the separate 
course such ions as gold, molybdenum, platinum, and 
tungsten. Lithium held a minor position in both types 
of courses. 

The agreement for the anions was spotty, with only 
bromide, carbonate, chloride, iodide, sulfate, and sul- 
fide considered of primary importance in both types of 
courses. These were followed closely by phosphate and 
sulfite. It is assumed that nitrate should be included 
in this first group but through error was omitted from 
the questionnaire. 

Half of those reporting for separate courses would in- 
clude acetate, arsenite, arsenate, borate, chlorate, 
chromate, ferricyanide, ferrocyanide, fluoride, oxalate, 
thiocyanate, and thiosulfate. For the other course the 
chance for these ions being included varied from thirty- 
seven to eight per cent. 


Calculations. The following table gives the distri- 
bution of the types of problems given in the course and 
considered to be of sufficient importance to be included 
in the general testing program. 

















TABLE 2 
Types of Calculations Considered Important in 
Qualitative Analysis 
Approximate per cent of 
answers approving in- 
clusion 
Part of 
gener Separate 
Type of calculation, chemistry course 
Preparing molar and normal solutions 67 87 
Mass action 72 89 
Ionization constants 69 89 
ae values 66 78 
lubility product 75 89 
Degree of hydrolysis 30 75 
Complex ions 26 75 
Oxidation-reduction and e. m. f. 29 57 





Theory and Other Subject Matter. A study of the 
questionnaires received indicated that over sixty per 
cent of the collaborators considered knowledge of the 
following necessary for a course in qualitative analysis. 
Their relative importance is in the order given: 
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1. Laboratory procedure for the analysis of simple 
unknown groups. 

2. Analysis of unknowns composed of cations from 
two or more groups. 

Control of ionization of H,S and NH,OH and 
utilization in group analysis. 

Theories of ionization of electrolytes. 

Heterogeneous equilibria and solubility product. 

Theory of ionization of water and hydrolysis. 

Theory of oxidation-reduction. 

Simple equations and oxidation-reduction equa- 
tions. 

9. Amphoteric substances. 

10. Theory applied to equilibria of weak electro- 

lytes. 


~ 


SP PS 


Over sixty per cent of the separate course groups but 
less than forty per cent of the general chemistry group 
rated the following as necessary: 


11. Buffer solutions. 
12. Theory and utilization of complex ions. 


Less than fifty per cent of all collaborators considered 
as necessary : 


13. Procedures involving insoluble solid unknowns. 
14. The theory of indicators and pH. ; 

15. Brgnsted theory of ionization of acids and bases. 
16. Calculations involving amphoteric theory. 


Less than twenty-five per cent of all groups would 
consider as necessary the following: 


17. Analysis of cation unknowns containing phos- 
phates. 

18. Colloidal phenomena and adsorption. 

19. Werner coordination theory. 


Conclusions. From a study of the data obtained in 
this survey, one may conclude that: 

(1) Qualitative analysis is usually taught as a one- 
semester course. About fifty per cent of the colleges 
include the subject in the second semester of the course 
in general chemistry. There is a growing tendency to 
consider qualitative analysis as part of general chem- 
istry. About twenty per cent of the colleges offer 
more than one course of qualitative analysis in their 
curricula. 

(2) There is little variation in the cations considered 
in any type of course. There is considerably more vari- 
ation in the number of anions. Where qualitative 
analysis is taught as a part of general chemistry only 
the most common anions are considered. 

(3) For qualitative analysis as part of general chem- 
istry, calculations involving: (1) degree of hydrolysis; 
(2) complex ions; (3) oxidation-reduction, are usually 
omitted. They are included in the separate courses. 
The emphasis on calculations is greatest in the year 
courses. ‘ 

(4) The separate courses include much more theory. 
Where qualitative analysis is part of general chemistry, 
buffer solutions and theory and utilization of complex 
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ions are not stressed. In all courses, there is a tend- 
ency to omit insoluble solid unknowns, theory of indi- 
cators and pH, Br¢gnsted theory, calculations involving 
amphoteric theory, analysis of cation solutions con- 
taining phosphate, colloidal phenomena, and the Wer- 
ner theory. 

(5) There has been no significant change in the aims 
of qualitative analysis in the past ten years In the 





677 


year course, there is more emphasis on the calculations 
and the theoretical subject matter. 
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6 A PROPOSAL FOR A REVERSAL OF TRENDS' 


In uy opinion there are certain values which are po- 
tentially inherent in a course in qualitative analysis and 
which can be uniquely realized by a properly designed 
course, and they are as follows: 

First, such a course offers a unique opportunity for 
the classification, systematization, and correlation 
of a large and useful background of factual inorganic 
chemistry. This is true because the basis of qualitative 
systems is a process of first making use of the more gen- 
eral properties of the.elements for major group separa- 
tions, and thereafter proceeding to utilize increasingly 
more specific properties in order to effect the separations 
of subgroups, of single elements, and, finally, to make 
the confirmatory identification of single constituents. 
Unfortunately, the student frequently is swamped with 
detailed material before this general principle is ade- 
quately emphasized. 

Second, the laboratory work of a course in qualita- 
tive analysis offers a unique opportunity for demon- 
strating the application of a wide variety of chemical 
principles to experimental work carried out by the 
student himself. And at this stage of his development 
there seems to be no substitute for such experimental 
work as a means for fixing these principles and their ap- 
plication; and it should be emphasized that these prin- 
ciples are applicable not only to qualitative analysis, but 
to chemical processes of all kinds. 

Third, a course in qualitative analysis can be of func- 
tional value in illustrating and providing training in a 
wide variety of useful analytical techniques—and 
again emphasis should be placed on the fact that these 
techniques are not restricted to analytical processes. 

As a collateral asset, and one which is frequently un- 





1 Presented as part of the Symposium on Teaching‘Qualitative 
Analysis at the 117th Meeting of the American Chemical So- 
ciety, Philadelphia, April, 1950. 
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derestimated, a course in qualitative analysis offers 
rather unique opportunities for the development in the 
student of a quality which I shall call intuztive resource- 
fulness. Fortunately, no textbook of qualitative analy- 
sis can provide for all of the unforeseen possibilities 
which arise in the course of various analyses, especially 
under student use. Therefore a student is forced to 
face and solve situations on his own initiative; and al- 
though I may not be an entirely impartial observer, I 
believe that there is evidence that students who have 
had a good course in qualitative analysis develop this 
quality to a greater extent than otherwise. 

If we assume that these values exist and are capable 
of realization, we are required to find an explanation for 
the fact that the time allotted to courses in qualitative 
analysis is being rapidly decreased and in some institu- 
tions such courses have been completely abandoned. 

In seeking an explanation for this situation one is 
tempted to accept the situation as inevitable and to as- 
sign the blame to certain specific developments, such as 
the use of spectrographic methods, which have de- 
creased the functional value of the conventional system 
of inorganic qualitative analysis. However, even with 
a full appreciation of these specific developments, there 
seems possible justification for a survey of the status of 
qualitative, and to a certain extent of analytical chem- 
istry, from a much more general point of view. I shall 
begin this survey by developing an analogy, and with 
full appreciation of the danger of argument by analogy. 

There seems to be considerable evidence for the valid- 
ity of the observation, applicable to the development of 
both plant and animal organisms, that when growth 
stops, regression or degeneration begins. Cessation of 
growth may be caused by attainment of a hereditary 
age limit or failure to adjust to changes in environment. 
This same generalization has been applied to social or- 
ganisms, and is observed in Toynbee’s treatment of the 
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rise and decline of civilizations. 1 am inclined to be- 
lieve that this principle can be applied to science, and 
to particular fields of science. In science, and in any 
particular field of science, growth represents a trend 
from a more general, descriptive, and qualitative treat- 
ment of the phenomena, principles, or techniques of that 
field toward a treatment which is specialized and quan- 
titative. Furthermore, I am inclined to believe that 
one measure, and a reliable one, of the rate of growth in 
such a field of science is the research productivity 
within that field. 

If, for the sake of argument, the above general prin- 
ciple and analogy are accepted, and if research activity 
is a valid measure of the growth in a scientific field, we 
are forced to the conclusion that qualitative analysis is 
in a questionable state of health. To pursue the anal- 
ogy further, the question then arises as to whether qual- 
itative analysis has reached its natural span (and is ap- 
proaching a senile old age) or whether it is in a process 
of adjustment to a changing environment. There is no 
doubt that the development of instrumental techniques 
has represented a change in environment whereby the 
the conventional system of inorganic qualitative analy- 
sis has lost much of its functional value. In order to as- 
certain if qualitative analysis has reacted to meet this 
environmental change, one must look for signs of trends 
in that field. Certainly the most obvious such trend, 
and perhaps the only one in the past twenty years, has 
been the extensive shift from the macro to the semimicro 
scale of operation. 


I have the highest respect for the semimicro, micro, 
and ultra-micro techniques—where they have been ap- 
plied in order to achieve an increase in sensitivity or in ac- 
curacy of measurement to necessarily limited samples. 
But I believe you will agree that the application of the 
semi-micro technique to qualitative analysis has not re- 
sulted in a more exact, a more quantitative, or a more 


critical approach to qualitative analysis. Therefore, 
this development does not represent a normal scientific 
or functional growth, but is rather an adaptation to en- 
vironmental change whereby the conventional sys- 
tem of qualitative analysis has become essentially a 
pedagogical device for teaching inorganic chemistry to 
freshmen. 

I do not believe it possible for a freshman course 
alone to realize the full potentialities of the subject, but, 
in a large majority of the institutions where quali- 
tative analysis is given in the freshman course, there is 
no subsequent course of a more advanced nature. A 
freshman has not had the time previously, nor is he 
given the time during the course, to accumulate and as- 
similate the background of factual information which 
is necessary before he can appreciate the systemization 
and coordination which a qualitative system can make 
possible. He has not had time to acquire sufficient 
mastery of the many principles which are utilized in a 
qualitative system so that he can fully appreciate their 
application to his work. Nor has he had the time to 
acquire adequate experimental proficiency for him to 
fully exploit the experimental potentialities of the con- 
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ventional system of qualitative analysis, to gain confi- 
dence in his own experimental ability, or to gain respect 
for chemistry as an experimental science. Because of 
this I am afraid that too often we will find chemists who, 
when asked regarding their impression of their qualita- 
tive course, will reply as one did: “One damn sloppy 
mess after another.’ 

Perhaps the first question we should have considered 
ina general survey of the status of qualitative analysis 
was our definition of the term. Upon resort to the dic- 
tionary one finds the following: qualitative analysis—a 
chemical system for establishing the identity of the con- 
stituent or constituents composing a material. And in 
apposition one finds quantitative analysis defined as a 
chemical system for establishing the quantity of these 
constituents. Even though there was little chance for 
confusion I initially restricted our considerations to sys- 
tems of inorganic qualitative analysis, since organic 
chemists are more nearly correct from a semantic point 
of view than are the inorganic chemists. The organic 
chemist is much more frequently interested in determin- 
ing the identity of a single compound and is not inter- 
ested in incidental minor impurities. On the other 
hand the inorganic qualitative system is designed and 
used not only for the detection of an arbitrary and ex- 
tensive group of cations and anions, but for obtaining 
additional information as to the quantity which may be 
present. Even the terms present and absent carry 
quantitative significance, since absent means not pres- 
ent in quantities above the arbitrary sensitivity limits 
of the particular system being used. Because of these 
facts, a system of inorganic qualitative analysis which 
is to be of functional value is of necessity quite extensive 
and complicated. As a result, in my opinion, a really 
effective qualitative analysis demands a much greater 
background of factual material, a more comprehensive 
grasp of principles, and the application of a wider vari- 
ety of techniques than does the conventional idealized 
quantitative determination found in elementary texts. 

Now let us turn for a moment to the course in quanti- 
tative analysis. One of the criticisms which has been 
directed toward most such courses, and one which I be- 
lieve is quite justified, is that the work is tending to con- 
sist largely of highly idealized procedures, involving 
samples carefully selected to minimize interfering sub- 
stances. Asa result the student gets little opportunity 
to develop the resourcefulness required to cope with the 
situations which almost invariably arise in the analysis 
of “things as they are.’’ As evidence of this might be 
cited occasions when I have seen graduate chemists 
who were dejected and resentful pictures of frustration 
after their first experience with’ such analyses. Stated 
differently, they had had no experience in quantitative 
separations. And is there any fundamental difference 
between quantitative and qualitative separations? 

Thus, to summarize the results of our general sur- 
vey, we have seen first, that the trend in inorganic 
qualitative analysis is toward a less exact, less criticial, 
less quantitative treatment of the subject and that 
this trend is the result of a decline in the functional use 
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of the field and of the attempt to adapt it as a pedagogi- 
cal tool for teaching inorganic chemistry at the fresh- 
man level. Secondly, we have seen that: there is a cer- 
tain amount of common territory between the fields of 
qualitative and quantitative analysis, specifically, the 
field of separations, and that there is common neglect 
of this field. Furthermore, this neglect is increasing 
because of the above mentioned trend in qualitative 
courses, and because of an increasing trend in elemen- 
tary quantitative courses toward specialized instru- 
mentation. I fully appreciate the rapidly increasing 
importance of instrumentation and the necessity for 
training in instrumental measurements, but the prema- 
ture introduction of instrumentation into elementary 
courses, before mastery of the physical and physico- 
chemical principles involved, will tend to produce tech- 
nicians rather than creative chemists. 

As a result of the above survey I should like to submit. 
certain proposals for the consideration of those inter- 
ested in the teaching of inorganie and analytical chem- 
istry. These proposals are submitted in generalized 
form and only as topics for consideration and evalua- 
tion, for there are many specific and local factors which 
cannot be considered in the time available. The ex- 


perimental basis for these proposals is twenty or more 
years of trials and errors with the general trend having 
been and continuing to be in the directions proposed. 
First, I would like to propose, where the qualitative 
analysis course is given in the sophomore year, that 
there be a reversal of sequence and that the introductory 


quantitative analysis course be given first. I have in- 
dicated above my belief as to the relative requirements 
of principles, facts, and techniques of a qualitative anal- 
ysis and a quantitative determination. Where it is 
desired to give work in qualitative analysis in the fresh- 
man year, I would propose that there be much less de- 
tailed material presented and much more emphasis 
placed upon correlation with the periodic table and the 
use of certain fundamental properties of the elements 
as means of effecting analytical objectives. 

Second, and returning to semantic considerations, | 
would propose that the name Qualitative Analysis be 
abandoned for the course to be given following the quan- 
titative work. I would not be concerned as to the ex- 
act. title; it could be Systematic Analytical Chemistry 
or any one of several similar titles. This may be un- 
necessary quibbling, but I believe, because of the pres- 
ent trend in qualitative analysis, that there is an ad- 
vantage in avoiding that title, especially where quali- 
tative work is retained in the freshman course. 

Third, I would propose that the classwork of this 
course consist of a survey and a critical evaluation of the 
general methods which are used for quantitative separa- 
tions (the same methods used for group separations in 
systems of qualitative analysis). Here strong empha- 
sis is placed upon conducting this survey from a system- 
atic, a quantitative, and a critical basis. One fault with 
conventional systems of qualitative analysis arises from 
the fact that they have been so idealized for pedagogi- 
cal convenience that students are led to believe that 
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many separations are of practical value which are so im- 
perfect that they should not have been used even as 
pedagogical devices. This survey would not restrict 
itself to precipitation methods, but would include sep- 
arations based upon volatilization methods, upon sol- 
vent extraction, upon the use of the more general organic 
reagents, and even a consideration of the potentialities 
of ion exchange processes. 

Mass action principles having been developed in 
connection with the introductory quantitative course, 
they could be applied here much more quantitatively, 
but much more critically, that is with a fuller realiza- 
tion of the limitations and liabilities involved. 

And, finally, I would propose that the laboratory 
work of this course consist of the analysis of “things as 
they are.’””’ Samples would be used which would force 
the student to begin with the preparation of the solu- 
tion, to study critically each step involved in the separa- 
tion or elimination of interfering constituents, as well 
as the losses which occur in each of these steps, and to 
consider the most appropriate method for the quantita- 
tive determination of that constituent, regardless of 
whether it is of minor or major quantity. 

I am not proposing a return to the marathon or 
“complete” quantitative analysis, but rather the de- 
termination of a particular constituent in each sample. 
In such a course the student would not complete a large 
number of analyses in the time usually allotted, nor 
would he be able to attain the accuracy which is usually 
expected when idealized samples and rigidly prescribed 
procedures are used. But he would have a better con- 
ception of the background involved in such procedures 
and a more realistic appreciation of the difficulties in- 
volved in maintaining accuracy where a sequence of 
separations is involved. In other words, the introduc- 
tory quantitative course would demonstrate the poten- 
tial accuracy of quantitative gravimetric and volumet- 
ric measurement; this course would demonstrate the 
liabilities and difficulties involved under practical con- 
ditions before these measurements can be applied. 

In conclusion, I am proposing a reversal of trends in 
the presentation of the material usually given in the so- 
called qualitative analysis course. A reversal from the 
present trend toward a more general and less exact 
presentation of facts, principles, and techniques; a re- 
versal to a more quantitative and critical presentation 
of essentially the same material in both class and labo- 
ratory. This proposal is made in the belief that instead 
of such a course being considered as merely a pedagogi- 
cal device it would become one of functional and profes- 
sional value; and, furthermore, that the content of the 
course, call it what you will, would become worthy of 
research and development, that is, of scientific growth. 
I am sure the workers in quantitative analysis will be 
the first to emphasize the opportunities for research and 
development in the field of quantitative separations. 
Finally, I believe that such a reversal would result in 
this course becoming a much more effective pedagogical 
tool for the attainment of those values potentially in- 
herent in the course of qualitative analysis. ‘ 











CHEMISTRY’ 


T'uenz is some tendency for styles in chemical educa- 
tion to change with time much as do styles in anything 
else. No one today questions the fundamental impor- 
tance of quantitative analysis in the education of a 
chemist, but it is not without significance to note that 
during the nineteenth century qualitative analysis oc- 
cupied a similarly important position in the university 
chemistry program. In his interesting and amusing 
paper on his student days in Germany, McKay?’ tells 
how much attention was given to qualitative analysis in 
Bunsen’s laboratory and in other German laboratories. 
Even in this twentieth century many of us put in a full 
year or more of work in a course in qualitative analysis. 

But during the past twenty years the qualitative 
course has declined steadily and extensively in promi- 
nence and prestige until now it is sometimes omitted al- 
together or, in many schools, included as part of the 
work in general chemistry laboratory, with little or no 
classroom discussion. 

Does this decline represent merely a yielding to the 
pressure for including more and more new kinds of ma- 
terial in our chemistry course? Did the former promi- 
nence reflect only the paucity of information in the 
other branches of chemistry? Have modern chemical 
educators become cynical about the value of the work 
in qualitative? Were the values that justified its in- 
clusion a generation ago merely imaginary ones or, if 
real, are they now being realized in other parts of the 
program? Are those of us who still teach it—and at 
times even defend it—merely old fogies supporting a 
lost cause because of vested interests or because we 
simply cannot see the direction in which chemistry is de- 
veloping? 

These are some of the questions that demand answers 
when we are trying to decide the place, if any, of quali- 
tative analysis in the chemistry program. Others on 
numerous occasions have raised the very points that I 
shall consider; nevertheless, I want to present some as- 
pects of my own evaluation. 


DECLINE OF QUALITATIVE ANALYSIS 


One important factor in the decline in importance of 
courses in qualitative analysis has no doubt been the 
realization that qualitative analysis as ordinarily 
taught can hardly justify itself as a practical art. 
Anyone will agree that the schemes of analysis as ordi- 





1 Presented as part of the Symposium on Teaching Qualitative 
Analysis at the 117th Meeting of the American Chemical Society, 
Philadelphia, April, 1950. 

2 McKay, L. W., J. Cuem. Epuc., 7, 1081 (1930). 
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narily presented are really not sufficient if we’re inter- 
ested merely in detecting the components of an arbitrary 
mixture. Organic compounds are omitted; the selec- 
tion of cations is not adequate to analyze even a simple 
alloy steel; anions are commonly treated hastily or 
even omitted altogether; silicates, especially, though 
they comprise the great mass of the earth’s crust, are 


commonly considered too troublesome to include. 


Moreover, spectrographs and other instruments, with a 
speed that no chemical analyst can match, will answer 
many of our questions about the constitution of a sam- 
ple. Asa result of this essential impracticality, courses 
in qualitative analysis have become, to a very great ex- 
tent, vehicles on which are loaded a burden of theoreti- 
cal and descriptive material much of which does not fit 
easily into any other course. 

This situation developed in an entirely normal way. 
Chemistry began as a descriptive science and to a con- 
siderable extent still remains one. Early chemists 
were greatly preoccupied with preparation, separation, 
and characterization of materials. Since this type of 
activity is closely allied to that in qualitative analysis it 
is not difficult to understand the emphasis that was long 
placed on the latter. During the years when new ele- 
ments were being discovered periodically there was a 
sort of glamor attached to the work which, I fear, our 
students now largely fail to see or appreciate. With 
the development of physical chemistry, particularly, the 
emphasis gradually changed from the descriptive to the 
interpretative aspects of the science. Some chemists, 
notably Stieglitz, attempted to fuse the two—that is, to 
superpose on the empirically developed methods of 
analysis a physicochemical interpretation. This attempt 
was so successful that nowadays any self-respecting 
course in analytical chemistry includes large portions of 
equilibrium theory. In fact, this is now presented as 
one of the better reasons for offering courses in qualita- 
tive analysis. 

To summarize, then, a generation ago the work in 
qualitative analysis apparently was intended to accom- 
plish the following ends: 


1. To present, didactically and experimentally, in- 
formation about the appearance and properties of a 
number of inorganic compounds. 

2. To develop, again didactically and experimen- 
tally, knowledge about, and experience in, utilizing dif- 
ferences in properties to effect separations. 

3. To explain and illustrate the application of gen- 
eral chemical principles, especially equilibrium consid- 
erations, to numerous specific reactions and situations. 
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4. To develop, experimentally, facility in deductive culating concentrations of solutions, solubility-product 
reasoning, skill in recognizing, evaluating, and correct- and ionization equilibria, pH, and so on and so on. 
ing the situation that is “not according to Hoyle,” and Something is bound to be left until later in the semester 
ingenuity in devising procedures for particular pur- and it isn’t necessarily the least important material. 


poses. Then, near the end of the semester, when he does get 
around to some of these topics, as likely as not the 
ACHIEVEMENT OF OBJECTIVES students will ask, “Why didn’t you tell us about that in 


All of this raises the questions of whether such mate-__ the first place?” 


rial is really indispensable, whether it might better be 
included elsewhere, whether the outlined values are in 


QUALITATIVE VS. QUANTITATIVE ANALYSIS 


fact realized in the course, and whether the values Consider, on the other hand, the corresponding situa- 
allegedly derived from qualitative work justify all the tion with respect to quantitative analysis. If we start 


bother. 


with gravimetric work (which seems to me to be the 


First of all, are these still reasonable aims in teaching least complicated both theoretically and experimen- 


chemistry? 


Most would agree that they are worth tally) the background of information needed to perform 


while, though not, of course, the o.ly aims that should intelligently in the laboratory is much less; all you 
be considered. really need is knowledge of the law of definite propor- 

Will they be adequately covered in other courses if tions and information on how to use the balance. Such 
qualitative is abandoned? Most would agree that this information is included in every general chemistry lab- 
is not completely assured. oratory course. During the weeks in which reasonably 

Are there more pressing demands for other types of intelligent work is being done on gravimetric determina- 
material—demands that could be met if the qualitative _ tions thelecturer hasan opportunity topresent stoichiom- 
course were sacrificed? The answer to this question etry and the stoichiometric basis of volumetric analy- 
requires a complete overview of the entire chemistry _ sis, including, all along, practice in writing and balanc- 
curriculum and, in general, the answers will have a ing equations. While the laboratory work in volumet- 
highly individualistic flavor determined by the particu- ric analysis is proceeding, again reasonably intelli- 
lar interest of the persons giving them. Everyone, of gently, the lecturer can cultivate equilibrium theory 
course, wants the program to include more of every- and similar topics. At every stage, then, the necessary 
thing, including, particularly, his own specialty. It is, theoretical material can be presented either before or in 
as I see it, valuable to debate this point but hopeless to connection with the corresponding laboratory utiliza- 
expect to arrive at an unequivocal answer. That many _ tion of it. 


chemical educators think these other demands are more But this supplies in large part the information ur- 
pressing is, however, indicated by the move toward de- gently needed before beginning the work in qualitative 
emphasizing the qualitative course. analysis. Consequently it appears that the factors limit- 


Are the alleged aims in fact accomplished in courses _ ing the realization of the potential values of the course in 
in qualitative analysis? This is the crucial question qualitative analysis can be largely eliminated by simply 
and most would hesitate to give an unqualified affirma- interchanging the traditional order of these two courses. 


tive answer. 


It is, again, because so many chemists Before we can do this we must, however, rid ourselves 


answer this question negatively that qualitative analy- of two common fallacies in our thinking about these two 
sis has declined so greatly in prestige. courses. 

But if the values mentioned are worth striving for at The first fallacy is that our work in analytical chem- 
all, the way in which the qualitative course is being so istry must follow the logical sequence of discovering 
extensively modified seems to me to be in the wrong di- what is present before we determine how much. Ac- 
rection, with the result that, in my experience, fre- tually, who now requires a qualitative analysis of a 
quently very little value is derived from the work. sample submitted for quantitative analysis? So far as 

One fundamental difficulty with qualitative courses I know, everyone tells the student the general nature of 
seems to be that the work tends to degenerate into the his quantitative samples; we also ordinarily tell him 
much deplored cookbook chemistry, with students going the nature of the interferences or assure him that none 
blindly through lengthy procedures to end up with re- are present. 
sults of questionable significance. Such blindness can be The second fallacy is that experimental qualitative 
remedied only by giving the student appropriate pre- analysis is easier than quantitative analysis. On the 
liminary information before he undertakes the labora- contrary, I tell my students, qualitative analysis with 


tory work. 


no holes barred is the toughest branch of chemistry. 


Qualitative analysis is, unfortunately, one of those Even teachers are likely to forget the extent to which 
courses in which the student should know at the begin- laboratory courses in qualitative analysis are artificially 
ning everything that he knows at the end ifheistocarry simplified by omitting trouble-making components: 
out the laboratory work reasonably intelligently. Pity we leave out organic compounds, the rare earths, tung- 
the poor teacher! At the very beginning of‘the course sten, molybdenum, vanadium, commonly silicates and 
he sees urgent need for instruction in writing and bal- fluorides, oxalates and tartrates. In fact we end up 


ancing equations, in formulating complex ions, in cal- 


with a severely restricted collection. of ions, some of 
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which justify their inclusion not by their relative impor- 
tance but by their essentially trouble-free characteris- 
tics. Compared with the difficulty of accomplishing 
the separation from the extraneous materials, the final 
quantitative estimation is usually quite simple. In the 
eyes of students qualitative analysis seems to be easier 
than quantitative partially because it does not ordinar- 
ily demand the extreme care and resulting tenseness; 
it is this tenseness that they mind. 


INVERTING THE ORDER 


This inverted arrangement of the two courses has 
been in operation at Duquesne University for five years 
and it is now possible to attempt an evaluation of some 
parts of it. The analytical work falls normally in the 
sophomore year and consists of three lecture-recitation 
periods and eight hours of laboratory work each week 
for two sixteen-week semesters. The textbook in quan- 
titative has been Kolthoff and Sandell* and.in qualita- 
tive, Curtman.‘ As preparation for this work a consid- 
erable portion of the second semester’s work in general 
chemistry is devoted to quantitative experiments: 
gravimetric chloride, volumetric soda ash, and oxalate 
by permanganate, for example. As a result, students 
entering the analytical course have a fair acquaintance 
with stoichiometry and with the techniques of weighing, 
filtering, and titrating. 

It is difficult to establish the success or failure of the 
plan as a whole as there are no obvious criteria that can 
be applied and no simple way to set up and evaluate 
control groups. After fairly extensive experience with 
both arrangements I have come to the conclusion that 
this is more satisfactory than the traditional one. 

One incidental value seems to be an improvement in 
the laboratory work in qualitative. Apparently some 
of the careful attention to detail learned in the quantita- 
tive work carries over into the subsequent course. So 
far as I can tell the quantitative work is as good in 
quality as under the usual system but it seems that at 
first the students work more slowly; hence there is 
greater difficulty in having them complete a satisfac- 
tory number of determinations. We try to maintain a 
schedule of one determination per week but we are usu- 
ally satisfied if they complete twelve during the semes- 
ter. 


DIFFICULTIES 


The unavailability of appropriate texts is a difficulty 
and a handicap. Most quantitative texts assume a 
knowledge of qualitative; most qualitative texts assume 





3 Kouruorr, I. M., ano E. B. SANDELL, ‘Textbook of Quantita- 
tive Inorganic Analysis,’”’ The Macmillan Co., New York, 1943. 

4 Curtman, L. J., “Qualitative Chemical Analysis,’ The Mac- 
millan Co., New York, 1938. 
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only fragmentary knowledge of, for example, stoichiom- 
etry and equation writing. Consequently, the lecturer 
has to shoulder a considerable burden of presenting ma- 
terial not in the text and rearranging the material that 
is there. 

Along with such a rearrangement of material there is 
almost necesssarily a somewhat different selection. 
The quantitative course, for example, is somewhat defi- 
cient in discussion of procedures not actually carried 
out in the laboratory. The qualitative course, on the 
other hand, is considerably enriched. It includes, for 
example, a fairly extensive discussion of general acid- 
base theory and of the structural factors that determine 
acid strength, a consideration of the formation and 
properties of precipitates, and an outline of the chemis- 
try of some of the elements not included in the schemes 
of analysis. 

Eventually we hope to modify the traditional labora- 
tory work in qualitative rather extensively. There 
seems to be little point in going through the usual 
schemes of analysis more than once or twice at the ex- 
pense of new and different kinds of procedures. At 
present we do preliminary experiments, a known mix- 
ture, and an unknown for each cation group. This is 
followed by a general cation unknown, and then the an- 
ions are treated similarly. Silicates, fluorides, oxalates, 
tartrates, and all the usual anions are included in the 
anion work. Finally there is a complex mixture to be 
examined for both cations and anions. This mixture is 
always made up in such a way as to require a carbonate 
transposition. If a student finishes early, as is some- 
times the case, he is simply given more work of the same 
kind. It is our hope to introduce, instead of such repe- 
tition, some experiments of a physical nature, such as 
the use of a pH meter for adjusting the acidity before 
precipitating cation Group II, an experimental deter- 
mination of an equilibrium constant, or perhaps some 
preliminary work with important but neglected metals 
such as vanadium, molybdenum, and titanium. Those 
who hold the responsibility of ‘‘tooling-up’’ laboratories 
for new procedures and instructing assistants to take 
charge of experiments they probably have never per- 
formed themselves will understand why modifications 
of this sort have not already been carried out. 

In conclusion, I want to enter a strong plea for a con- 
tinuing critical attitude toward all aspects of our tradi- 
tional chemistry program, backed up, where possible 
and feasible, by an appropriate experimental approach. 
By such an attitude, and only by such an attitude, can 
we be sure that our instruction will keep pace with the 
rapidly changing emphases in the great world of chemis- 
try and only in this way can we prepare our students 
adequately to assume without too serious handicap the 
burdens that will be thrown at them when they leave 
school to become a part of that world. 
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T ue fundamental importance and the wide usefulness 
of the concept of standard electrode potential in the 
interpretation of reactions between oxidation-reduction 
systems hardly need to be emphasized to readers of 
Tuis JouRNAL. The tables giving the standard poten- 
tials at pH 0 and 14 (1) give only an incomplete picture 
of the reactions in which these systems participate, for 
at least two reasons; first, it is difficult to build for one- 
self a mental picture of many of these potentials at pH 
values different from 0 or 14, and second, some oxida- 
tion-reduction reactions cannot occur at pH 0 or 14 but 
can occur at intermediate pH values. A complete 
graphic representation of potential-pH relationship dis- 
poses of these and other difficulties. 

As far as we have been able to ascertain, potential-pH 
diagrams were first used by Clark (2) to represent the 
electrochemical equilibria of H+ ion with molecular H: 
and of molecular O, with water. Clark also used other 
potential-pH diagrams and Michaelis (3) used them in 
his studies of organic Redox systems. The construction 
of potential-pH diagrams for a number of elements 
(Fe, Cu, Cr, N) has first been described by one of us 
(4). This construction is entirely based upon the use of 
thermodynamic data. Charlot (5) makes an extensive 
use of these diagrams to explain reactions occurring be- 
tween some redox systems of importance in analytical 
chemistry. 

The object of the present paper is to give an outline 
of the fundamental theory of these diagrams, to explain 
in some detail the construction of a typical one, namely 
that of iron, and to pcint out some typical applications 
of the diagrams in inorganic, analytical, and electro- 
chemistry. 


THERMODYNAMIC FORMULAS 
Oxidation-Reduction Reactions 
We shall use as the general expression for an oxida- 


tion-reduction reaction—writing always the oxidized 
form on the left-hand side—the following: 


az Ox + m Ht + ne~ = y Red + 2 H,0 (I) 


in which the net charge of y Red — x Ox must be equal 
to that of m H+ + ne-. 





1 Paper presented before the Division of Chemical Education 
of the American Chemical Society at the 118th National Meet- 
ing in Chicago (September 1950). 
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Designating by y, the electric potential on the elec- 
trode side of the interface, by y, the electric potential on 
the solution side, by u the chemical potentials or partial 
molal free energies of reactants and products, and by F 
the faraday, the condition of electrochemical equilib- 
rium for reaction (I) is 


1 
%—-w= nF (tuox + Munt + Mye- — YuRea — ZuH,0) (II) 


Separating the y’s into standard y’s and activity terms 
we get 


1 
ve — ve = oF (tu°ox + mu°Ht + nye — yuoRed — 24°H,0) 
RT, a*oxa"n+ 


+ nF In Pasta (IIT) 


If we subtract from this general expression the par- 
ticular value of the potential difference for the standard 
hydrogen electrode (uy, = 0 for 1 atmosphere and 
25°C., u°x+ = 0, u,- having the same value since the 
two metallic terminals are assumed identical) we ob- 
tain the “potential” of system (I): 





Th°ox — Yoo Red — ZK° HO m 
E=-* aa O70n fae _ — + 
s a*ox 
vo Cote oY 
in volts, the u°’s being in calories. 

In all our calculations it will be assumed that the ac- 
tivity of water is constant and equal to that of pure 
water. The activities of the solutes are products of 
molalities with practical activity coefficients. The 
molality of water is thus always equal to 55.5 and its 
practical activity coefficient is assumed equal to one. 
This very good approximation may, however, be in- 
sufficient in some cases where information of a high 
order of accuracy might be desired. For many of the 
applications of these diagrams valuable qualitative in- 
formation can be obtained by reading the activities as 
concentrations (particularly in the dilute ranges of con- 
centrations). In other cases the differences between 
molalities and concentrations, ionic strength effects on 
activity coefficients, etc., may have to be taken into 
account. The diagrams will nevertheless constitute in 
all cases a convenient point of departure from which 
information of any desired degree of accuracy can be 
obtained by suitable successive approximation. It is to 
be noted that the well-known uncertainties about pH 
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determinations, salt effects on pH values, etc., also 
affect the accuracy of the information obtainable from 
these diagrams. As a whole, we wish to state that our 
plan is not to attempt to reach the maximum possible 
accuracy, or even to mention all necessary refinements, 
but rather to present a certain body of available infor- 
mation in a novel integrated form which we believe to 
be a fruitful one for many diverse applications. 


Examples of Application of Equation (IV) 
(a) Equilibrium Fet++ + e~ = Fet++: One finds 


in Latimer’s tables (1) that u°,,+++ = —2530 cal. and 
poy.t+ = —20,310 cal. at 25°C. We thus have 
_ —2530 + 20,310 aye+++ 
E= —3070 + 0.0591 log pares 


= 0.771 + 0.0591 log *—— 


(b) Equilibrium MnO,- + 8H*+ + 5e- = Mnt+*++ 
4H,0: From the tables u°y.o.- = —100,600 cal., 
Beuat+ = —48,600 cal., and u°g.o = —56,690 cal. 
Hence 
— 100,600 + 48,600 + 4 X 56,690 

5 X 23,070 





E= — 0.0591 x 


: pH + 0.0591 


= 1.516 — 0.0944 pH + 0.0118 log =— 





QmMn0Oy~ 
] 4 
5 og QuMn*++ 


Reactions without Changes in Oxidation Numbers 


Reactions of the form 
pA +mH*+ = qB +2H,0 (V) 
in which the charge of gB—>pA is equal to that of m H+ 
have equilibrium constants 
K = 48 X amo (VI) 


a’, X a*qt 





and, since u°,+ = 0, 


pura — gu°B — 2n°H0 
2.3RT 


in which 2.3RT = 1363 cal. at 25°C. 


When A is a hydroxide and B the corresponding posi- 
tive ion we have 


log K = 





(VII) 





oO “ie ° oat, 
1 puta — qu’s — 2um0 _ pH (VIII) 


been = 1363 
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Figure 2. Potential-pH Diagram for Water, Hydrogen, and Oxygen 
Example of Application of Equation VIII 


For the equilibrium Fe (OH), + 2H+ = Fet++ + 
2H:20 we find (1) u°scom, = — 115,660 cal., u°s.++ = 
— 20,310 cal., u°s,0 = — 56,690 cal. and hence 


—115,660 + 23,310 + 2 K 56,690 _ 
1363 





2 pH 


log aFett = 
= 13.23 — 2 pH 


The three types of equilibrium represented on Figure 
1 are self-explanatory. The first and third cases cor- 
respond to changes of oxidation numbers, the second 
case to constant oxidation numbers. The potentials are 
plotted as ordinates and the pH values as abscissas. As 
potentials move upward on the vertical axis they be- 
come nobler, 7.e., more positive when one considers them 
as differences from electrode to solution, more negative 
in the opposite case (1). 


THERMODYNAMIC STABILITY OF WATER 


Equilibrium between Hydrogen Ion and Hydrogen Gas 


The reaction 2H*+ + 2e- = Hz: corresponds to the 
equilibrium potential 


E = —0.0591 pH — 0.0295 log Px, 





a E S 


XOx + Nes y Red pA+ mH® gB+7H,0 




















pH pH 


XOx+ ™mH+ Ne= 


ot 


in which Py, represents the gaseous hy- 
drogen pressure in equilibrium with the 
dissolved hydrogen. This E-pH equation 
is represented by the straight line 1 in 
Figure 2. The slope of this line is —0.0591. 
There are also, above and below line 1, 
parallel lines corresponding to pressure of 
10-? and 10+? atmospheres of hydrogen. 
pH States of potential and pH above line 1 








Equilibrium State Independ- 
ent of pH 


Equilibrium State Independ- 
ent of Potential 


Figure 1 





Equilibrium State Depend- 
ent on pH and Potential 


correspond to a predominance of H,O (ox- 
idized form H+), while states of potential 
and pH below line 2 correspond to a pre- 
dominance of He, (reduced form). The 
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vertical distance from line 1 to each one of these parallel 
lines is 0.0591 volt. 


Equilibrium between Oxygen and Water 
The reaction 
O;, + 4H* + 4e- = 2H,0 
corresponds to the equilibrium potential (7) 
E = 1,229 — 0.0591 pH + 0.0148 log Po, 


which is represented by the straight line 2 in Figure 2. 

The positions of the parallel lines for pressures of 
10-? and 10+ atmospheres of oxygen show that the re- 
gion above line 2 corresponds to the predominance of 
Oz, the region below to the predominance of 
H:0 which is therefore stable between lines 1 and 2. 
The vertical distance from line 2 to each one of the 
parallel lines is 0.0295 volt. Figure 2 is similar to one 
originally presented by Clark (2). 

A complete representation of the oxygen-water sys- 
tem should include lines corresponding to the reduction 
of O2 to H,O2 and of H,O. to H,O. Ozone should also be 
considered. These additional aspects of the complete 
O.-H,O diagram will be examined elsewhere. 


POTENTIAL-pH DIAGRAM FOR IRON 


The method which will now be outlined for the con- 
struction of the potential-pH diagram for iron is general 
for all diagrams of this type. The successive stages of 
the construction are represented in Figure 3. Only the 
lines corresponding to unit activities or to unit ac- 
tivity ratios have been drawn, except in the cases of 
lines 8, 9, and 10 for which the activity represented is 
10-*. The lines corresponding to equations 11 and 12 
below have not been drawn on account of the uncer- 
tainty of the thermodynamic information concerning 
the FeO,—~ ion 

The reactions and corresponding equilibrium equa- 
tions used in the construction of the diagram are as 
follows: 


Fet+ + 2e- = Fe E = —0.440 +,0.0295 log are++ (1) 
Fe(OH). + 2H*+ = Fe++ + 2H,0 log aye++ = 13.23 — 2 pH 
(2) 


Fe+t++ + e- = Fett 





E = 0.771 + 0.0591 log = (3) 


Fe(OH); + 3H*+ = Fe*+*++.+ 3H2O * log ap.+++ = 4.62 — 


3pH (4) 

Fe(OH), + 2H*++2e-=Fe+2H,0 EF = —0.049 — 0.0591 
pH (5) 

Fe(OH), + H+ +e- = Fe(OH), +H,O E = 0.262 — 0.0591 
pH (6) 


en See +e = Fet+ + 3H,0 (7) 
= 1.044 — 0.177 pH — 0.0591 log ar.++ 


HFeO,- + H+ = Fe(OH), log aureo,- = —18.30 + pH (8) 


HFeO,- + 3Ht “J 2e- = Fe + 2H,0 (9) 
E = 0.501 — 0.0886 pH + 0.0295 log anro,- 


Fe(OH), + e~ = HFeO.~ + as (10) 
= —0.839 — 0.0591 log GH FeO, ~ 


FeQ,-~ + 8H* + 3e- = Fet++ + 4H,0 (11) 


E = 1.7 — 0.157 pH + 0.0197 log 22%— 


Gpett++ 





FeQ,-— + 5H* + 3e— = Fe(OH); + H,O (12) 
E = 1.6 — 0.0985 pH + 0.0197 log areo,-- 


i i i 1 1 l 
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Figure 3. Successive Stages in Construction of Potential-pH Diagram 
of Iron 
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Figure 4. Potential-pH Diagram of Iron 


Below line 1 and on the right of line 2 the activity of 
the Fe++ ion is smaller than one. Above line 3 the 
ratio dy,+++/dy,++ is greater than one, etc. 

In a complete diagram one should also take into ac- 
count the ferrite ion FeO, resulting from the ioniza- 
tion of Fe(OH); in very alkaline media (see (1), p. 214), 
the magnetic oxide Fe,;O, and other mixed oxides (see 
(4), p. 85), the ferry] ion FeO** (see (1), p. 208), and 
possibly other compounds. 

Figure 4 is a somewhat complete potential-pH dia- 
gram giving most of the essential aspects of the be- 
havior of iron and of its ions and hydroxides in pres- 
ence of water. The thick lines 1, 2, 3, 4, 5, 6, and 7 rep- 
resent equilibria between two solid phases (lines 5 and 
6), equilibria between a solid and an ion at activity one 
in solution (lines 1, 2, 4, and 7), and an equilibrium be- 
tween two ions in solution with an activity ratio equal 
to one (line 3). The thin lines parallel to 1, 2, and 7, as 
well as lines 8, 9, and 10 represent equilibria between a 
solid and ions at activity 10~° in solution. It will be 
noted that lines 3, 4, and 7, lines 2, 6, and 7, and lines 1, 
2, and 5 have common points of intersection. The two 
dotted lines represent the equilibria between water and 
H, and Oy» already given in 
F Figure 2. They are the 

limits of the domain of 
thermodynamic stability of 
water with respect to H: 
1 (lower line) and O, (upper 


4 05 line) at one atmosphere. 
Red, 


It should be pointed out 
pH 1 to 10~-® includes prac- 





that the interval of activities 
tically the whole range 
of concentrations normally 
encountered in chemistry. 











Figure 5. Superposition of Two 
Potential-pH Diagrams 
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APPLICATION TO INORGANIC CHEMISTRY 


The iron diagram of Figure 4 explains, among other 
things, the following well-known facts: Metallic iron 
causes evolution of hydrogen from water, as is shown by 
the relative positions of line 1 and of the line correspond- 
ing to the reaction 2H+ + 2e- = He. Ferric hydroxide 
is much less soluble than ferrous hydroxide, as is shown 
by the position of lines 2 and 4. Freshly precipitated 
ferrous hydroxide is oxidized by oxygen, as is shown by 
line 6 and by the line corresponding to the reaction 
O, + 4H+ + 4e- = 2H,0. 

Many interesting facts can be deduced from the 
simple principle illustrated in Figure 5 which involves 
the superposition of the diagrams of two elements: 
The oxidant. Ox, oxidizes the reductant Red, because 
the equilibrium line I is above line II. Figure 6, for in- 
stance, explains why chlorine oxidizes water with evolu- 
tion of oxygen while bromine requires an acid medium 
for the same reaction and why iodine practically does 
not oxidize water. Figure 6, which is very incomplete 
because it neglects all compounds of the types HCIO, 
ClO-, etc., has been constructed on the basis of the 
following reactions and equations: 


Cl, + 2e- = 2Cl- 
E = 1.358 + 0.0295 log Poi, — 0.0591 logaci- (13) 


Br. + 2e- = 2Br- 
E = 1.065 + 0.0295 log Pp,, — 0.0591 logap,- (14) 


I, + 2e- = 2I- 
E = 0.535 + 0.0295 log P;, — 0.0591 log a1- (15) 


and 


0, oa 4H+ + 4e- = 2H:O 
E = 1,229 — 0.0591 pH + 0.0148 log Po, 
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Figure 6. Fragmentary Potential-pH Diagram for Chlorine, Bromine 
and Iodine 


APPLICATION TO ANALYTICAL CHEMISTRY 


The potential-pH diagrams lead to many interesting 
consequences for redox titrations. We shall consider 
two typical examples. 


Titration of Ferrous Ion by Dichromate 


The reduction of Cr.0;—~ (or CrOy-~ ) to Cr*+*+* occurs 
according to the following reactions and electrochemical 
equilibrium equations: 


Cr,0;-- + 14H+ + 6e~ = 2Cr+++ + 7H,O (16) 
E = 1.37 — 0.138 pH + 0.00985 log “£8°— 
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Cr.0;-- + 8H* + 6e- = 2Cr(OH); + H.0 (17) 
E =1.14 — 0.0788 pH + 0.00985 log ac;,o7-- 


CrO,-- + 5H+ + 3e- = Cr(OH), + H,O (18) 
E = 1.27 — 0.0985 pH + 0.0197 log acro,-- 

CrO,-- + 4H*+ + 3e- = CrO,- + 2H,0 (19) 
E = 0.94 — 0.0788 pH + 0.0197 log—“%— 

4Cr0;,~ 


These equations have been used in the construction of 
Figure 7 in which the HCrO,~ ion has been neglected 
because the corresponding equilibrium lines are very 
close to those of Cr2,O,;—-~. This potential-pH diagram 
for the Cr(+6)/Cr(+3) system, when compared with 
the iron diagram of Figure 4, shows that the oxidation 
of Fet++ is possible and that, therefore, a titration 
method can be worked out. 


Oxidation of Ferrocyanide to Ferricyanide by CrO;,-— 
and Oxidation of Cr (+-8) to Cr(+6) by Ferricyanide 
The following reaction and equation have been added 
to Figure 7: 
Fe(CN).—-- + e- = Fe(CN).—--— (20) 
E = 0.36 + 0.0591 log #8 
@Fe(CN),~ ~~~ 
The corresponding acids have not been taken into ac- 
count. One sees, on the basis of Figure 7, that in acid 
solution Cr2O;-~ oxidizes ferrocyanide while in basic 
solution Cr(+3) is oxidized to Cr(+6) by ferricyanide. 
We thus have a rational explanation for two well-estab- 
lished titration methods whose details are available in 
the literature (6). Many other such titrations can be 
based upon potential-pH diagrams which therefore ap- 
pear as a most useful tool in this field. 


Determination of Lead Pb+*+ by Anodic Oxidation to 
PbO, 


Figure 8 is a fragmentary potential-pH diagram for 
lead based upon the following equations: 


Pb*++ + 2e— = Pb E = —0.126 + 0.0295 log ap,++ (21) 


Pb+4 + 2e- = Pb++ E = 1.691 + 0.0295 log SF (22) 
Pb 


++ 


PbO, + 4H+ = Pb*4 + 2H,0 (23) 
log ap,» ++ = —7.10 — 4pH 


PbO, + 4H* + 2e— = Pbt+* + 2H,0 (24) 

E =1.482 — 0.118 pH — 0.0295 log ap, ++ 
Lines 22, 23, and 24 have been represented for activities 
10-* of Pb+4 and Pb*++ on account of the low solubility 
of PbO:. Figure 8 shows that Pb++ can be oxidized 
anodically to PbO. which is very insoluble even at high 
acidities. The practical method of cleaning the elec- 
trode based upon the reduction of PbO, to Pbt* by 
oxalic acid is also conveniently explained by this dia- 
gram. 


APPLICATION TO ELECTROCHEMISTRY 


One of the most useful fields of application of the 
potential-pH diagrams is that of corrosion. One of us 
(M. P.) has insisted on the usefulness of the diagrams 
for corrosion studies and research in a number of pub- 
lications (4). The diagrams also lend themselves to the 
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Figure 7. Superposition of Partial Chromium Diagram and of Ferro- 
Ferricyanide Equilibrium 


systematic study of electrolytic oxidation and reduction. 
The first step in this study is the establishment of the 
conditions of electrochemical equilibrium. The ex- 
perimental study, through polarization curves, shows 
then whether reversible or irreversible behavior pre- 
vails. The diagrams are thus an essential adjunct to the 
study of overvoltage. 


CONCLUSIONS 


A number of features and advantages of the dia- 
grams are the following: 

They give a clear and rational explanation of the 
properties of the various elements. 

They can be used by students who have not had any 
preparation in thermodynamics. 

Drawn or projected on a large scale they can be used 
with advantage in courses of i inorganic and analytical 
chemistry. 

The systematic study of these diagrams shows the 
gaps in our thermodynamic 
and electrochemical data. 





For some elements, tung- 3 @ 

sten for instance, there pp* 

are practically no data @& Pb 0, 
available. F 


The diagramslend them- _;) 
selves to the planning of 














research programs in a 4 
variety of fields: dissolu- " PL** 
tion of metals, equilibria be- —g4- 
tween metalsand oxides, etc. 
They also emphasize the 4 
contrast between reversible : -e)— Ph H 
and irreversible conditions ~04 . ae 
and, as already stated, they . ae ote bet Few 


are essential at least as 
points of departure in the 
study of overvoltage. 

As a whole the diagrams constitute the thermody- 
namic frame within which all these reactions can take 
place. 
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Rare Book for Sale 


Dr. Julius Sumner Miller, Professor of 
Physics at Dillard University, New Or- 
leans, Louisiana, wishes to sell a rare 
volume in chemistry—Cannizzaro’s “‘Teo- 
ria Molecolare et Atomica’’—which he has 
possessed since his school days with Dr. 
Lyman C. Newell. The Edgar F. Smith 
collection called it one time, years ago, 
“9 real treasure.” 


Lumetron Photoelectric Colorimeter 


The new Lumetron Photoelectric Color- 
imeter Model 401 is designed for accuracy 
and versatility. It works from the a.-c. 
line as well as from an automobile battery. 
It operates with round glass cells of vari- 
ous diameters and also permits the use of 
rectangular cuvettes of 10, 20, and 40 mm. 
light path. 

According to. the manufacturer, the 
instrument is particularly suited for 
educational institutions. It is simple to 
operate and sturdily built, requiring no 
particular care in use or handling. The 
glass cells are inexpensive so that an ac- 
cidental break is no serious loss. Sufficient 
quantities of the cells can be kept on hand, 
permitting several students to use the 
instrument at the same time. 

A built-in constant voltage transformer 
of novel design assures perfect stability 
of readings even where the voltage of the 
a.-c. line is subject to wide fluctuations. 
The photocell is hermetically sealed for 
permanently reliable service. The sliding 





tube carrier permits quick and convenient 
checking against the blank. The steel 
housing provides rigidity, and a Plexiglas 
cover is furnished with the instrument for 
dust protection. 

The colorimeter serves for all colori- 
metric tests of clinical analysis, for color 
grading of liquids, and for turbidity meas- 
urements in microbiological and similar 
tests. It is also suited for photoelectric 
pH determination with indicator solutions. 

For further details, write for Bulletin 
No. 409 to Photovolt Corporation, 95 
Madison Avenue, New York 16, New 
York. 





Combustion Tubes 


Mullite and zircon high temperature 
combustion tubes are now being offered at 
new low prices by Burrell Corporation, 
Pittsburgh, Pennsylvania. 


The McDanel (mullite) tubes are of- 
fered especially for high-temperature 
furnaces. The manufacturers state that 
they are made gastight, are straight and 
accurately sized, and remain free from 
devitrification. 

Both types of tube are fired at approxi- 
mately 3100°F. and are guaranteed to 
perform satisfactorily up to 2900°F. 
They are offered in a variety of lengths and 
diameters, and come with straight uni- 
form diameters or tapered ends. 

For further information write for Bulle- 
tin No. 314. 


Chemicals in Ampoules 


A line of chemicals available in ampoules 
has been announced by Smith-New York, 
Freeport, New York. While primarily 
for corrosive liquids, many other types 
of chemicals are advantageously pack- 
aged in ampoules; namely, aldehydes, 
amines, anhydrides, and odiferous sub- 
stances. 

The term ‘‘Tubules” has been coined by 
Smith-New York to designate a special 
ampoule design which has greater strength 
than pharmaceutical ampoules and is 
more easily opened than the latter. 
Tubules are available in 5, 10, and 25 
gram sizes, and are useful in universities 
and industrial stockrooms where dis- 
pensing of corrosive reagents is a serious 
problem. 

A special catalogue of chemicals avail- 
able in tubules is available upon request. 
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Proceedings of the 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


MEETINGS OF THE NORTHERN CALIFORNIA SECTION 


The Northern California Section of the Pacific 
Southwest Association of Chemistry Teachers held a 
meeting at San Francisco State College on April 22, 
1950. About thirty were present. 

In the morning a round-table discussion on the sub- 
ject, “Secondary School Science in the Modern Curricu- 
lum,” was held jointly with the Northern California 
Science Teachers Association. 

After lunch the subject, “General chemistry: what 
I emphasize, what I leave out,’’ was discussed briefly 
by Dr. H. Murray Clark of San Jose State College, Dr. 
Milton J. Polissar of the City College of San Francisco, 
and Dr. Mel Gorman of the University of San Francisco. 

Dr. Clark believes in a thorough study of the struc- 
ture of the atom and the periodic table. As each sub- 
ject is brought up he tries to tie it into the whole body 
of science and human relations, since chemistry is not 
and should not be taught as an isolated science. Each 
subject is introduced with a brief historical account 
omitting dates and most names, and at the end the 
present day uses and their relation to history, industry, 
and other fields are given. 

As an example of his methods, in the discussion of 
equilibrium he emphasizes Le Chatelier’s Principle and 
relegates to a minor position the more specific laws and 
deviations of a more specific nature. 

Dr. Polissar believes there is far too much in the body 
of general chemistry to expect the student to have a 
comprehensive knowledge of it at the end of a year- 
course. Therefore, he de-emphasizes more than half 
of the general subject matter, expecting only recogni- 
tion knowledge of it as exhibited in true-false and mul- 
tiple-choice questions. He then selects a small number 
of cations and anions and expects the student to have a 
working knowledge of what happens on the mixing 
of any of these in any proportions under any normal 
circumstances. He expects his students to learn to 
handle the various quantitative problems usually met in 
general chemistry. Scientific thinking, the ability to 
reason logically, is emphasized—for example, in the use 
of the periodic table and nuclear structure to explain 
and predict the properties of each element and in the 
treatment of weak electrolytes and their various inter- 
actions. 

Dr. Gorman believes in introducing atomic structure 
very early and then keeps referring to it as the various 
concepts and groups are discussed. He alsoemphasizes 
isotopes, discussing briefly, for the most part, the iso- 
topes of at least one element in each group discussed. 


In this way he discusses hydrogen thoroughly as an 
introduction to both atomic structure and isotopes. 

At the end a short business meeting was held, at 
which time Dr. Benjamin F. Naylor and Dr. H. Murray 
Clark were nominated for chairman, Dr. Bert M. Morris 
for secretary (all three from San Jose State College), 
and Mother Agnes Schmit, of the San Francisco College 
for Women, treasurer. 


On the morning of June 3, 1950 the Northern Cali- 
fornia Section of the PSACT held a meeting at Stanford 
University. It opened with refreshments, a _ get- 
acquainted session, and a tour of the new organic 
laboratory. 

In the meeting, Mr. William M. Pearson, a chemist 
from Westvaco Chemical Division of the Food Machin- 
ery and Chemical Corporation, discussed the subject, 
“Chemistry and the chemist at Westvaco.” Most of 
the technical personnel at Westvaco is used in produc- 
tion, with some in sales or in supervision of control work. 
Some, of course, are used in research, which is carried 
out at Newark, California, and in New Jersey and West 
Virginia. 

Mr. Pearson cited the magnesium plant in which 
dolomite is converted to magnesia for use in refractories, 
cements, and as an absorbant. He outlined a flow 
sheet of the process, pointing out the various steps at 
which chemical control was necessary and indicating 
where process development and research were applic- 
able. 

Prof. Carl R. Noller talked on the subject, ‘The 
physical picture of bonding and resonance in organic 
molecules.” His treatment, developed from that of 
C. A. Coulsen and W. G. Palmer, described the rela- 
tively new concept of molecular orbitals which may be 
used to explain many if not all the characteristics 
attributed to resonance. The molecular orbitals may 
be treated in a manner similar to that for atomic orbit- 
als to give a more vigorous treatment for the explana- 
tion and description of resonance and similar properties. 

In a short business meeting the following officers 
were elected for the coming year: 


Chairman: H. Murray Clark, San Jose State College. 

Secretary: Bert N. Morris, San Jose State College. 

Treasurer: Mother Agnes Schmit, San Francisco 
College for Women. 


About thirty-five people attended the meeting. 

























































MEMBERSHIP LIST 


The following is a list of the members of the Northern 
California Section of the Pacific Southwest Association 
of Chemistry Teachers. 


Gerald A. Ballou, San Francisco State College, San Francisco 2, 
California. 

H. C. Benedict, Chico State College, Chico, California. 

Howard Benninghoff, City College of San Francisco, San 
Francisco, California. 

O. L. Brauer, San Jose State College, San Jose, California. 

Gertrude W. Cavins, San Jose State College, San Jose, Cali- 
fornia. 

H. Murray Clark, San Jose State College, San Jose, California. 

Joseph F. Deck, University of Santa Clara, Santa Clara, Cali- 
fornia. : 

Hal D. Draper, Sacramento State College, Sacramento 14, 
California. 

Edward C. Freiling, St. Mary’s College, Moraga, California. 

Arthur Furst, University of San Francisco, San Francisco, 
California. 

* Henry Gabriel, University of Santa Clara, Santa Clara, Cali- 

fornia. 

Robert R. Gates, San Jose State College, San Jose, California. 

Mel Gorman, University of San Francisco, San Francisco, 
California. 

Florence Haimes, San Francisco State College, San Francisco, 
California. 

M. C. Holmberg, Modesto Junior College, Modesto, California. 

Robert Horvat, St. Mary’s College, Moraga, California. 
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O. L. Houk, California Polytechnic College, San Luis Obispo, 
California. 

J. H. Jonte, College of the Pacific, Stockton, California. 

Michael Joseph, City College of San Francisco, San Francisco, 
California. 

Paul R. Kurtz, Modesto Junior College, Modesto, California. 

Raymond M. Martin, Sacramento Junior College, Sacramento, 
California. 

Bert M. Morris, San Jose State College, San Jose, California. 

Pearl] P. Morris, San Francisco College for Women, Lone Moun- 
tain, San Francisco, California. 

S. W. Morse, San Francisco State College, San Francisco, Cali- 
fornia. 

Manfred Mueller, University of San Francisco, San Francisco, 
California. 

Benjamin F. Naylor, San Jose State College, San Jose, Cali- 
fornia. 

Mark Neuhof (retired), 1335 Guerrero St., San Francisco, Cali- 
fornia. 

C. R. Noller, Stanford University, Stanford, California. 

Carrol O’Sullivan, University of San Francisco, San Francisco, 
California. 

Valerie C. Phillips, San Francisco College for Women, Lone 
Mountain, San Francisco, California. 

Harry E. Redeker, San Mateo Junior College, Burlingame, 
California. 

Albert Schmoldt, San Jose State College, San Jose, California. 

Robert Schuck, San Jose State College, San Jose, California. 

Arthur L. Williams, San Jose State College, San Jose, Cali- 
fornia. 

Richard Wistar, Mills College, Oakland 13, California. 

E. B. Womack, Fresno State College, Fresno, California. 


. THE ADMINISTRATION OF LANGUAGE PROFICIENCY 
EXAMINATIONS FOR SCIENCE MAJORS 


Ar tHE University of Oregon, language proficiency 
examinations for graduate students in chemistry are 
conducted by the language departments; for bachelor’s- 
degree students who do not offer two years of course 
work in a language the examinations are conducted by 
the department of chemistry. The use of a language 
dictionary has not been permitted for graduates but has 
for undergraduates. To compare our practices with 
those of other typical institutions, a questionnaire 





TABLE 1 
Administration of Language Examinations 





A. H. KUNZ 
University of Oregon, Eugene, Oregon 


concerning these points was sent to all the departments 
of chemistry approved by the Committee on Profes- 
sional Training of Chemists of the American Chemical 
Society appearing on its list in Progress Report Number 
20. One hundred thirty-three replies (from the list of 
164) were received, some of which were incomplete or 
indefinite. The tables give a summary of the replies. 





TABLE 2 
Replies to Question: 
‘‘Are Your Students Permitted to Use a Language 
Dictionary When Being Tested?’’ 


Bachelor’s Mastier’s Doctor’s 








Examiners No. of institutions degree degree degree 
A committee or individual from a language de- Degree not offered or special language 
partment 78* examination not required 80 66 53 
A committee or individual from a science de- Dictionary not permitted 35 32 24 
partment 26° Dictionary permitted 13° 24 38° 
A committee from both science and language Dictionary permitted for part, but 
departments 18 not all 5 11 20 


* Includes seven institutions in which the practice is not the 
same for all degrees. 





* Includes a few institutions where practice is not the same for 
both German and French. 
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TWELFTH SUMMER CONFERENCE 


Unper the chairmanship of Alfred R. Lincoln, 
Western Massachusetts School of Pharmacy, Williman- 
sett, Massachusetts, the Twelfth Summer Conference 
of the New England Association of Chemistry Teachers 
at the University of Connecticut proved to be the suc- 
cessful and pleasant event that members have become 
accustomed to expect. With a registration of 191 
members and guests, it did not quite reach the peak of 
220 set last year. The program was excellent, the 
lecture hall facilities were splendid, and the new dormi- 
tory in which the conference was housed was a topic of 
marked interest. Needless to state, the warm socia- 
bility that characterizes the NEACT Summer 
Conferences continued to be an outstanding feature of 
the week. 

Of the 191 registrants, 63, or 33 per cent, were from 
outside New England; besides the usual sizable group 
from New York State, registration from other areas 
were: Canada, 7; Illinois, 2; Indiana, 2; Kansas, 2; 
Maryland, 1; Missouri, 3; Pennsylvania, 9; Tennes- 
see, 3; Virginia, 1; West Virginia, 2. 

The Conference was welcomed to the campus of the 
University of Connecticut by Professor Lawrence H. 
Amundsen, who, in the absence of Professor Waring, 
who was in Europe, was serving as acting head of 
the Department of Chemistry. In his remarks, he 
commented on the many changes that had been wit- 
nessed at the University since the Third NEACT 
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Summer Conference, held at Storrs in 1941. The physi- 
cal plant has increased fourfold in value, now being 
$26,000,000. The student body has grown from 
1400 to 10,000, of whom 6000 are receiving instruction 


.on the Storrs campus; and the rest are registered in 


collegiate subdivisions in several large Connecticut 
communities. The most spectacular growth has been 
in the graduate school, from 29 students in 1940 to 
361 full-time students during the past year, with a total 
of 1200 persons receiving advanced instruction beyond 
the baccalaureate. New plans include a $1,000,000 
Students Union Building, a new auditorium to seat 
4000, a stadium costing $500,000, and a new $800,000 
Dairy Industry Building, all well advanced in planning 
or under actual construction. Four wings are to be 
built during the coming year on existing buildings and 
construction of a new Administration Building, costing 
$500,000, is also under way. Negotiations for a new 
$700,000 Pharmacy Building are in progress. The new 
dormitory in which members of the conference were 
housed was finished only last year. 

The Chemistry Department has expanded along with 
the rest of the University. In 1940-41 there were 6 
staff members and 3 graduate assistants; now there are 
14 staff members, 3 assistant instructors, 16 graduate 
assistants, and a total of 35 graduate students. 

Members of the Conference could see the symmetrical 


plan of the campus taking form and visualize what this 
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growth means in opportunities to the youth of Connecti- 
cut. 

The social hours, held each evening in Baldwin Hall 
after the completion of the day’s program, continue to 
be a welcome integral part of the conference. The 
memorable picnic at Mashamoquet Brook State Park, 
with fresh picked corn and tomatoes from Bernard 
Jurale’s farm (fertilized by trace elements from stu- 
dents’ precipitates at Meriden High School) and 
quohaug chowder, was the top event of the week. 
The spectacular lecture on the same day by Professor 
Hubert N. Alyea of Princeton University on ‘Lecture 
demonstrations, portable industrial exhibits, arrange- 
ments of equipment,” prior to the picnic, and the 
wonderful colored slides of Hawaii, with wire-recorded 
sound effects, also by Professor Alyea, nevertheless in 
retrospect rather leaves the memory of the picnic 
undeservedly dim! 

The Exhibit Committee, headed by Howard I. 
Wagner, Laconia, New Hampshire, presented an admir- 
able collection of new textbooks (a surprising number 
by authors in attendance at the Conference) and exhibits 
of new apparatus. The new wall form of the Laminar 
Chart of the Elements (Tois JourRNAL, 26, 216, 248 
(April and May, 1949)) made its first public appearance. 
A demonstration of a new solution for decontaminating 
articles from radioactivity and equipment for demon- 
strating nuclear phenomena was presented. Dr. G. C. 
Finger, Illinois State Geological Survey, unwrapped an 
extraordinarily interesting collection of items to illus- 
trate his address on ‘Recent advances in fluorine 
chemistry.” 

John P. Brennan, Somerville, Massachusetts, chair- 
man of the motion picture committee, arranged to show 
the following scientific motion pictures: ‘Eternally 
Yours” on wrought iron, courtesy of A. M. Byers Co., 


Pittsburgh, Pennsylvania; ‘Atomic Physics,” a British - 


historical film in which many of the great discoveries 
that led to the atomic bomb are described by the dis- 
coverers themselves—this picture is made available 
through the courtesy of the U. S. Atomic Energy 
Commission; ‘Gas for Home and Industry,’”’ produced 
by Encyclopedia Britannica Films, Inc.; and “Safety 
in the Chemistry Laboratory” preduced by Educational 
Film Library Association. 

On Thursday evening, Professor Ernest R. Kline, of 
the University of Connecticut Department of Chem- 
istry, gave a very fine demonstration of glass blowing, 
emphasizing the practical aspects for the teacher who 
does not have ready access to a professional glass blower. 
Starting with a discussion of burners and demonstrating 
the fundamental glass working operations, he completed 
the exhibition with the construction of a Liebig con- 
denser. 

The following have attended all twelve Summer Con- 
ferences: 


Mr. and Mrs. 
Connecticut. 


Grover Greenwood, Bridgeport, 


Mr. and Mrs. 8. Walter Hoyt, Belmont, Massachu- 


setts. 
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Alfred R. Lincoln, Willimansett, Massachusetts. 

Evelyn 8. Murdock, Stoninzton, Connecticut. 

Elsie 8. Scott, East Northfield, Massachusetts. 

Dr. John R. Suydam, St. Mark’s School, Southboro, 
Massachusetts. 

Elbert C. Weaver, 
Massachusetts. 


Phillips Academy, Andover, 


REPORT OF THE ADJOURNED ANNUAL MEETING, 
AUGUST 25, 1950 
The meeting which was adjourned, sine die, on 
May 6, 1950, was reopened by the President, Helen 
W. Crawley, at 11:35 a.m. on August 25, 1950, at the 
University of Connecticut. 


The treasurer, Carroll B. Gustafson, presented his 
annual report, which is recorded here in abbreviated 
form: 








Balance on hand, 8/15/49 $ 781.27 
Income for-the year 1949-50 2058 . 19 

$2839 .46 
Expenditures, 1949-50 1712.76 
Balance on hand, 8/15/50 $1126.70 


Audited and found correct, 
S. Water Hoyt, Auditor 


For the Membership Committee, the secretary re- 
ported the election of the following new members: 


Francis W. McCarthy, Assistant Professor of Science, Teachers 
College of the City of Boston, Boston, Massachusetts. 

Almon W. Morang, Teacher of Chemistry, Waltham High School, 
Waltham, Massachusetts. 


New members elected at the Summer Conference: 


Dr. Frederick John Allen, Assistant Professor of Chemistry, 
Purdue University, West Lafayette, Indiana. 

Dr. Nelson J. Anderson, Head of the Department of Chemistry, 
Suffolk University, Boston, Massachusetts. 

Mrs. Mabel K. Bauer, Associate Professor of Chemistry, Ly- 
coming College, Williamsport, Pennsylvania. 

John G. Beatty, Head of the Science Department, Runnymede 
Collegiate, Toronto, Canada. 

Richard F. Blake, Teacher of Chemistry, Stratford High School, 
Stratford, Connecticut. 

Harold P. C. Burrell, Assistant Professor of Chemistry, Clarkson 
College of Technology, Potsdam, New York. 

Sybil L. Daniels, Teacher of General Science, Winchester High 
School, Winchester, Massachusetts. 

Caroline R. Gambrill, Instructor in Chemistry, Fairfax Hall, 
Junior College, Waynesboro, Virginia. 

Esther B. Garber, Teaching Fellow, Northeastern University, 
Boston, Massachusetts. 

Walter B. Hacker, Teacher of Sciences, Holliston High School, 
Holliston, Massachusetts. 

Mr. and Mrs. G. Raymond Hood, East Stroudsburg State Teachers 
College, E. Stroudsburg, Pennsylvania. 

Dr. Alexander Kohn, Department of Bacteriology, Harvard 
Medical School, Boston 15, Massachusetts. 

Robert H. Saft, Instructor, Garden City High School and Junior 
College, Garden City, Kansas. 

Horace A. Sherman, St. Paul’s School, Concord, New Hampshire. 

Sister Irene Marie Socquet, Professor of Chemistry, Anna Maria 
College, Marlboro, Massachusetts. 

Irvin P. Sowers, Chairman of Science Department and Teacher 
of Chemistry, Hillside High School, Hillside, New Jersey. 

Harry C. Stubbs, Teacher of Chemistry, Milton Academy, Mil- 
ton, Massachusetts. 
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E. Stutzman, Head, Department of Physical Sciences, Shepherd 
College, Shepherdstown, West Virginia. 

Grace Van Dervoort, Associate Professor of Chemistry, Russel! 
Sage College, Troy, New York. 

Henrietta Whyte, Chemistry Teacher, Bogota High School, 
Bogota, New Jersey. 

Laurence Wilson, Audio-visual Director, Wethersfield High School, 
Wethersfield, Connecticut. 

Herbert W. Wright, Instructor in Chemistry, University of 
Connecticut, Hartford Branch, Hartford, Connecticut. 

Whitelaw Wright, Jr., Eimer and Amend, 11 Lloyd Street, Win- 
chester, Massachusetts. 


At the close of the fiscal year there were 519 active 
members in the Association. Since that time, 27 
new members have been admitted, making the total 
membership 546 on August 25. This number is, how- 
ever, deceptive, since a number of resignations will be 
received when the bills for dues are mailed out, and a 
number of members will be dropped for nonpayment of 
dues. This number usually totals around 20. 

It was voted that the secretary be instructed to extend 
to the University of Connecticut an expression of the 
thanks of this Association for the gracious hospitality 
extended the members and guests during this week. 

It was also voted that the Association express to the 
Committee, and especially to the chairman, Alfred R. 
Lincoln, its gratitude for the fine Summer Conference 
and for the great amount of work upon which the success 
of the conference depends. 

For the Honorary Membership Committee, the fol- 
lowing names were presented to the association: 


Dr. ArtuuR B. Lams, Professor (Emeritus) of Chemistry at 
Harvard University. Dr. Lamb has been a member of this 
Association since 1913, except for the period 1918-21. He has 
rendered distinguished service to the teaching of chemistry 
and has always been a loyal and devoted supporter of the poli- 
cies and aims of the NEACT. He is best known as Editor of 
the Journal of the American Chemical Society from 1918-50. 

Dr. HeLen S. Frencu, Research Professor (Emeritus) of 
Chemistry at Wellesley College. A member of the Association 
since 1921, Dr. French has served in many capacities. She 
was a member of the 1935 committee on the Relation of 
Secondary School and College Chemistry which formulated 
a syllabus for the high school chemistry course. This syllabus 
was prepared for presentation to the College Entrance Ex- 
amination Board and was later adopted in a very large part by 
that Board. For two years, 194446, Dr. French served as 
Chairman of the Central Division and in 1947 was a member of 
the Ninth Summer Conference Committee. She has always 
been a helpful and cooperative member of the Association, 


and through her enthusiasm has brought a number of members 
into the group. 

Professor (Emeritus) JosepH W. ince, Former Head of the 
Chemistry Department, Rhode Island State College. Pro- 
fessor Ince was active in the founding of the Southern Division 
of the Association and served as Southern Division Chairman 
in 1929-31. A member since 1921, his loyal and enthusiastic 
support has been an important factor in the growth of the 
Association. 


Upon motion it was voted that these three persons be 
awarded honorary membership in the Association. 

Dr. Eldin Lynn, Massachusetts College of Pharmacy, 
introduced the problem of the News Letter. Discussion 
developed the fact that about 80 per cent of the mem- 
bership contributed the 25¢ donation requested at the 
time that dues were billed last October. This contribu- 
tion of approximately $125 met about half of the ex- 
pense of the News Letter. After considerable discussion 
it was voted that this year each member be requested 
to donate 50¢ in an effort to put the News Letter on a 
self-supporting basis. It was pointed out during the 
discussion, however, that this contribution is to be 
entirely voluntary and that the News Letter will go to 
the entire membership. There were expressions of 
gratitude for the publication, and Gertrude Eastman, 
Worcester, Massachusetts, Assistant Editor of the 
News Letter, appealed for news items. 

The President announced that the Executive Com- 
mittee had accepted the invitation of Rhode Island State 
College to hold the Thirteenth Summer Conference, 
August 20 to August 25, 1951, at the Kingston Rhode 
Island, campus. The new chemistry building will pro- 
vide excellent facilities for the conference. Donald C. 
Gregg of the University of Vermont, Burlington, Ver- 
mont, and William 8. Huber of the Rhode Island School 
of Design, Providence, Rhode Island, have consented to 
act as co-chairmen. 

The following schedule of meetings was announced: 


October 14, 1950 Northern Division, Senior High School, 
Nashua, New Hampshire. 

December 2, 1950 Central Division, Simmons College, Boston, 
Massachusetts. 

February 10,1951 Southern Division, St. George’s School, 

Newport, Rhode Island. 

Western Division, Pomfret School, Pomfret, 

Connecticut. 

Central Division (Annual Meeting), Walnut 

Hill School, Natick, Massachusetts. 


March 24, 1951 


May 12, 1951 


Merry Christmas 
RS, and Re 


Gappy New Year 
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To the Editor: 

Your correspondent B. Ashkenazy (J. Cuem. Epvc., 
27, 407 (1950)) appears to have fallen into the same 
trap as many schoolboys and college students, for his 
protest against the chemist’s use of the word “equation” 
is based on the false idea that the symbols “Fe,” “S,” 
etc., can represent “any old quantity’ of the element. 
In fact, of course, such symbols represent quite pre- 
cisely (a) one atom of the element or (b) one gram-atom 
of the element, and were clearly intended to do so by 
their inventor Berzelius. 

This being accepted, an expression Fe + S — FeS 
becomes a mathematical identity by substituting either 
the numbers of atoms viz., 1 + 1 = 2, or the atomic 
weights in grams, viz., 55.85 + 32.06 = 87.91, and in 
my view is rightly called an equation. In one sense 
only is it imperfect, in that while it shows explicitly the 
number balance and implicitly the mass balance, it 
does not show either implicitly or explicitly the ac- 
companying energy balance. This is probably the 
reason why arrows are increasingly used in place of 
equal signs. 

My own practice for some years past may be illus- 
trated by the following examples: 


1. “Complete” or “irreversible” reaction 
Fe +S— FeS 
2. “Incomplete” or “reversible” reaction 
3Fe te 4H,0 = Fe;0, + 4H, 
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3. C+ O,. = CO, + 94,450 calories—an equation 
in every sense of the word. 


Conventions, certainly; but clear and consistent 
conventions, I submit. 


W. Pearson THISTLETHWAITE 
Tue CoL.LecE or TECHNOLOGY 
BristoL, ENGLAND 


To the Editor: 


May I call your attention to the following safety de- 
vice for use of pupils in chemistry lab.? 

A common tin can is 

opened atone end and 

freed from any projec- 

tions that might cut the 


silted hand of the student. 
| Near the other end, with 
Bc oe a cheap chisel, a cut is 
made shaped as shown in 

the diagram. 


AB and EF are just 
long enough to fit in the 
buret clamp. HABC and 
GFED are pushed in and 
rolled back. HG and CD 
are left wide enough to 
give the clamp a good 
grip. Ifcuts are made so 
that the solder line on the 
tin can is between H and 
G and C and D the clamp 
grips the can better. 

When an experiment is to be performed, where there 
is danger of an explosion, the can is placed in the clamp 
and the buret clamp placed on the ring stand so that 
the can covers the top of the test tube. The pupils put 
their stoppers in lightly and an explosion means only, 
at the worst, the loss of an old tin can. 








OPEN END 


W. G. LAWRENCE 
West Hiex ScHoo.i 
CLEVELAND, OHIO 


Keceut= Sooke 


0 THE PHYSICAL WORLD 


Paul McCorkle, Head, Department of Physics, Bradley Univer- 
sity, Peoria, Illinois. Blakiston Co., New York, 1950. vii + 450 
pp. 289 figs. 28tables. 16 X 24cm. $4.25. 


Tue author states in the preface that his “‘. . .ultimate goal has 
been to present a concise statement of each topic, introduced in 
a manner to arouse interest and stimulate logical thinking on the 


part of the student.” After a brief introduction which outlines © 


the objectives of a course in general physical science, the author 
presents six chapters on the solar system; six on geology includ- 
ing the weather; one on atomic structure; one on chemical re- 
actions; two on organic and biochemistry; four on water, solu- 





tions, detergents, textiles, and plastics; two on heat and energy; 
one each on sound, light, electricity and magnetism, household 
electrical appliances, radioactivity, and the future of science. 

The general impression created by a careful reading of this text 
is that it contains a fairly large amount of information which is 
rather haphazardly arranged and not very critically sifted. It 
would certainly be confusing to students to have facts about the 
solar system established by using the Doppler principle and the 
Zeeman effect when the wave nature of light is studied some three 
hundred pages later. Balanced chemical equations are used in 
the text long before the meaning gnd use of the symbols are in- 
troduced. This is not the only text which sins by showing the 
optical system of a telescope and spectroscope before discussing 
lenses and prisms. Examples of lack of critical sifting can be 
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cited. Volcanic action is offered as the most probable origin of 
the craters on the moon; the action of steam on metallic carbides 
is offered as a reasonable origin of petroleum. 

There are a few rather serious errors that should be pointed out. 
The “ring around the moon” is due to cirrus clouds, not high 
humidity in the earth’s atmosphere; sodium chloride crystals 
consist of a network of ions, not atoms; a substance is colored 
because it absorbs some wave lengths of visible light and reflects 
others, it does not radiate the color in question. 

On the positive side, the chapter on rocks and minerals was 
unusually complete, the fact that an airplane is supported by 
pressure on the underside of the wings is made clear (most au- 
thors give the impression that the suction on the upper surface is 
responsible), the applications of many scientific principles to 
everyday use are carefully presented. Many of the illustrations 
are excellent; the paper, printing, and proofreading are first rate. 


RICHARD WISTAR 
Mitts CoLitecs 
OAKLAND, CALIFORNIA 


* AN INDEX OF NOMOGRAMS 


Compiled and edited by Douglas P. Adams, Associate Professor 
of Graphics, Massachusetts Institute of Technology, Cambridge, 
Massachusetts. Technology Press and John Wiley and Sons, Inc., 
New York, 1950. ix +174pp. 19 X 25cm. $4. 


Tuts is an index to over 1700 nomograms published in 21 
selected fields of science and engineering. The section on chem- 
istry and chemical] engineering is largest by far, with 379 nomo- 
grams. Some of the other divisions would be classified as chemi- 
cal technology, as oil and gas and by-products, waterworks and 
sewage, paper, and food. Mathematics (117 nomograms) and 
physics (36) are the two other sciences included. 

The index is divided into an Index A which lists key words 
and refers to Index B which is subdivided into the 21 divisions. 
For each nomogram is given a title, the variables plotted, and the 
reference to the original journal. The list of journals shows 97 
titles. All of the common chemical] and chemical engineering 
journals, other than Chemical Engineering Progress, are listed. 
Although the index is stated to start with nomograms published 
in 1923, the stopping date is not mentioned. No mention is made 
of books containing collections of nomograms, as D. 8. Davis, 
“Chemical Engineering Nomographs,” all of which are not ab- 
stracted. A blank page between divisions would have been use- 
ful to allow the user to record new nomograms in which he was 
interested. 


KENNETH A. KOBE 


UNIvVerRSITy or TEXAS 
Austin, Texas 


e ANALYTICAL ABSORPTION SPECTROSCOPY 


Edited by M. G. Mellon, Purdue University, Lafayette, Indiana. 
John Wiley and Sons, Inc., New York, 1950. vii + 618 pp. 
281 figs. 48tables. 16 X 24cm. $9.00. 


Tuis is an authoritative and comprehensive discussion embrac- 
ing the general field of absorption spectroscopy. The spectral 
range considered includes the ultraviolet, visible, and infrared 
regions. 

Excellent discussions of the principles of absorptimetric meas- 
urements are presented, and the over-all treatment of the differ- 
ent phases of instrumentation is the best available. Various 
color comparimeters, filter photometers, and spectrophotometers 
are described and their operational characteristics discussed. 

There has been no attempt to present a comprehensive review 
of absorptimetric procedures, although many applications are 'dis- 
cussed in considerable detail. Instead, the authors have directed 
their efforts toward the development of chemical and i physiol 
principles of importance in absorptimetry. — 


ve 


The first chapter of the book provides an excellent survey of 
the chemistry involved in absorption spectroscopy. The scope 
of the discussion is sufficiently broad to provide a working knowl- 
edge of methods for sample preparation, separation of interfering 
ions, elimination of interferences by chemical and physical means, 
isolation and concentration of desired constituents, color systems 
and their development, and the nature of various reagents and 
reaction products. From this beginning the treatment develops 
through chapters on elementary physics applying to radiant 
energy and its measurement, color comparators, filter photom- 
eters, spectrophotometers, photographic methods of spectro- 
photometry, applications of spectrophotometric data, infrared 
spectrophotometers and their applications, and finally, a chapter 
on the measurement and specification of color. The respective 
chapters were written by M. L. Moss, M. G. Mellon, W. B. For- 
tune, R. H. Miiller, K. 8. Gibson, E. R. Holiday, E. I. Stearns, 
L. J. Brady, and Deane B. Judd. 

This book fills a need that has existed for a number of years for 
a comprehensive reference dealing with the principles, methods, 
applications, and instrumentation of colorimetry and spectro- 
photometry. There can be little doubt that this will become one 
of the standard references in analytical chemistry. 


PHILIP W. WEST 
Lovurstana State UNIVERSITY 
Baron Roves, Lovurstana 


e FUNDAMENTALS OF PHYSICAL CHEMISTRY FOR 
PREMEDICAL STUDENTS 


H. D. Crockford and Samuel B. Knight, Professors of Chemis- 
try, University of North Carolina, Chapel Hill, North Carolina. 
John Wiley & Sons, Inc., New York, 1950. xi + 366 pp. 68 
figs. 37tables. 14 X 22cm. $4.25. 


In MANY institutions, one-semester courses in physical chemistry 
are being offered, primarily for students who plan to enter the 
medical profession. These courses are also taken by students 
who wish to go further into chemistry but who either do not have 
the mathematical preparation or do not feel that they can afford 
the time to take the usual full-year course in physical chemistry. 
Several books suited for such courses have been published re- 
cently, of which the present text is the latest. 

In writing a text for a one-semester course in physical chemistry 
authors are faced with two alternatives, or a compromise be- 
tween them: on the one hand, they may treat thoroughly a 
very limited number of topics; on the other, they may treat 
many topics but compress each severely. The authors of the 
present text have tried to strike a sensible balance, and in the 
reviewer's opinion they have been quite successful. 

Chapters on gases and liquids follow the usual brief, and prob- 
ably nearly useless, introductory chapter. Very sensibly, the 
authors have omitted solids (except for about six lines and one 
figure), presumably on the assumptien that they are adequately 
covered in physics courses. (But why not make the same as- 
sumption regarding liquids, particularly surface tension and vis- 
cosity?) Then come three chapters on solutions, then conduct- 
ance, chemical equilibrium, and ionic equilibrium and buffer 
action; then electromotive force, pH by e. m. f., pH by indica- 
tors, and oxidation-reduction potentials. Reaction kinetics, 
adsorption, and colloids follow, and the book ends with a brief 
chapter on radioactivity and nuclear fission. 

It is evident from the above that the choice of topics is thor- 
oughly conventional, but this is not necessarily a drawback. The 
method of approach is pretty consistently up to date (those who 
still dislike H,O* will be very unhappy) and the presentation is 
clear and generally straightforward. It seems quite possible that 
many students will find the explanations helpful in straightening 
out the muddle in which the lecturer has: left them. 

At the end of each chapter are references, review questions, 
and, where possible, a very generous number of problems, to 
about, half of which answers are given in an appendix. A large 
number of relevant examples are worked out in the body of the 
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text. The figures are simple, carefully drawn, and should be 
helpful to the student. 

There are of course a number of minor points which could be 
improved, but there are few of sufficient importance to be men- 
tioned here. The reviewer feels that the brief chapter on oxida- 
tion-reduction potentials might well have been incorporated into 
the chapter on e. m. f., and that the section on oxidation-reduction 
indicators is particularly weak. On the other hand, the brief 
section on the glass electrode is good. That part of the chapter 
on radioactivity and nuclear fission which discusses what nearly 
every student who has passed an elementary chemistry course 
already knows might well have been left out, leaving more space 
for development of the principles underlying the application of 
tracer techniques and the preparation of artificially radioactive 
elements. 

The reviewer likes the book particularly because it does not 
try to drag in medical or biochemical applications by the heels. 
It presents an honest, though very elementary, view of physical 
chemistry; as such it will fill the needs of many more students 
than just those who go on to medical school, and those who do 
enter medical school will acquire from it much that they would 
not otherwise obtain. It is not, as some of the older books on this 
subject have been, largely a preview of what the student will en- 
counter later on in medical schoo]. A course based on this text 
can stand on its own feet as a respected part of the science curric- 
ulum of a liberal arts college. 5 


WILLIAM E. CADBURY, JR. 
Haverrorp CoLuecs 
HAVERFORD, PENNSYLVANIA 


@ METHYL ETHYL KETONE 


Shell Chemical Corp., 500 Fifth Ave., New York City 18, 1950. 
Second edition. xi + 129 pp. 37 figs. 12 tables. 15.5 X 
23 cm. Available on letterhead request. 


Tuts little book is “designed to afford chemists and manufac- 
turers a convenient source of information on methy] ethy] ketone. 
The book contains a discussion on the commercial applications of 
this petroleum-derived chemical with particular emphasis on sur- 
face coatings. Nonsurface coatings applications, such as ad- 
hesives, cleaning compounds, dyes, and insecticides are described, 
as well as the function of methy!] ethy! ketone in mineral oil re- 
fining and solvent extraction. 

“A review of chemical reactions and physical properties is 
presented, and the volume includes detailed analytical procedures 
and a bibliography of more than 500 references.” 


e TEXTBOOK OF BIOCHEMISTRY “4 


Benjamin Harrow, Professor of Chemistry, College of the City of 
New York. Fifth edition. W. B. Saunders Co., Philadelphia, 
1950. ix+609pp. 139 figs. 65 tables. 16 X 24.5cm. $6. 


* LABORATORY MANUAL OF BIOCHEMISTRY 


Benjamin Harrow, Gilbert C. H. Stone, Harry Wagreich, 
Ernest Borek, and Abraham Mazur, Chemistry Department, 
College of the City of New York. W. B. Saunders Co., Phila- 
delphia, 1950. Third edition. ix + 149 pp. 22 figs. 16 xX 
23.5cm. (Spiral bound.) $2.25. 


THE new edition of this textbook, coming within four years of 
the previous edition, indicates the awareness of the author of the 
rapid rate at which biochemical knowledge is expanding. An 
entirely new chapter, “Biological antagonists,” has been added, 
and frequent mention is made of the newer advances in bio- 
chemistry. However, by deletion of portions of the appendix, 
and various léss important items, the size of the volume has been 
kept approximately within its previous limits. 

The book will continue to fulfill admirably the needs of most 
students initiating their study of biochemistry. The growing 
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breadth of the field, however, and the application of biochemical 
knowledge and tools to all branches of biology and medicine, 
make it difficult for a single volume to satisfy all needs. This 
textbook is more suitable for the student who is seeking either a 
general understanding of biochemistry or a basis for further 
study in specialized fields of biochemistry. For these purposes, 
the volume is well designed. It does not, however, provide the 
biochemical viewpoints or applications to specialized fields, e. g., 
medicine or botany. It is apparent that for the applied aspects 
of biochemistry, specific textbooks and monographs, less broadly 
oriefited than this one, will be required. 


ABRAHAM WHITE 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


” PETROLEUM AND ITS PRODUCTS 


William J. Sweeney, Standard Oil Development Co., New York 
City. Sponsored by Phi Lambda Upsilon and the Department of 
Chemistry, The Pennsylvania State College, State College, Penn- 
sylvania, 1950. vi + 52 pp. 72 figs. 24 tables. 23 X 28.5 
em. Spiral bound. $2.25. 


“(PETROLEUM AND Its Propucts,”’ was presented as the 24th 
Annual Priestley Lectures at Pennsylvania State College, April 
24-27, 1950. These lectures were conceived to fulfill a threefold 
purpose: ‘(1) to establish a living memorial for Joseph Priestley; 
(2) to honor a succession of contemporary American Scientists; 
and (3) to demonstrate that theoretical chemistry is a vital func- 
tional part of modern applied chemistry.” 

The lecturer chosen is expected to be an authority in a broad 
field and thus the presentation is rather general, covering occur- 
rence, production, resources, composition, analysis, refining, prod- 
ucts, and utilization of petroleum. The book is highly illus- 
trated with figures and tables and appears to be an interesting 
survey of the petroleum field as a whole. 


CHEMICAL INVENTIONS AND CHEMICAL 
PATENTS 


Edward Thomas, Lecturer for Practising Law Institute and 
Former Member Examining Corps of U. S. Patent Office. First 
edition. Matthew Bender & Company, Inc., Albany, New York. 
Clark Broadman Co., Ltd., New York, 1950. viii + 881 pp. 8 
figs. 16 X 24cm. $16.50. 


Tue author has condensed his many years of patent law experi- 
ence and writing to produce a very practical and readable book. 
The book bears out his contention that Patent Law is largely 
judge-made law and should be studied in this light, 

The general features as well as the fine legal points are ex- 
tremely well developed from pertinent court decisions. The 
value of the book is enhanced by the judicious use of the negative 
approach in which the difficulties, the pitfalls, and the costly 
mistakes made by others are strikingly sustained. Instead of the 
usual abstract presentation of the law, a distinct note of ways and 
means to anticipate and circumvent numerous difficulties per- 
vades the entire book. 

The chapter on Claims is exceptionally well written; so also is 
the ore on Assignments, Licenses, Options, Law Suits, and Secret 
Rights. The numerous citations are well chosen and thoroughly 
documented. The Table of Cases and the Index occupy 190 


pages. 

The book fulfills its mission and it will return many times its 
cost to those who are actively engaged in the development and 
exploitation of chemical inventions. 


WILLIAM F, O’CONNOR 
Forpsam UNIVERSITY 
New Yor« Crrr 








